ORIGINAL ARTICLE

Tumbling-hand optotype: a novel gesture-based tool for
visual acuity assessment in neurodivergent populations

Tumbling-hand: uma nova ferramenta baseada em gestos para avaliacao
da acuidade visual em populagdes neurodivergentes

Juan Carlos Costa' ®, Daniela Leite Pinto' ©®, Mariana Thayna Oliveira’

'Department of Vision Sciences, Centro Oftélmico Tarcizio Dias, Jodo Pessoa, PB, Brazil.

How to cite:
Costa JC, Pinto DL, Oliveira MT. Tumbling-hand optotype: a novel gesture-based tool for visual acuity assessment in neurodivergent populations. Rev Bras Oftalmol. 2026;85:e0011.

doi:
https://doi.org/10.37039/1982.8551.20260011

ABSTRACT

Keywords:
Visual acuity; Optotypes; Objective: This study aimed to validate the psychometric properties, feasibility, and clinical utility of the
Psychometric tests; Tumbling-Hand test.

Neurodiversity; Persons

Methods: The validation process involved two phases. In neurotypical participants, VA thresholds of
with disabilities

the Tumbling-Hand test were compared with the printed Tumbling E test, with repeatability assessed

Descritores: using intraclass correlation coefficients (ICCs) and Bland-Altman analysis. In neurodivergent participants,

Acuidade visual; Optétipos; the feasibility and success rates of the Tumbling-Hand test were evaluated against the Tumbling E

Testes psicométricos; and Landolt C tests. Statistical analyses, including McNamar’s and chi-square tests, were performed to
Neurodiversidade; Pessoas com assess performance differences across age, gender, and disability type.

deficiéncia Results: In neurotypical participants (n = 75), the Tumbling-Hand test demonstrated excellent

reproducibility, with ICCs exceeding 0.90 and agreement comparable to the Tumbling E test.
Among neurodivergent participants (n = 80), the Tumbling Hand test achieved the highest success
rates, particularly as a secondary test (72.73%, p = 0.001). Success rates were significantly higher in
individuals aged 10 years (p < 0.01), with no significant differences by gender. The Tumbling Hand test
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INTRODUCTION

Oriented optotypes, like Tumbling-E and Landolt C figures,
prove valuable not only for preschoolers“'but also for adults
facing cognitive and neurological challenges such as cere-
bral palsy, muscular dystrophy, and traumatic brain injury."”

Tests utilizing hand-shaped pictograms have been previ-
ously proposed and validated for use with children;®” how-
ever, these lack rigorous evaluation in terms of psychophys-
ical methodology, analytical robustness, and image signal
processing. Therefore, we decided to develop and validate
the Tumbling Hand test, a novel nonverbal tool integrated
into a digital platform. Featuring hand-shaped optotypes
thatreplicate the directional orientations of the Tumbling E,
the test was designed for intuitive use with minimal pre-test
instruction. The study included detailed analyses involv-
ing computational modeling, psychophysical testing, and
Fourier transformations.

This validation study aimed to evaluate the visual
acuity (VA) threshold performance of the Tumbling Hand
test compared to standardized optotypes on a digital
chart, as well as its feasibility and effectiveness among
neurodivergent individuals in comparison to other ges-
ture-based tests.

METHODS

After developing the Tumbling-hand pictograms and con-
ductinga pilot test, validation testing was performed. The pro-
cedures were first validated in neurotypical verbal individuals
by comparing VA thresholds of the digital Tumbling-hand

test with standard gesture-based tests. Additionally, the test's
performance was evaluated among neurodivergent individu-
alsin comparison to other gesture-based tests.

Development of optotypes

Tumbling-hand optotypes were generated with thinner
strokes than Tumbling-E (stroke-to-bounding box ratio
of 1:10 rather than 1:5) to allow us to generate identifi-
able figures. The hand-shaped optotypes were designed
to minimize asymmetries, ensuring that identification is
not biased by visual or cognitive distinctiveness. This en-
hances the reliability of VA assessments across all orien-
tations. The development process occurs in four phases:

- A set of 30 pictograms with unique features was de-
veloped for their distinctive appearance.

- In the second phase, pictogram similarity was mea-
sured through rotation and comparison using the
Structural Similarity Index (SSIM) measure using
MATLAB (version R2023b, MathWorks, Natick, MA,
USA). Simulated blur was applied, and the discrimi-
nation threshold was determined based on achieving
a 90% similarity level (Figure 1A and B). This process
identified five potentially optimized candidates.

- Fine adjustments in the third step used the Fourier
Transform Lab System v.1.0.1.0 (JcrystalSoft, 2023) to
evaluate optotype symmetry. Simulated blur and low-
pass filters were applied, refining curvature for opti-
mal horizontal and vertical symmetry. To illustrate,
an apex/base ratio exceeding 1.14 for the second to

Figure 1. Graph (A) compares Structural Similarity Index values of blur across different pictograms, highlighting that higher-SSIM
optotypes require less blur to achieve 90% similarity. Three optotypes are identified for their low blur thresholds leading to po-
tential confusion. Diagram (B) illustrates Structural Similarity Index values at specific blur thresholds, comparing 180° and 90°
rotations, with a critical similarity threshold set at Structural Similarity Index > 0.9.
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SSIM: Structural Similarity Index.

Figure 2. The method for achieving the optimal structure of the hand optotype involved making changes in regions marked by
black and white asterisks and arrows, as shown in columns A and B. These changes resulted in symmetry improvement in both
the resolution threshold image and Structural Similarity Index values. Column C displays the final optotype, its blurred image,

and corresponding Structural Similarity Index values.

fourth finger widths (Figure 2) improved SSIM values,
guiding the final optotype design (Figure 2C).

« The fourth phase involved a psychometric pilot
study with three healthy adults to estimate sen-
sory threshold values for deciphering the opto-
types. Psychometric functions were obtained using
MATLAB (version R2023b, MathWorks, Natick, MA,
USA) and elements of Psignifit.®

Statistical signal processing

The Fourier transform of the hand pictogram set was then
executed, which revealed slightly distinct directional stimuli
(vertical versus horizontal) in Fourier signals across low and
high frequency areas (Figure 3A to 3D). The authors find this
information significant as directional signals can influence
detection preferences. Differences in logMAR (Logarithm of
the Minimum Angle of Resolution) thresholds across vari-
ous directions will be further analyzed and discussed in the
discussion section of this paper.

Pilot study methods

Subjects
The study included three participants with normal
vision. The study subjects were unfamiliar with the

optotypes. Two individuals were male (s1 and s2) and
27 and 34 years old, respectively. The third individu-
al (s3) was female and was 34 years old. VA values, in
logMAR, for S1, S2, and S3 were -0.12, 0.10, and -0.14,
respectively, and their corresponding refractive errors
were -1.00 sph., +0.25 sph. -1,25 cyl. x 1802 and +0.25
esf., respectively.

Stimuli

The test stimuli consisted of the pictograms previously
developed: two vertical and two horizontal hands. The
test conditions used were threshold values less than or
equal to 0 logMAR (Snellen equivalent 6/6), presented at
a test distance of 5 m, were considered normal; differenc-
es in threshold values of up to 0.04 logMAR (2 letters in
the ETDRS method) between different tests were not con-
sidered relevant.

Each optotype was presented separately in the centre
of a 27-inch monitor placed sm from the subjects. Screen
resolution was 1,920 x 1,080 pixels. Optotypes were pre-
sented in black on a white background with luminance
values of 3 and 120 cd m-2, respectively. The contrast was
set to a maximum of 500:1. The stimulus display was
viewed monocularly with the participants wearing their
own corrective glasses.

Rev Bras Oftalmol. 2026;85:e0011.
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Figure 3. Figures A to D represent the tumbling-hand optotypes on a white background as presented to participants, and their
two-dimensional frequency spectrum of the stimulus after Fourier transform is shown in a 3D plot perspective. Note that the
amplitude, or magnitude, of the Fourier transform is distributed at low and high frequencies, and the frequency patterns vary
depending on the direction of the hand pictogram. The right column shows the psychometric functions used to analyse hand
optotype directions based on measurements from subjects S1, S2, and S3. The data show the percentage of correct responses
versus logMAR for different sizes of options. The solid curves represent optimal fits obtained through least-squares analysis using
Weibull functions. Hands in the vertical orientation (up, down) were slightly easier to identify.

Procedure

Participants underwent a brief practice session to iden-
tify optotype positions by copying them with their
hands. Threshold estimations were obtained using
a two-down, one-up rule, targeting 71% accuracy.’®
Subsequently, 80 randomized trials (20 per direction)
were presented at a logMAR value near the estimat-
ed threshold. Participants replicated the images or
guessed if unsure, with a 2 to 3 second interstimulus

interval, during which the examiner recorded respons-
es and generated the next stimulus.

Validation study A (verbal

neurotypical patients)

The tests were performed during an ophthalmological
consultation at a reference service. The collected data
on VA were compared to the printed Tumbling-E test.
The study population consisted of healthy neurotypical

Rev Bras Oftalmol. 2026;85:e0011.
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patients at a reference ophthalmology service (Instituto
Visdo para Todos) in Jodo Pessoa (PB, Brazil), in the year
2023, as detailed below.

Participants

The project adhered to the core ethical principles of the
Declaration of Helsinki and was approved by the follow-
ing ethics committee: Faculdade de Ciéncias Médicas,
Paraiba, Brazil. All participants provided informed con-
sent prior to screening for eligibility.

Patients evaluated for an ophthalmological consulta-
tion were selected in December 2023. Patients with a his-
tory of any ocular disease, under 10 years old, VA worse
than +0.5 logMAR (20/63) in both eyes and record of any
cognitive deficit or need for interpretation were excluded.

Research design

All individuals were submitted to a noncycloplegic sub-
jective refraction before the acuity test. Standard clinical
practices were used to examine subjective refraction on
a standard logMAR chart.®9 If the subject wore contact
lenses or if habitual refraction was out of date, proper
spectacle correction was offered in a phoropter. The right
eye was examined in each case.

Tests

Visual acuity was measured at a 5-m distance using the
EyeCharts digital system (JCL Medical, Brazil) featuring
rotated hand optotypes. Participants were presented with
optotypes in either single rows of five symbols with 100%
spacing or blocks of gradually increasing size, following
Bailey and Lovie’s logarithmic scale methodology.*** To
assess repeatability, tests were repeated one week later in
the same presentation order.

The digital charts were displayed on a 32-inch
Android TV with 1080p resolution, and contrast and lu-
minance were adjusted based on values established in the
pilot test. MAR consistency was ensured across devices.
For comparison, Tumbling-E optotypes were tested using
aprinted LogMAR chart at the same 5-meter distance un-
der uniform lighting conditions of approximately 500 Ix.
The Tumbling-E printed format, widely recognized as a
standard for VA assessment,®® was used as a reference for
evaluating the performance of the Tumbling Hand test.

Procedure

To avoid co-dependency, visual acuities were only mea-
sured in the right eye. Two ophthalmologists evaluated
the VA parameters. The retest was carried out by the same

operator as in the first evaluation, and all data were regis-
tered in a digital form.

The letter-by-letter method was used to score VA.
The participant had to properly interpret at least three out
of the five targets for the value associated with that row to
be recorded. The number of symbols recognized and orally
stated, that is, 3/5, 4/5, or 5/5, were then recorded. In this
method, LogMAR is computed by adding the value cor-
responding to the row at which the observer identified at
least one character (0.02) for each uncorrected response.
For example, if the subject recognizes four letters out of five
inrow 0.1 LogMAR, the test will score 0.1+0.02 = 0.12.

Statistical analysis

The agreement between measurements was assessed us-
ing Bland-Altman plots, focusing on mean bias and 95%
limits of agreement (LoA). Test-retest (TRT) agreement
was performed using a two-way mixed-effects model and
intraclass correlation coefficient (ICC). One-way ANOVA
was performed to compare all VA values.

Data were analyzed using Bland & Altman software
for Microsoft Excel (Version 6.15.4 for Windows 10) and
IBM SPSS Statistics for Windows, version 20 (IBM Corp.,
Armonk, N.Y., USA).

Validation Study B (neurodivergent
participants)

The study population consisted of patients with some de-
gree of intellectual disability and language impairment.
The study was conducted at the same reference ophthal-
mology service mentioned in Validation Study A.

Participants

The study included individuals from APAE (Associagdo de
Pais e Amigos dos Excepcionais - APAE), a non-governmen-
tal organization in Jodo Pessoa, dedicated to supporting
individuals with intellectual and multiple disabilities.
Participants’ history was collected and classified by dis-
ability level into mild, moderate, and severe, according to
the Diagnostic and Statistical Manual of Mental Illnesses
(DSM-5) intellectual disability criteria® and further
grouped by pathology into Autism Spectrum Disorder
(ASD), Down syndrome, and other disabilities.

Only individuals aged 5 years or older were included,
as directional orientation and motor coordination skills
typically develop around this age." Exclusion criteria in-
cluded uncorrected vision impairments, uncontrolled ep-
ileptic seizures, severe intellectual and motor disabilities
interfering with visual tests.

Rev Bras Oftalmol. 2026;85:e0011.




Costa JC, Pinto DL, Oliveira MT

The study complied with the Declaration of
Helsinki and received approval from the Faculdade de
Ciéncias Médicas ethics committee in Paraiba (CAAE:
74878123.2.0000.5178). Informed consent was obtained
from all participants or their legal representatives before
eligibility screening.

Research design

All participants underwent non-cycloplegic automatic
refraction before the acuity test. They were randomized
to perform the Tumbling-hand optotype and other ges-
ture-based tests, including Tumbling E and Landolt C.
Tests were considered complete when participants cor-
rectly identified the optotypes and achieved a VA better
than 0.3 logMAR. This threshold was selected based on
established standards in VA assessment, ensuring that
only those who demonstrated adequate visual recogni-
tion and acuity were included in the final analysis. All
participants also performed a second test, regardless of
their performance on the first.

Tests

Distance, contrast, luminance and device resolution were
adjusted to match the same values in the first validation
test.

Procedure

To ease visualization and minimize the crowding effect,
the test displayed a single optotype at the center of the
screen, varying in size and orientation. Data collected
from these tests were subsequently analyzed to compare
the effectiveness of the gesture tests.

Statistical analysis

Descriptive statistics were used to summarize the demo-
graphic and clinical characteristics of the participants.
Categorical variables were presented as frequencies and
percentages. McNemar's test was employed to compare
paired categorical data, particularly the performance be-
tween different VA tests (Tumbling Hand, Tumbling E and
Landolt C). The level of statistical significance was set at p
< 0.05.

For intergroup comparisons, chi-square tests were
used to analyze the success rates of the VA tests among
individuals with different disabilities (ASD, Down syn-
drome, and other disabilities). Randomization ensured
unbiased distribution across the test sequences.

All analyses were performed using IBM SPSS Statistics
for Windows, version 20 (IBM Corp., Armonk, N.Y.,, USA).

RESULTS

Pilot study results

In psychometric evaluations, the average logMAR thresh-
old across all hand directions was -0.071. VA was better
for hands in vertical orientations (up = -0.081 logMAR;
down = -0.078 logMAR) compared to horizontal orienta-
tions (right = -0.068 logMAR,; left = -0.058 logMAR), with
a maximum difference of 0.023 logMAR, equivalent to
approximately one letter. Figure 3 presents the psycho-
metric functions for subjects s1, s2, and s3, with mean
slopes 0f 31.22,17.81, and 22.36, respectively.

The threshold size of the hand optotype was calcu-
lated as 1.93 times the Tumbling E optotype at a MAR of
1 minute of arc (1), guiding its resizing and calibration.
Validation tests began after the calibration on the digital
screen system.

Validation study results

In Validation Experiment A, conducted with neurotypi-
cal individuals, 90 participants were selected, of whom 75
completed the test and retest phases (Table 1). The mean
age was 33.5 * 17.5 years, ranging from 12 to 60 years, with
35 males and 40 females. Repeatability results were as-
sessed using the ICC, showing good (ICC > 0.75) to excel-
lent reliability (ICC > 0.90) for the Tumbling Hand test on
digital screens, in both single-line and block modalities.
The printed Tumbling E test also demonstrated strong re-
liability (ICC > 0.878). Bland-Altman plots compared dig-
ital Tumbling Hand optotypes with the standard printed
Tumbling E chart across different presentation (Figure 4).
The plotsindicated a mean bias close to 0.00 logMAR, with
limits of agreement ranging +0.205 (single line presenta-
tion) and +0.155 (logMAR chart). ANOVA analysis revealed
no significant differences between presentation formats ]
F(1.586) = 0.011; p = 0.918].

Table 1. Mean * standard deviation values of the visual acu-
ities obtained by different testing procedures and sessions

Correlation
(95% Cl)

Single-row  0.017 £0.124  0.016 £ 0.108  0.931 (0.878 to 0.951)

Tests / devices Presentation Test Retest

Digital Tumbling

Hand Blocks 0.022 +0.106  0.015+0.121  0.934 (0.884 to 0.963)
Standard printed Blocks 0.014 £0.096 0.006 + 0.096 0.878 (0.787 to 0.932)
Tumbling E *

* Tumbling-E printed chart was shown in block of symbols only.
The comparative parameter was the intraclass correlation with the 95% confidence interval.
95%Cl: 95% of confidence interval.

In Validation Experiment B, conducted with neurodi-
vergent individuals, 80 participants were included, with a
mean age 0f19.45 + 11.61 years, ranging from 5 to 47 years.
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Figure 4. Bland-Altman plots compare digital Tumbling Hand
optotypes with the printed Tumbling E chart across different
presentation modalities (single-row and logMAR chart). Bias
and 95% limits of agreement are shown with dashed lines,
and confidence intervals are shaded. Values are on a logMAR
scale, with the x-axis representing the average of measure-
ments from the first session, and the y-axis indicating the dif-
ference between tests.

The group consisted of 48 males (60%) and 32 females
(40%), and participants were classified as ASD (n = 28,
35%), Down syndrome (n = 26, 32.5%), and other disabil-
ities (n = 26, 32.5%), which included cerebral palsy (n =
17) and intellectual disability without specific etiology (n
=9). In terms of disability levels, 58 participants (72.5%)
were classified as mild and 22 (27.5%) as moderate.

The Tumbling Hand test demonstrated the highest
overall success rates. Asa primary test, it achieved a suc-
cess rate of 54.55%, outperforming the Landolt C (40%)
and Tumbling E (28.57%) tests, although these differenc-
es were not statistically significant (p = 0.443). As a sec-
ondary test, the Tumbling Hand's success rate increased
to 72.73%, significantly surpassing the Landolt C (50%)
and Tumbling E (38.46%) tests (p = 0.001). Success rates
were significantly higher in participants aged 10 years
and older compared to those under 10 (p < 0.01), while
no significant associations with gender were observed (p
> 0.05).

Considering combined results from primary and
secondary tests, the Tumbling Hand test achieved suc-
cess rates of 72.22% in individuals with ASD, 28.57% in
Down Syndrome, and 55.56% in participants with oth-
er disabilities. The Tumbling E test had success rates of
38.89% in ASD, 22.22% in Down Syndrome, and 38.46%
in other disabilities. The Landolt C test achieved suc-
cess rates of 50% in ASD, 25% in Down Syndrome, and
42.86% in other disabilities. Statistical analysis (Chi-
squared test; p = 0.087) indicated that the higher success
rate of the Tumbling Hand test in ASD was not statisti-
cally significant when compared to other tests. However,
success rates in Down Syndrome were significantly low-
eracross all tests (p < 0.05).

Deficiency levels significantly influenced test perfor-
mance (p < 0.001), with mild deficiencies consistently
achieving higher success rates than moderate deficien-
cies. The Tumbling Hand test showed the highest success
rate in mild deficiencies (58.33%), followed by the Landolt
C (50%) and Tumbling E (36.36%), although these differ-
ences were not statistically significant (p = 0.427).

DISCUSSION

Although pictograms for assessing VA of non-verbal
individuals have been previously developed,*®* the
Tumbling Hand optotype was specifically designed to im-
prove accessibility for individuals with language or cog-
nitive impairments. Unlike the Landolt C and Tumbling
E, which require symbolic interpretation, such as viewing
a ‘C" as a semi-closed hand, adding a cognitive step that
can make the task more difficult for individuals with such
impairments, the Tumbling Hand test relies on direct
gesture replication. This eliminates the need for complex
analogies, making it easier to recognize and replicate. The
simplicity and intuitiveness of the design reduce the need
for extensive pre-test instruction, enhancing comprehen-
sion and inclusivity during VA examinations.

When assessing Tumbling-hand thresholds, our psy-
chometric pilot test unveiled an average of -0.071 log-
MAR. A parallel study examining Tumbling-E through
psychophysical methods reported a comparable mon-
ocular threshold value of -0.045 logMAR," indicating a
marginal difference of 0.026 logMAR, equivalent to only
one letter. In addition, our validation study showed a high
correlation in TRT (0.871-0.955), and a small bias in the
Bland-Altman analysis between digital Tumbling-hand
and standard Tumbling-E tests (0.00 to 0.02 logMAR), in-
dicating that the two methods have a tendency to produce
similar measurements. The LoA in this study (+ 0.155to +

Rev Bras Oftalmol. 2026;85:e0011.
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SSIM: Structural Similarity Index.

Figure 5. Structural Similarity Index and maps for two distinct pictograms - rotated Tumbling-hand (A) and rotated Sjégren
hand optotypes (B). Both optotypes underwent the same level of blur. Notably, in figure B, hand directions are identifiable in the
similarity map, marked by the triangle on the vertical hand and the asterisk on the horizontally positioned hand. Moreover, the
similarity index in figure B is markedly lower than that in figure A for the same blur level.

0.205 logMAR) aligns with previous research (+ 0.10 to +
0.40 logMAR),"*17) supporting the validity and reliability
of the VA measurements.

Since the 1970s, few hand-based optotypes have been
developed to replace Tumbling E. The Sjogren hand test,
introduced in West Africa for illiterate populations, sig-
nificantly reduced untestability,” but lacked rigorous psy-
chophysical testing and computerized image analysis.

Figure 5 shows that the Sjogren hand optotypes ex-
hibit low confusability (SSIM = 0.704), indicating strong
discriminatory capability, which may suggest that filled
and asymmetric characteristics, as shown in Figure 5B,
reduce efficiency on most of the digital screen resolution
(68.88 ppi), as smaller optotypes are needed to reach the
figure-ground perception threshold."2° In addition to
the asymmetry of the images, the visual system could de-
tect low-frequency patterns in high asymmetric images
near the acuity threshold, which could theoretically re-
sult in lower reproducibility of the examination.

The efficiency of complex optotype development can
also be influenced by directional distinguishability, as
demonstrated by Fourier transform signals and pilot tests
in pattern recognition. Previous studies have shown that
anisotropic normalization affects the detection and per-
ception of differently oriented stimuli,®? with a “hori-
zontal effect” favoring oblique images, followed by vertical

and horizontal orientations. This anisotropy, observed in
contrast thresholds and recognition of oriented struc-
tures, aligns with our pilot study results, which showed
slightly better VA for hands in the vertical compared to
the horizontal direction (approximately one letter).

The second validation study examined the success
rates and practicality of the Tumbling Hand test in neu-
rodivergent populations. The results showed its effective-
ness for VA assessment, with higher success rates empha-
sizing the need to adapt testing methods for individuals
with cognitive and communicative challenges.? The
higher performance observed in participants who were
10 years and older highlights the importance of cognitive
and motor development in the feasibility of the test.*®

The Tumbling Hand test’s strong performance in ASD
reflects the utility of gesture-based designs in populations
with focused visual attention.®”” However, lower success
rates in participants with Down Syndrome highlight the
need for further adaptations to address specific cognitive
and motor limitations. Less cooperative children should
be assessed using grating acuity or spatial frequency-
based visual acuity tests, which rely on preferential look-
ing rather than optotype recognition. ¥ Additionally, the
higher success rates in the mild deficiency group com-
pared to the moderate group emphasize the importance
of simplified optotypes in enhancing accessibility.*

n Rev Bras Oftalmol. 2026;85:e0011.
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This study has some limitations that must be con-
sidered. The sample size, particularly for neurodivergent
participants, may restrict the generalization of findings
to broader populations with varying cognitive and mo-
tor abilities. Individuals with severe intellectual or mo-
tor impairments were not included, which may limit the
applicability of the test in these cases. Additionally, the
lower resolution of digital screens (68.88 ppi) compared
to printed charts (300 ppi)"® could have influenced the
results, particularly for smaller optotypes. Further stud-
ies with larger samples and multi-center validation are
needed to confirm the reliability and applicability of the
Tumbling Hand test across diverse clinical settings.

A key limitation of this study is the absence of compar-
ison with the ETDRS chart, which is considered the gold
standard for VA assessment in clinical research. However,
ETDRS requires verbal responses or literacy, making it less
suitable for populations with communication challenges,
such as autistic individuals and those with intellectual dis-
abilities. Instead, we focused on gestural-based optotypes
(Tumbling E, Landolt C) to ensure a more appropriate and
comparable evaluation within our target population.

Tumbling-hand optotype fonts are freely available for
non-commercial use at https://github.com/eyecharts/
TumblingHand. Researchers are encouraged to explore
their suitability for diverse applications, with the aim of
supporting broader use through open and collaborative
development.

CONCLUSION

This study presents the Tumbling Hand pictograms as a
reliable alternative to existing gesture-based tests for vi-
sual acuity assessment. The test showed excellent repro-
ducibility in neurotypical individuals and achieved prom-
ising success rates in neurodivergent populations. These
results reinforce the importance of gesture-based designs
in improving accessibility for individuals with cognitive
and communicative challenges. Further research in larg-
er and more diverse populations is needed to confirm its
clinical applicability and support inclusive vision care.
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