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Fig. 1. Optical simulation of presbyopia using tunable lenses. (A) A participant wearing the tunable lens eyewear. (B) Schematic
diagram illustrating how the tunable lenses simulate presbyopia by optically shifting the focal point behind the retina, creating a
presbyopic blur effect. (C) An example of simulated presbyopic blur is when viewing text at close range. (D) A designer using the
simulation eyewear to evaluate and refine their design in real-time, demonstrating the practical application of the tool in the design
process.

Presbyopia, a common age-related vision condition affecting most people as they age, often remains inadequately understood by

those unaffected. To help bridge the gap between abstract accessibility knowledge and a more grounded appreciation of perceptual

challenges, this study presents OpticalAging, an optical see-through simulation approach. Unlike VR-based methods, OpticalAging

uses dynamically controlled tunable lenses to simulate the first-person visual perspective of presbyopia’s distance-dependent blur

during real-world interaction, aiming to enhance awareness. While acknowledging critiques regarding simulation’s limitations in fully

capturing lived experience, we position this tool as a complement to user-centered methods. Our user study (N = 19, 18-35 years old)

provides validation: quantitative measurements show statistically significant changes in near points across three age modes (40s, 50s,

60s), while qualitative results suggest increases in reported understanding and empathy among participants. The integration of our
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tool into a design task showcases its potential applicability within age-inclusive design workflows when used critically alongside

direct user engagement.
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1 INTRODUCTION

Presbyopia, an age-related visual impairment, reduces the ability to focus on near objects [1]. It is a condition that

virtually no one escapes [11, 15, 30, 53, 67]. Although traditional corrections such as spectacles or contact lenses offer

functional solutions, they can introduce their own challenges [35, 66]. For instance, constantly needing to switch

between different pairs of glasses can be cumbersome, multifocal lenses often require an adaptation period and may

introduce peripheral distortion, and contact lenses might be uncomfortable or impractical for certain activities or

environments. This impact underscores a critical gap in inclusive design: often stems from a lack of deep understanding

among those unaffected by presbyopia [59, 60]. Addressing this understanding gap necessitates approaches that can help

non-presbyopic individuals, particularly designers, appreciate the perceptual challenges associated with presbyopia,

fostering broader awareness [24]. Bridging this gap requires tools that move beyond abstract design guidelines, helping

designers develop a more grounded perspective than abstract knowledge alone might provide.

Advances in visual simulation technologies, including virtual reality (VR) and augmented reality (AR), have opened

new avenues for simulating visual impairments. VR has shown versatility in simulating conditions and enhancing

understanding [2, 9]. However, while VR offers versatile simulation platforms, its inherent disconnect from the physical

world limits its utility for crucial design evaluation tasks that involve interacting with physical prototypes, assessing

ergonomics directly, or judging legibility on actual product surfaces and packaging within real-world environments.

Optical see-through approaches, in contrast, allow simulation directly within the user’s real-world context, enabling

designers to experience simulated impairments while handling tangible mock-ups and interacting naturally with the

intended use environment [39, 40, 51, 68].

Our research addresses this need by introducing OpticalAging, an optical see-through system using tunable lenses to

dynamically simulate the visual effects of presbyopia during real-world tasks. This method aims to provide designers,

welfare workers, and other related practitioners with a simulated, first-person perspective of presbyopia, intended to

enhance understanding of specific visual challenges. Crucially, we recognize the limitations and critiques associated

with using simulation for understanding disability [14, 48]; OpticalAging is therefore presented not as a means to fully

replicate lived experience, but as a tool to potentially complement direct engagement and collaborative design practices,

potentially reshaping inclusive design for aging populations.

To validate our approach, we conducted a user study with three objectives: (1) quantitatively examine simulated

presbyopia in three age modes (40s, 50s, and 60s); (2) assess the reported change in understanding and empathy following

interaction with the simulation; and (3) investigate the practical application of our simulation in real-world design
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scenarios with a professional designer and a design student. The results demonstrate that our approach significantly

alters the near points of the users, enabling them to experience specific visual effects associated with presbyopia. Our

system provides a perceptually relevant simulation of distance-dependent blur. Participants reported observations about

daily challenges associated with these visual effects, suggesting increases in reported empathy and understanding. An

exploratory case study with designer participants revealed the potential of our system to inform aspects of design

processes, contributing towards more intuitive, user-centered solutions for aging populations.

This research contributes to the field of inclusive design support in several ways: (1) A novel optical see-through

system using tunable lenses for first-person, real-time simulation of specific visual effects associated with presbyopia,

enabling direct evaluation of real-world interactions. (2) A method intended to help bridge the gap between abstract

accessibility guidelines and a more grounded appreciation of perceptual challenges relevant to inclusive design for aging

populations. (3) Strong quantitative validation of the simulation’s ability to accurately shift near points, complemented by

qualitative evidence suggesting potential enhancements in reported understanding and empathy among non-presbyopic

users when interpreted within the limitations of simulation. (4) Explores the practical applications of presbyopia

simulation in real-world design scenarios, offering insight into how such tools might be integrated into professional

design workflows when used critically and supplementally.

2 RELATED WORKS

2.1 Presbyopia: Background and Treatments

Presbyopia is primarily caused by decreased flexibility of the crystalline lens inside the eye as people age. Presbyopia

typically manifests in individuals over 40 years old and affects a significant portion of the global population [24]. In

terms of self-awareness of presbyopia, patients with presbyopia often become aware of it in their late forties, but some

may have difficulty with near vision-related tasks before becoming aware of it [64]. As the world population continues

to age, we will see the rising prevalence of presbyopia turning into an urgent global issue.

Current treatments for presbyopia, including reading glasses, bifocals, multifocal contact lenses, and surgical

interventions, offer functional solutions but often fall short in addressing the complex visual challenges faced by

presbyopia [17, 25]. Although these treatments provide vision correction, they come with limitations such as a reduced

field of view, adaptation periods, and potential compromises in depth perception [35]. Additionally, the trial-and-error

approach often employed in prescribing these solutions suggests a gap in our understanding of the patient’s visual

experience [47].

2.2 Visual Impairment Simulation

To improve understanding and insight into others’ visual conditions, various methods for simulating these conditions

are explored. Techniques include methods based on static images [6, 10, 31], interactive web demonstrations [65], and

commercial software products [7, 44]. Simpler optical methods, such as wearing goggles [18, 23] with fixed diffusing

lenses or static filters, have also been used to approximate certain visual impairments, such as general blur. However,

such non-dynamic approaches cannot adequately simulate conditions like presbyopia, where the visual effect (blur) is

fundamentally dependent on the viewing distance. Capturing the dynamic, distance-dependent nature of presbyopic

blur and the associated difficulty in shifting focus requires a real-time, adjustable optical system.

Head-mounted displays (HMDs) are also effective tools for simulating visual conditions. In academic research,

Jones et al. [33] investigated the use of virtual and augmented reality (VR/AR) to replicate common visual impairment
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symptoms, such as field loss, color reduction, glare, and diminished visual acuity. Additionally, Alexander et al. [9]

recommended a flexible approach using eye tracking to imitate usual symptoms of visual impairment. To achieve

more realistic and intuitive simulations of visual impairments, Krosl et al. [39] incorporated eye tracking and cataract

simulations using pre-recorded 360-degree videos in HMD. While these studies have highlighted the significance of

visual effects linked to eye movements and their implications in real-world environments. Zhang et al. [68] advanced

this work by employing optical see-through eyewear to replicate age-related macular degeneration and open-angle

glaucoma, offering deeper insights into visually impaired individuals’ perspectives. They emphasized the immediate

adaptiveness of optical see-through eyewear for simulating visual impairments. In the latest research, Orlosky et al. [50]

proposed a distance-dependent blurring technique in virtual environments. Despite acknowledging past contributions

to blurred visual effects, we note that the distance-dependent aspect of presbyopia remains insufficiently studied,

particularly requiring highly realistic optical see-through applications.

While various simulation techniques exist, their application in design practice is complex and warrants careful con-

sideration. Empirical research indicates that designers often utilize simulations, including those for visual impairments,

due to practical workplace constraints such as limited time, budget, and significant challenges in recruiting or accessing

disabled participants for direct feedback or co-design [62]. Furthermore, studies suggest that many designers may not

be fully aware of the significant critiques and potential pitfalls of simulation methods, such as oversimplification, the

inability to capture lived expertise or compensatory strategies, and the risk of reinforcing stereotypes [14, 62]. Under-

standing this context – the practical pressures faced by designers alongside the valid concerns regarding simulation

efficacy and ethics – is crucial when considering the development and deployment of new simulation tools like the one

proposed in this paper.

2.3 Tunable Lenses for Vision Modulation

Mompeán et al. [46] and Padmanabhan et al. [51] utilized tunable lenses to demonstrate the tuning of focus for

correcting presbyopia. This work is particularly relevant to our research as it provides practical insights into applying

tunable lenses for presbyopia correction. Most recently and similarly, Agarwala et al. [8] assessed electronically tunable

lenses for their aberration properties and use as correction lenses. While these advancements focus on compensating

for presbyopia in individuals who experience it, a distinct need exists to foster deeper understanding and empathy

among those unaffected, particularly designers and developers creating solutions for aging populations. Correction

technologies address the functional impairment, but simulation tools like ours aim to bridge the experiential gap,

offering a first-person perspective intended to inform more inclusive and user-centered design practices. However, to

our knowledge, no research optically simulated presbyopia in first-person-view for this purpose, as we explored in this

research in the following sections.

3 SIMULATING PRESBYOPIA THROUGH DYNAMIC ADJUSTMENT OF DIOPTERS USING TUNABLE
LENSES

Specification

category

Lens dimensions
(Ø x thickness)

Range of optical
power

Clear
aperture

Operating
temperature

Pupillary
distance

Specification detail 15.8mm x 7.4mm -15D � 15D 6.3mm 0 � 45°C 55mm � 70mm

Table 1. Tunable Lenses (built-in ViXion01 smart eyewear) Specifications.
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Fig. 2. Configuration and calibration of the tunable lenses eyewear for presbyopia simulation. (A) Front view of the eyewear, showing
the placement of the focal tunable lenses and the Time of Flight (TOF) distance sensor. (B) Adjustable features of the tunable lens
eyewear to accommodate individual differences, including interpupillary distance (PD) adjustment, adjustable left temple, and a focal
length adjusting dial. (C) A participant wearing the calibrated eyewear, with proper PD and corrective power settings applied.

Our approach optically simulates presbyopia by dynamically adjusting two tunable lenses to shift the near point of

the user to an intended aged condition (e.g., 40s, 50s, and 60s modes in this research). The near point here is the one that

represents the amplitude of accommodation instead of the near point of convergence. The tunable lenses are built-in

ViXion01
1
, a pair of commercially available autofocus smart eyewear, its specifications are listed in Table 1. It should be

noted that this specific hardware platform, like many wearable displays, has a limited field of view, a factor discussed

further in the Limitations section. This eyewear was initially designed to work as corrective glasses, helping its wearer

see both closed and distant objects clearly. Our approach, on the other hand, uses the tunable lenses of the eyewear to

optically simulate two of the primary visual representations of presbyopia: (1) Increased near point of accommodation

along with aging, which appears in the tendency of older adults to hold the reading material farther away to make the

visual content clearer
2
[12, 56, 63]. (2) Blurred vision within the near point range [52].

Algorithm: As presbyopia gradually progresses with age and individuals typically begin to notice symptoms in

their 40s [20, 54], our simulation modes commence at this age, extending through the 50s and 60s, in line with previous

research [19, 58]. To simulate presbyopic visual blur, the adjustable lenses alter the cumulative focal power of the wearer.

The algorithm operates simply: If the tunable lens eyewear’s distance sensor identifies that the viewing plane is nearer

than the preset near point (e.g., in the 40s, 50s, or 60s mode), the lenses adjust their diopters to decrease the wearer’s

overall accommodation ability. This adjustment shifts the focal point beyond the retina, resulting in presbyopic blur.

The detailed workflow can be found in Figure 5.

The choice to simulate presbyopia across the age groups of the 40s, 50s, and 60s is based on physiological changes

and clinical importance. Typically, the 40s signify the beginning of noticeable presbyopic symptoms, the 50s denote

a crucial midpoint in the condition’s progression, and the 60s generally show peak presbyopia [19, 20, 54]. This age

range highlights essential phases in the deterioration of lens elasticity and ciliary muscle effectiveness, the main causes

of presbyopia [11, 38]. Additionally, each decade signifies different stages of how presbyopia affects daily tasks and

workplace efficiency [34].

To initialize the presbyopic simulation, tunable lenses are precisely individually adjusted to operate as concave lenses,

adjusting the near point of accommodation of the wearer. This adjustment alters the overall diopter strength of the

user’s vision to a preset simulation mode. In the case of a 20-year-old wearer (assuming the Diopter of amplitude of

accommodation (AoA) is 9.75D) with normal vision in the mode of simulating 40s, the tunable lenses act as 0D lenses

when the focused plane is far away more than 25cm, which enables the wearer to see things clearly as usual. When

1
https://vixion.jp/en/vixion01/

2
https://www.mayoclinic.org/diseases-conditions/presbyopia/symptoms-causes/syc-20363328
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Fig. 3. Approach and interface for presbyopia simulation using tunable lenses. (A) Illustration of the primary algorithm: The tunable
lenses simulate presbyopic blur by functioning as concave lenses to reduce the overall diopter of the wearer when the viewing distance
is less than a preset near point (e.g., 25 cm for 40s mode). Beyond this point, the lenses work as corrective mode adjust dynamically
based on viewing distance. (B) Operational graphical interface for individual calibration, allowing separate focal power correction for
each eye to accommodate wearers with refractive errors.

Fig. 4. Calibration process for the tunable lenses presbyopia simulator. This flowchart outlines the step-by-step procedure for adjusting
the tunable lenses to account for the wearer’s existing refractive errors before initiating the presbyopia simulation.

the distance from the focus plane is shorter than 25cm, the tunable lenses function as -5.75D concave lenses, which

consequently reduces the overall amplitude of accommodation to 4.0D, the average for people in their 40s. Optically,

concave-shaped tunable lenses diverge incoming light rays and shift the focal point to a location beyond the wearer’s

retina, referring to Duane et al. [19, 20, 55] for a numerical rationale.

In contrast, in the case of simulating 40s, if the 20s wearer is nearsighted, the tunable lenses function as corrective

lenses when the distance from the focused plane is greater than 25cm away from the wearer. Their corrective focal

power here is stored as an o�set. The distance between the tunable lens eyewear and the object viewed determines how

the diopter strengths of the tunable lenses are adjusted. The varied tunable lenses’ states are illustrated in Figure 3. The

distance from the viewing plane is continuously measured by a built-in Time-of-Flight sensor of the tunable lenses’

eyewear. This distance value is converted to the diopter adjustment for each lens to support the wearer with clear

vision in real-time. When the distance between the focused plane and the tunable lens eyewear is shorter than 25cm,

the tunable lenses now function as a power of ‘-5.8D + o�set’ to shift the focal point of the wearer outside the retina to

simulate presbyopia. The corresponding diopter settings of other age modes and wearer age combinations, calculated

using the same principle illustrated for the 20s and 30s examples in Figure 5, are described in Table 2.
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Fig. 5. Workflow of the presbyopia simulation algorithm. The flowchart illustrates the decision-making process for simulating
presbyopic blur based on the chosen age mode, wearer’s age, and viewing distance relative to the preset near point range.

Wearer age Diopter settings in

presbyopic range (40s mode)

Diopter settings in

presbyopic range (50s mode)

Diopter settings in

presbyopic range (60s mode)

20s -5.8D -7.3D -8.5D

30s -3.3D -5.1D -6.0D

Table 2. The diopter values employed to adjust the tunable lenses presented in this table are based on the research of Duane [19] and
Schwartz [58]. These values are rounded to one decimal place to match the precision of the tunable lenses in our method.

Accommodation Speed Control: Our approach implements a non-linear accommodation speed control for the

tunable lenses to mimic the accommodation speed and process observed in the aging human eye [57]. The algorithm

uses a non-linear interpolation between current and target focal lengths. Key to this process are two variables: a time

constant that adjusts the speed of accommodation, and a delta time based on the system’s refresh rate.

The interpolation uses an exponential decay function, allowing for smooth, gradual adjustments that are less

perceptible and potentially more comfortable for the user.

Debounce:To ensure stable distance measurements and avoid sudden changes in lens adjustments, we incorporated a

debounce algorithm. This algorithm maintains a circular buffer that holds the latest distance readings, with configurable

options for the number of samples and the consensus threshold. For every new distance reading: (1) Insert the new

value into the circular buffer while removing the oldest value, (2) tally the frequency of each distinct distance value in

the buffer, (3) if any distance value reaches or surpasses the predefined threshold, it is deemed the stable reading, (4) if

no value meets the threshold, the new distance is accepted as is.

Temperature Compensation Algorithm for Focal-Tunable Lenses: Considering that temperature changes

can impact the performance of focal-tunable lenses due to the thermal sensitivity of the liquid within the lens, our

algorithm dynamically adjusts the lens settings in response to temperature shifts to maintain consistent focal properties

under varying conditions.

3.1 Replication and Generalizability

In developing and evaluating the tunable lens eyewear prototype presented in this paper, we have adhered to a

strict confidentiality framework as stipulated by a Non-Disclosure Agreement (NDA) with the device’s providing

company, a for-profit enterprise. However, the core parts, the tunable lenses, are commercially available and intensively

manufactured [3–5]. Regarding academic explorations, Hasan et al. [28] and Li et al. [42] as well as other related

pioneering works [8, 16, 29, 32, 43, 45] have detailed the manufacturing process and the core algorithm of adjusting

focal-tunable lenses. Our described method is not tied to any specific product and can be generalized to similar devices.

Hence, following the underlying principles of our method along with the previously discussed literature, we believe
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that the optical presbyopia simulation presented in this research can be easily reproduced for future investigations. The

comprehensive framework supports the algorithm’s logical workflow and describes the implementation techniques

in a manner that is adaptable to various hardware configurations, facilitating replication and modification in diverse

research and development environments.

4 USER STUDY

To explore and validate our approach, our user study was structured into three distinct parts. Part I involved the

evaluation of optically shifted near points for simulated presbyopic age groups corresponding to the 40s, 50s, and

60s. Part II required participants to perform 20-minute daily reading activities with our simulation eyewear in the

experimental environment. Part III engaged a professional product designer and a design student in a field study

to integrate presbyopia-friendly elements into their design workflows, examining the practical applications of our

simulation in professional practice. Our research protocols were rigorously reviewed and have obtained approval from

the Institutional Review Board (IRB) of our university.

It is important to note that the design of these main study components was informed by prior exploratory work.

Specifically, before conducting these main studies, we conducted preliminary qualitative explorations with a small

group of older adults (N = 4, ages 50s-60s) experiencing presbyopia. The goal was to gather initial insights into their

subjective visual experiences to better inform the development and evaluation of the OpticalAging simulation. These

informal discussions provided valuable early feedback on the nature of presbyopic blur and near point variability.

Calibration and Individual Adjustment. The user study began with a careful calibration procedure to tailor to

each participant’s unique visual needs. Using tunable lenses’ ability to simulate concave or convex lenses, nearsighted or

farsighted subjects participated in the study without their regular corrective eyewear. The corrective values determined

by the participants were then incorporated into our simulation algorithm as the o�set.
First, the participant puts on the ViXion01 eyewear and adjusts the interpupillary distance to position the tunable

lens modules precisely in front of their eyes; see Figure 2 for a detailed hardware structure. Following ViXion01’s

official guidelines, and our calibration workflow, see Figure 4, we ensure that the embedded tunable lenses initially

functioned as corrective lenses to counteract potential nearsightedness or farsightedness. If the wearer has normal

vision, the tunable lenses function as 0D lenses so that they can see things clearly as usual, when the focal plane is

far away from the preset near point range. Participants who reported having no noticeable visual acuity difference

between two eyes are instructed to manipulate the adjustable dial, which changes the lenses’ diopters until clarity is

achieved for a standing hardcover book at a distance of one meter. Individual lens adjustment is also performed for

participants reporting anisometropia (disparate visual acuity between their eyes), Figure 4 demonstrates the detailed

calibration workflow. In this individual adjustment case, all calibration steps were remotely monitored and controlled

using ViXion01’s official smartphone application, the graphical user interface is illustrated in Figure 3 B.

4.1 Part I: Evaluation of Optically Shifted Near Points

This part aims to evaluate optically shifted near points for simulated age groups corresponding to the 40s, 50s, and

60s while using our optical-see-through approach. Although in ophthalmological tests, near point accommodation

tests typically contain monocular and binocular conditions, we choose to examine binocular near point. Since most

real-world near-vision tasks relevant to design evaluation (e.g., reading labels, using handheld devices, interacting with

physical objects) are performed using both eyes, assessing the binocular near point provides a more ecologically valid

measure for simulating the functional impact of presbyopia in everyday scenarios.
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Participants: We recruited 19 individuals from diverse professional backgrounds for this study via word of mouth.

They ranged from 18 (with consent from the individual and their guardian) to 35 years old, with an average age (MEAN)

of 27.8 years and a standard deviation (SD) of 4.1. We specifically targeted individuals under 40 years old, as those

in their 40s typically begin to experience presbyopia [20]. All participants were provided with essential information

about this user study through a consent form. They took part in the study after signing the consent form. As for the

baseline eyesight criteria, because the ViXion01’s built-in tunable lenses can optically correct both nearsightedness and

farsightedness, participants were allowed to participate without wearing corrective glasses or contact lenses. Detailed

calibration regarding the fitting of their interpupillary distance and corrective focal power is described in the previous

Approachsection (3). Participants received a 1000 JPY Amazon gift card as compensation for their time.

Fig. 6. A participant wearing the tunable lens eyewear is shown with a mobile board displaying printed text moving towards them.
This setup mimics the Push-Up test commonly used in ophthalmology to measure near point accommodation. The participant’s jaw
rests on a table to minimize head displacement, ensuring consistent and reliable measurements.

Procedures: Following calibration, participants underwent (i) a baseline near point measurement, (ii) 40s, (iii) 50s,

and (iv) 60s simulation modes in total, with roughly one to two minute breaks in between each pair of conditions. The

order of these four conditions was counterbalanced. The experimental setup was situated in an art studio with artificial

lighting. Participants undertook the task one after another with a five-minute interval between each. As illustrated in

Figure 6, participants positioned their jaw on a table to limit unnecessary head movements. A board with English letters

printed in a Lorem ipsum format (nonsense text) moved toward the participant and paused when the letters became

consistently blurry, as reported by the participants. This method draws on the widely used Push-Up and Pull-Away

techniques [21, 26] in the field of ophthalmology. To avoid false positives due to blur induced by eye strain, both the

current diopter settings of the tunable lenses and the distance measured by the tunable lens eyewear’s built-in TOF

sensor were checked for accuracy.

Baseline Near Point Measurement: In establishing a baseline for evaluating our approach to simulating various

shifted near points, we use our tunable lenses eyewear in corrective glasses mode or in flat lenses mode (if normal

vision) for this baseline measurement. This decision was based on two key factors: (1) Ensure that all visual assessments

are made through the same optical system. (2) Allows us to measure the “best corrected” near point for each participant,

providing a more standardized baseline across our study population.

Part I: Results

The results of our study on optically shifted near points of accommodation for simulated age groups are presented in

Figure 7. This boxplot illustrates the distribution of near point measurements across different presbyopia simulation

modes, including the baseline and simulated 40s, 50s, and 60s conditions.
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Fig. 7. This plot includes data for the baseline (no simulation, natural near point) and simulated conditions representing optically
shifted near point of 40s, 50s, and 60s for 19 participants. Each box represents the interquartile range (IQR) with the median indicated
by the central line. Whiskers extend to the minimum and maximum values within 1.5 times the IQR. Outliers, marked with ‘x’, are
data points beyond the whiskers. The plot demonstrates a clear progression in near point distances as the simulated age increases.
Statistical analysis confirmed significant differences between all simulation modes (? � �001for all pairwise comparisons).

Our findings demonstrate a clear progression in these accommodation near point distances as the simulated age

increases: (1) The median near point for participants without simulation was 132 mm, with a range from 61 mm to 231

mm (IQR: 101-162 mm). (2) 40s Simulation: When simulating presbyopia for individuals in their 40s, we observed a

substantial shift in the near point. The median increased to 233 mm, with a range from 221 mm to 242 mm (IQR: 228-238

mm). (3) 50s Simulation: For the 50s simulation, we noted a further increase in the near point distance. The median rose

to 378 mm, with a range from 356 mm to 396 mm (IQR: 370-382 mm). (4) 60s Simulation: The 60s simulation showed the

most dramatic shift in near point distance. The median increased to 782 mm, with a range from 762 mm to 793 mm

(IQR: 779-789 mm).

Regarding statistical significance, we conducted a repeated measures ANOVA using data from all 19 participants.

Mauchly’s test indicated that the assumption of sphericity had been violated, j 2„5” = 89�7� ? � �001, therefore degrees

of freedom were corrected using Greenhouse-Geisser estimates of sphericity (Y= 0�26). The results show that there was

a significant effect of simulated age on near point measurements, � „0�78� 14�04” = 2104�7� ? � �001� [ 2 = 0�992. This

extremely high F-value and effect size indicates that the differences between simulation modes are not only statistically

significant but also substantial in magnitude. Post hoc tests using the Bonferroni correction revealed that near point

measurements were significantly different between all pairs of conditions (all ? � �001). Specifically, the near point

increased from the baseline (" = 135�0 mm, (� = 50�8) to 40s simulation (" = 231�9 mm, (� = 6�3), 50s simulation

(" = 376�6 mm, (� = 9�1), and 60s simulation (" = 781�7 mm, (� = 8�0).

4.2 Part I: Discussion

The results of our study demonstrate the robust effectiveness of our optical simulation method in shifting the near point

to the presbyopic 40s, 50s, and 60s modes. The clear progression in measured near point distances from baseline (median

125 mm) through simulations of 40s (233 mm), 50s (378 mm), and 60s (782 mm) aligns closely with the algorithmically

set patterns (Table 2) of presbyopia development [20, 54, 58]. This progression was not only visually apparent in our

boxplot (Figure 7) but also confirmed by our repeated measures ANOVA (� „0�78� 14�04” = 2104�7� ? � �001� [ 2 = 0�992).

The extremely high effect size ([ 2 = 0�992) underscores the method’s ability to produce a highly controlled, consistent,

and substantial simulation of presbyopic near point changes, validating the core mechanism of our approach. This

consistency is crucial for creating a standardized experience of presbyopia, which could be particularly useful in

educational or training contexts. Furthermore, the low variability in simulated near points across participants, including
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Fig. 8. Experimental setup and participant engagement for Part II of the study. (A-B) Experimental environment and visual stimuli,
including diverse reading materials such as posters, maps, product packaging, and instructional materials. (C-I) Actual experimental
scenes showing participants interacting with various stimuli while wearing the presbyopia simulation eyewear. Participants can
be seen examining different types of text and visual information at various distances and angles, simulating real-world scenarios
encountered by individuals with presbyopia.

those with differing baseline vision (normal vision, myopia, and post-LASIK), highlights the simulation’s reliability in

achieving the targeted effect.

The discrepancy between algorithmically determined and measured presbyopic near points can be attributed to

measurement precision, distance calculation algorithms, and the effect of viewing angle on readings. Non-linear diopter

adjustment and debounce algorithms may also contribute by moderating accommodation and filtering minor changes.

Additionally, variations can arise from the interaction between the simulated effect and the participant’s natural

accommodation ability.

While OpticalAging effectively simulates distance-dependent blur, it currently renders this blur uniformly. This

contrasts with insights from our preliminary work, where some older adults described their close-range blur experience

as involving “ghosting” or “double images” rather than simple diffusion. This suggests an area for future refinement to

enhance simulation fidelity.

Furthermore, the fixed age modes (40s, 50s, 60s) based on population averages, while effective in demonstrating

controlled near point shifts (Figure 7), may not fully capture the individual variability in presbyopia progression. This

aligns with observations from our preliminary discussions with older adults, whose self-reported functional near points

varied individually.

4.3 Part II: Subjective Experience of Simulated Presbyopia (50s Mode) During Daily Reading Tasks

To complement our quantitative measurements of shifted near points, we designed this qualitative assessment to

evaluate the subjective experience of participants using our presbyopia simulation system in daily tasks. Participants
are the same group as from Part I, they joined this part with a 5-minute break between. Regarding these task-based

assessments, specifically the reading tasks, the simulation was set to the 50s mode. This decision was based on several

key factors: (1) Progression of Presbyopia: By the 50s, presbyopia is typically well-established in most individuals [63].

(2) Significant Impact on Reading: The 50s typically mark a point where presbyopia significantly affects near vision

tasks, especially reading. (3) Relevance to Target Users: Many users of presbyopia-simulating technology are likely to be
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younger individuals or designers seeking to understand the experience of more advanced presbyopia. (4) Comparative

Baseline: For younger participants, this mode provides a clear contrast to their natural vision, allowing for meaningful

comparisons and insights into the challenges faced by individuals with presbyopia.

Procedures: Initially, participants responded to a question gauging their baseline knowledge to evaluate their prior

comprehension of presbyopia before the simulation. Afterward, they had 20 minutes to complete a range of near-vision

tasks. These tasks involved reading printed texts, engaging in smartphone activities (unlocking, checking emails,

replying to messages, web browsing, and other routine tasks), and walking while observing their environment. The

reading materials were preselected in diverse languages to reflect the different cultural backgrounds of the participants.

These included books, medicine bottles, medical instructions, food packaging, beverages, and posters within the

experimental setup, as illustrated in Figure 8. The reading materials were chosen for their importance in conveying

everyday information. For instance, the text on a medicine bottle or its specifications often details medical uses and

possible side effects, which are crucial to heed. Similarly, food packaging information, such as allergen alerts and

expiration dates, is vital in daily life. Furthermore, items like books, posters, receipts, and flyers are typical daily reading

sources. These activities were specifically chosen for their high ecological validity, representing common daily tasks

where presbyopia can significantly hinder interaction and access to information, thus providing a realistic context for

evaluating the subjective experience of the simulation. An example of the reading materials is depicted in Figure 8.

The experimenters utilized a checklist to confirm that all reading materials had been reviewed. To substantiate that

participants explored and read the items, they were required to vocalize specific information printed on each item, such

as typical medical uses and side effects from a medicine bottle or allergen warnings and expiration dates from food

packaging.

After finishing their tasks, participants answered the questions using the 7-point Likert scale questionnaire to

evaluate their comprehension of presbyopia following the use of the optical simulation method. The questionnaire

consists of seven structured questions (Figure 9) and two open-ended questions: (1) What aspect of the presbyopia

simulation did you find the most surprising or insightful? (2) What will you suggest to further improve this presbyopia

simulation approach? The questions are designed to gather additional feedback on their experiences with the simulation

system, offering qualitative insights. The responses to the open-ended questions were documented in voice recordings

with the participant’s consent.

Part II: Results

Figure 9 presents participants’ responses to the baseline question (B) about their original understanding of presbyopia

and the six questions (Q1-Q6) assessing various aspects of the simulation experience. Participants initially reported a

low understanding of presbyopia (B: " = 2�37, <4380== 2), with responses concentrated between “No knowledge” and

the midpoint of the scale.

The simulation experience yielded consistently positive responses across all measures: (1) Noticing Differences (Q1):

Participants strongly agreed that they noticed clear differences in their ability to focus on near objects (" = 5�84,

<4380== 6). (2) Increased Confidence (Q2): After the simulation, participants reported significantly higher confidence

in their understanding of presbyopia (" = 5�95, <4380== 6). (3) Empathy Development (Q3): The simulation was

highly effective in fostering empathy (" = 6�37, <4380== 6), with responses clustered at the upper end of the scale.

(4) Imagining Daily Impact (Q4): Participants found it easy to imagine how presbyopia might affect daily activities

(" = 6�47, <4380== 7), showing the highest mean score among all questions. (5) Recommendation Likelihood (Q5):

There was a strong inclination to recommend the simulation experience to others (" = 6�16, <4380== 7), although with
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Fig. 9. This figure presents boxplots showing the distribution of participant responses to a baseline question (B) and six statements
(Q1-Q6) about their experience with the presbyopia simulation. The baseline question (B) assessed participants’ initial understanding
of presbyopia before the simulation. Q1-Q6 evaluated various aspects of the simulation experience after completing tasks with the
50s simulation mode. Responses were recorded on a 7-point Likert scale. Each box represents the interquartile range (IQR) with
the median indicated by a vertical line. Whiskers extend to the minimum and maximum values within 1.5 times the IQR. Green
triangles represent mean values. The red vertical lines indicate the median for each question. Key findings include: (B) low initial
understanding of presbyopia (median = 2), (Q1) clear perceived difference in near vision focus (median = 6), (Q2) increased confidence
in understanding presbyopia (median = 6), (Q3) enhanced empathy for individuals with presbyopia (median= 6), (Q4) improved ability
to imagine presbyopia’s impact on daily activities (median = 7), (Q5) high likelihood of recommending the simulation (median = 7),
and (Q6) potential influence on future design decisions for products used by older adults (median = 5, n = 11 participants with design
backgrounds). The plot demonstrates a substantial shift from low initial understanding to high agreement across all aspects of the
simulation experience.

slightly more variability in responses. (6) Influence on Design Decisions (Q6): For the subset of participants involved

in design related domains (n = 11), the experience showed potential to influence future design decisions (" = 5�85,

<4380== 5), although with a greater spread of responses compared to other questions.

The visualization reveals a clear shift from the low baseline understanding to consistently high scores across all aspects

of the simulation experience. Notably, questions related to empathy (Q3) and imagining daily impacts (Q4) received the

highest and most consistent ratings. To assess the overall effectiveness of the simulation, we calculated a composite

score across all six questions for each participant. The mean composite score was 6.11 ((� = 0�68, <4380== 6�17),

indicating a strongly positive overall response to the simulation experience. Regarding the statistical analysis, we

conducted a Wilcoxon signed-rank test to compare the baseline understanding (Q0) with the post-simulation confidence

in understanding presbyopia (Q2). The test revealed a statistically significant increase (/ = � 3�84, ? � �001), with a

large effect size (A= 0�62).

To explore potential relationships between variables, we performed Spearman’s rank correlation analyses. Notable

correlations included: A moderate positive correlation between age and baseline understanding (AB = 0�43, ? � �05). A

strong positive correlation between empathy development (Q3) and imagining daily impact (Q4) (AB = 0�72, ? � �001). A

moderate positive correlation between noticing differences in near focus (Q1) and increased understanding confidence

(Q2) (AB = 0�51, ? � �05). Investigating the potential relationship between participants’ vision types and their perception

of the presbyopia simulation, we analyzed the relationship between participants’ eyesight and their responses to

questions Q1 through Q6, which assessed various aspects of the presbyopia simulation experience. Participants were
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Eyesight Q1 Q2 Q3 Q4 Q5 Q6

Normal 5.33 (1.53) 5.67 (1.53) 6.00 (0.00) 6.67 (0.58) 6.00 (1.00) 7.00 (0.00)

Myopia 5.92 (1.24) 6.08 (0.79) 6.42 (0.67) 6.42 (0.67) 5.92 (1.00) 5.30 (1.06)

Post-LASIK 6.00 (1.41) 6.00 (0.82) 6.50 (0.58) 6.50 (0.58) 6.25 (1.50) 7.00 (0.00)

Table 3. Mean scores and standard deviations (in parentheses) for questionnaire items Q1-Q6, categorized by participants’ eyesight
conditions. Scores are on a 7-point Likert scale, where higher values indicate stronger agreement. The eyesight categories include
Normal vision, Myopia, and Post-LASIK. This table illustrates how participants with different visual backgrounds perceived various
aspects of the presbyopia simulation experience.

categorized based on their reported vision type: normal vision (3, 15.8%), myopia (12, 63.2%), and post-LASIK (4, 21.1%).

Table 3 presents the mean scores and standard deviations for each question across the three eyesight categories.

Qualitative Feedback: Many were astonished by the level of vision impairment, especially the challenge of reading

text at distances they once considered “far away”. Participants reported physical discomfort, such as hand fatigue, from

maintaining extended reading positions. They expressed that “I feel sympathy for older individuals, my hands become sore
after holding items away for a few minutes”, “It’s especially challenging because you need to hold things far away and keep
your hands steady, which makes them sore, and it’s very frustrating when you really want to read but cannot. And since I’m
nearsighted, it’s a completely di�erent experience”. Several participants remarked on the difference between their normal

vision and the simulated experience, particularly those with myopia. The experience also triggered emotional reactions,

including sympathy, frustration, and anxiety about future vision changes, “for me, it (the experience) is very insightful,
especially concerning my future. If it will be like that, then I’m worried”. Notably, participants displayed heightened

curiosity about presbyopia, inquiring about its progression with age and possible prevention methods, “How can I
prevent, or at least delay, presbyopia? I feel anxious about the fact that everyone will be a�ected by presbyopia”.

4.4 Part II: Discussion

The findings of this part, comprising both numerical data and detailed qualitative feedback, demonstrate the efficacy of

our presbyopia simulation experience, providing a number of important insights:

(1) Signi�cant Knowledge Gain and Experiential Learning : The substantial increase in participants’ confidence

coupled with participants’ reported astonishment at the level of vision impairment, suggests that the simulation

serves as a powerful educational tool, effectively bridging the gap between abstract knowledge and embodied,

experiential understanding. The qualitative data, such as participants’ astonishment at reading difficulties,

strongly indicates a visceral learning experience that goes beyond simply being told about presbyopia’s effects.

This aligns with theories of experiential learning [37] and supports the use of simulation in medical and design

education [49].

(2) Enhanced Empathy and Perspective-Taking : The consistently high scores for empathy development (" =
6�37) and ability to imagine daily impacts (" = 6�47), along with their strong correlation (AB = 0�72), are further

reinforced by the qualitative feedback. Participants reported physical discomfort and frustration, leading to

increased sympathy for individuals with presbyopia. Comments like “I feel sympathy for older individuals, my
hands become sore after holding items away for a few minutes” and “Now I understand why they tend to put
things away while reading” demonstrate the simulation’s effectiveness in fostering emotional understanding

and perspective-taking by providing a realistic presbyopia experience. This finding contributes to the growing
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body of research on empathy in design thinking [41] and supports the use of simulations in developing empathy

among designers and healthcare professionals [13].

(3) Design Implications and Critical Thinking : The influence on future design decisions among the 11 partici-

pants with design backgrounds (" = 5�85) is complemented by participants’ reflections on design considerations.

For instance, one participant noted, “I started to think about how we should decide the sizes of the letters, which
sizes are readable for users and which are not”. This indicates the simulation may prompt critical reflection on

accessibility needs beyond simply influencing specific design choices. The moderate correlation between noticing

differences in near focus and increased understanding confidence (AB = 0�51) further supports the idea that direct

experience enhances comprehension, potentially leading to more informed design decisions.

(4) Personal Relevance and Future Concerns: The qualitative feedback revealed an emotional dimension not

captured in the quantitative data. Participants expressed anxiety about their own future vision changes, with

comments like “If it will be like that, then I’m worried,” indicating a personal connection to the simulated

experience. This personal relevance could be a powerful motivator for adopting inclusive design practices and

could be further explored in future studies. It could also be considered as a sign of increased awareness of

presbyopia.

(5) Curiosity and Preventive Health Interest : The simulation sparked curiosity about presbyopia, with par-

ticipants asking about its progression and prevention methods. This unexpected outcome suggests that the

simulation could have broader implications for health education and preventive care awareness, extending its

potential impact beyond the design field.

(6) Varied Perceptions Based on Visual Background : While no statistically significant differences were found

between eyesight categories, the trends observed (e.g., participants with vision correction experience report-

ing higher scores for noticing differences) suggest that personal visual history may influence the simulation

experience. This underscores the importance of considering diverse user groups in both the development and

application of such simulation tools.

While participants reported increased empathy, it is crucial to interpret this finding cautiously. As scholars like

Bennett & Rosner [14] and Hartman [27] note, empathy generated through simulation can be complex and may not

fully capture or might even obscure aspects of lived experience. The reported increase in empathy might reflect a

heightened awareness or appreciation of challenges, which, while positive, should primarily serve to motivate deeper

engagement with users.

4.5 (Part III) Exploratory Case Study: Evaluating Impact on Design Practice

While the previous tasks assessed the simulation’s effectiveness and subjective impact, this exploratory case study

investigated its practical application in a design context. The goal was to observe how using the OpticalAging simulation

might influence the process of creating and evaluating accessible products.

We chose the design of a medicine bottle and its label as the central task. This task was selected because it represents

a common real-world scenario where presbyopia can significantly hinder usability due to the need to handle the object,

read fine print, and access critical health information (like dosage and warnings). It effectively combines challenges in

both physical/ergonomic design and information design (layout, readability), making it a relevant and challenging task

for exploring accessibility solutions.
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Fig. 10. Exploratory case study experimental environment and design process. A) Professional designer creating the initial version of
the medicine bottle design on a computer. B) Design student evaluating their current design plan using the presbyopia simulation
eyewear. C) Professional designer performing section analysis of the bottle design. D) Rapid prototyping 3D printer used to materialize
participants’ design concepts, with the professional designer’s first prototype freshly completed on the build plate. E) Professional
designer examining the physical relationship between the 3D-printed bottle prototype and the printed label design.

Participants: Two participants were recruited, a professional product designer and a graduate design student (male,

27 years old). This pairing aimed to capture diverse perspectives, balancing industry experience with an academic

viewpoint to understand the tool’s potential applicability across different career stages and design contexts.

Simulation Mode: The 50s simulation mode was used, maintaining consistency with Part II and reflecting a common

age group for prescription medication users [34], ensuring relevance to the design task [24, 35].

Procedure: Participants first underwent the same calibration procedure as in previous tasks, using their personal

laptops in a familiar environment (Figure 10). We employed a within-subjects design with two 45-minute conditions,

separated by a 15-minute break. The first condition was always Free Design, where participants designed the presbyopia-

friendly medicine bottle and label using their preferred methods, without our presbyopia simulation. In the second

Simulation Condition, participants used the OpticalAging eyewear (set to 50s mode) to evaluate and redesign their

initial concepts. In both phases, participants could use a provided 3D printer and laser printer to prototype their designs.

We provided sample label content (medicine name, instructions). Designers considered bottle dimensions, capacity,

ergonomics, label layout, typography, and color contrast. The primary goal given to participants was to design a bottle

and label optimized for ease of use, particularly focusing on handling ergonomics and information legibility (dosage,

warnings, etc.) for individuals likely experiencing presbyopia. While standard aesthetic considerations were relevant,

functional accessibility for the target user group was the main priority. Following the tasks, participants completed a

semi-structured interview and questionnaire assessing the simulation’s ease of use, impact on design decisions, and

overall usefulness.

Although a direct comparison with other presbyopia simulation systems would be ideal, our extensive search revealed

no currently available counterparts offering real-time, distance-dependent optical see-through simulation without

requiring prior digitization of the environment (e.g., via 360
�

video).

4.6 Exploratory Case Study: Results

Free Design Condition: The designed medicine bottles and their labels are depicted in Figure 11 within the white

rectangles. For the professional designer, a trumpet-like opening was created to facilitate easier pill pouring for elderly
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Fig. 11. Comparison of medicine bottle designs with and without the presbyopia simulation approach. The top row shows the
professional product designer’s work, featuring a scaled-up bottle with a pinchable bottom and larger font sizes. The bottom
row presents the design student’s work, highlighting changes in bottle shape and label layout. Both sets of designs demonstrate
modifications made after using the optical presbyopia simulation, including increased font sizes, adjusted layouts, and ergonomic
improvements to enhance readability and usability for individuals with presbyopia.

users. Ergonomic considerations were integrated, with modifications to the bottle cap to ensure ease of opening,

considering the potential decrease in hand strength in elderly users. For the design student’s output, a generic bottle

design was used as the base, with additional grooves added to the bottle body for better grip, though these were covered

by the label. In the label design, the professional designer employed a multi-color scheme, with the medicine name

(16pt), doctor and patient indicators (8pt) in orange, and other content in black (4pt) to emphasize key information with

different visual hierarchy. Information was prioritized with the patient and doctor names given prominence for easy

identification. The design student’s label was monochromatic, with less noticeable font size differences among content

on the label when compared to the professional designer. The medicine name was 11pt while the doctor and patient

indicators were 10pt.

Simulation Condition: The professional designer’s work included a 1.2x scaled-up bottle size, label size, and font

sizes (16pt to 19pt). Additionally, there was an extra pinchable bottom design shown in the upper left of Figure 11.

Similarly, the design student’s work, shown in the bottom left of Figure 11, featured globally increased font sizes, with

the medicine name increasing to 12.5pt in bold, the doctor name to 12pt in bold, and dosage and warnings highlighted

with a yellow background and red respectively. While the bottle size did not increase under the optical presbyopia

simulation for the student’s design, as opposed to the professional designer, the size of the bottle neck and cap was

reduced for improved dosage control.

Questionnaire Results: Both the professional designer and design student initially showed limited understanding

of presbyopia (B), each scoring 2 out of 7. Figure 12 presents the complete results. The post-simulation feedback revealed

17



Conference acronym ’XX, June 03–05, 2018, Woodstock, NY Zhang et al.

Fig. 12. This figure presents the response distribution from two individuals to a baseline question (B) and seven subsequent questions
(Q1-Q7) about their experience using the presbyopia simulation method. Rectangles marked with a P represent the feedback from a
professional designer, while circles with a S signify the design student’s responses. The baseline query (B) collected initial knowledge
on presbyopia prior to the simulation engagement. Questions Q1-Q7 evaluated various aspects of the simulation experience and its
impact on the design process aimed at presbyopia users. Responses were recorded on a 7-point Likert scale ranging from 1 (Strongly
Disagree) to 7 (Strongly Agree).

high effectiveness across various design criteria. The approach was especially beneficial for evaluating and refining

visual accessibility elements (Q4), with the professional designer giving it a perfect score of 7/7. Both participants found

the method highly effective for selecting suitable typefaces and font styles (Q1), determining text sizes and hierarchy

(Q2), and improving the overall design process for presbyopic users (Q5), with ratings between 5 and 7. The simulation

also proved valuable for choosing colors (Q3) and seamlessly integrating into existing workflows (Q6). Additionally,

both participants expressed a strong inclination to use this approach in future designs for presbyopic users (Q7), with

the design student rating it 6/7 and the professional designer 5/7. These findings suggest that our simulation approach

greatly improved the designers’ capability to create accessible and user-friendly designs for individuals with presbyopia.

Qualitative Results and Insights: Emphasizing the professional designer’s expertise, the feedback revealed that

the most valued feature is the ability to instantly review the current design plan, which can greatly streamline the

design iteration process. In the conventional design approach, needs of target users, such as individuals with presbyopia,

were treated as a checklist, followed by a prolonged wait for client feedback on each iteration. Viewing from the actual

presbyopic user’s perspective enables agile iteration and improves the designer’s confidence. When it comes to design

requirements from clients or design handbooks, font size selection often follows vague guidelines like “use a font size

larger than or equal to a specified value.” With simulation eyewear, he could refine the font size and style selection

within a small range, balancing readability and density of information. The design student observed that, although larger

texts had initially been selected, the simulation effectively underscored the necessity of further font size adjustments

to better accommodate presbyopic patients. Both designers expressed that the first-person-view simulation enriched

their understanding and perception of how everyday objects might appear to their parents and design audiences. This

empathetic understanding led to a refined bottle design featuring a larger size, pinchable bottom, and reduced neck

and cap diameter for improved dosage control. The design student also highlighted a difference between monocular

and binocular viewing, noting that vision seemed much clearer (“as usual”) when looking through the simulation

eyewear with only one eye open. This difference could be leveraged to facilitate a smooth transition from normal vision
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(single-eye viewing) to a presbyopic simulation (dual-eye viewing) without removing the simulation eyewear during

design concept evaluations.

4.7 Exploratory Case Study: Discussion

Findings from this small-scale exploratory case study (N=2) should be interpreted cautiously due to the limited sample

size. However, the observations hint at several potential areas where the simulation approach might offer value to

inclusive design:

(1) Potential Empathetic Design Shift: Observations suggest the simulation could help designers shift from abstract

to embodied empathy, potentially aligning with Suri’s ’designing in a state of empathy’ by offering a direct,

albeit simulated, user experience [61].

(2) Indications of Design Process Enhancement: The immediate feedback observed in this case hints at the potential

for a more efficient inclusive product development process, though this requires validation in broader contexts.

(3) Highlighting Potential Theory-Practice Gaps: The designers’ experiences seemed to underscore possible discon-

nects between abstract accessibility guidelines and the practical challenges faced during design work involving

visual impairments.

(4) Potential Pathway for Ethical Design: The simulation might offer a supplementary tool for designers, potentially

reducing the need for very early-stage testing with vulnerable user groups, aligning with ethical research

practices that prioritize user well-being.

(5) Possible Educational Implications: The differing perspectives observed between the student and the professional

raise questions about potential benefits for bridging knowledge gaps in design education, suggesting an area for

future pedagogical research.

(6) Avenues for Technological Exploration: The observation regarding monocular viewing suggests further investi-

gation could explore ways to leverage such perceptual differences, potentially leading to improved transitions

between vision conditions or integration with AR for more immersive design systems.

Consistent with the exploratory nature of this N=2 study, the findings primarily suggest the tool can potentially aid

designers in evaluating specific visual aspects of their designs from a simulated presbyopic perspective. For instance,

experiencing difficulty reading smaller fonts firsthand prompted direct modifications in this case. However, designers

must remain vigilant against substituting this simulated check for authentic user feedback, recognizing that simulation

only captures specific perceptual aspects and cannot replicate the broader context, lived experience, or compensatory

strategies employed by individuals with presbyopia.

5 LIMITATIONS

Several limitations should be considered when interpreting these findings.

1. Inherent Nature of Simulation: A primary limitation stems from simulation itself. As highlighted by critiques

within HCI and disability studies [14, 62], simulations risk oversimplifying lived experiences, potentially reinforcing

stereotypes or substituting superficial understanding for deep user engagement. While OpticalAging simulates a specific

physiological change (near-point shift), it cannot replicate the full psychosocial impact, adaptation, or compensatory

strategies associated with presbyopia. Its use must be carefully situated within ethical design practices that prioritize

user collaboration.
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2. Simulation Fidelity: The current implementation presents limitations in its visual representation. Specifically, it

renders a uniform blur, which differs from preliminary feedback from older adults describing experiences like ’ghosting’

or ’double-imaging’ at close distances. Furthermore, the hardware currently cannot simulate astigmatism, which often

co-occurs with myopia [22, 36]. The limited visual field of the eyewear was also noted to cause some visual discomfort

and reduced immersion for participants.

3. Study Scope and Design: Our user studies have scope limitations. Simulation Modes: Parts II and III focused solely

on the 50s simulation mode. Exploring other modes (e.g., 40s for onset, 60s+ for advanced presbyopia) could yield further

insights into the condition’s progression and impact. Tasks and Duration: The exploratory case study involved a single

design task (medicine bottle) and a short duration. This limits the generalizability of findings to other product categories

or real-world collaborative design processes, which often involve teamwork, extended timelines, and specialized roles

(e.g., graphic designers, regulatory experts). The short duration also prevents assessment of the long-term impact of

using the tool on design practices or empathy development; longitudinal studies would be needed for this.

4. Case Study Generalizability: The exploratory case study involved only two participants (one student, one profes-

sional). While insightful, findings from this small sample cannot be generalized to the broader design community and

highlight the need for larger-scale validation.

6 CONCLUSION AND FUTURE WORKS

This paper presented OpticalAging, a real-time, optical see-through approach using tunable lenses to simulate the

first-person visual perspective of presbyopia. Our findings, blending quantitative near-point validation with qualitative

insights from designers, suggest that experiencing simulated presbyopic blur can significantly enhance understanding

and empathy, potentially leading to more intuitive and user-centered designs for older adults. By providing a tool to

help bridge the gap between abstract accessibility knowledge and embodied appreciation of perceptual challenges, this

work offers a step towards more effective age-inclusive design practices.

Looking ahead, the underlying tunable lens technology holds potential for simulating other visual conditions,

such as cataracts or age-related macular degeneration. Future technical developments could include user-adjustable

accommodation speed controls to further refine the simulation’s utility in rapid design evaluations.

Ultimately, this research contributes a novel tool intended to foster more compassionate and accessible design.

While technology continues to advance, tools like OpticalAging can support designers today in proactively considering

age-related visual changes. However, it is crucial to reiterate that OpticalAging should serve as a supplementary tool,

not a substitute for direct engagement and collaboration with individuals experiencing presbyopia. Insights gained

from simulation must always be validated and contextualized through user-centered research and co-design, ensuring

that technology development remains grounded in lived experience.
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