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Abstract

Background: The increasing reliance on digital devices for reading and academic activities has raised concerns about how different screen types influence the accommodative system during prolonged near work.

Aim: This study aimed to compare the accommodation response of young adults when reading printed text and digital text displayed on a smartphone, tablet and computer.

Setting: This study was conducted at Universiti Teknologi MARA among 32 young adults aged 20–25 years with normal visual function.

Methods: Reading passages were presented under four conditions, namely printed text, smartphone, tablet and computer, in randomised order. Accommodation response was measured using the monocular estimation method (MEM) dynamic retinoscopy.

Results: A lead of accommodation was observed in all conditions, with significant variation across devices (Friedman test: χ2 [3] = 15.932, P = 0.001). Smartphone reading produced the greatest accommodative lead and differed significantly from printed text (P = 0.029), tablet (P = 0.005) and computer (P < 0.001). Reading with printed text, tablet and computer produced similar accommodation responses.

Conclusion: Smartphones reading induces a greater accommodative lead than printed text and larger digital displays, suggesting that smaller digital screens impose a disproportionately higher accommodative demand.

Contribution: Accommodation response during reading is influenced by both device type and screen size. These findings provide clinically relevant evidence to support ergonomic guidance on device choice, viewing distance and screen use habits aimed at reducing visual stress and digital eye strain among young adults.
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Introduction

The rapid expansion of digital technology has transformed how people work, study, read and access information. University students and working adults spend a substantial amount of time using computers, tablets and smartphones for reading and other visually demanding near tasks, with daily screen time often exceeding several hours and, in many cases, reaching levels considered excessive.1 This shift has raised concerns about the impact of prolonged near work on visual function, especially on the accommodative system, which maintains clear retinal images during close viewing.2 Prolonged digital near work has been associated with visual discomfort, headaches, difficulty refocusing and other symptoms of digital eye strain.3,4 Understanding how different reading media influence accommodation is therefore essential for both visual comfort and long-term ocular health.

Accommodation does not always precisely match the dioptric demand of a near target, as young adults may exhibit either a lag (under-accommodation) or a lead (over-accommodation) depending on task characteristics, attentiveness and viewing conditions.5,6,7 Previous studies comparing printed and digital reading have produced mixed findings.5,8,9 Some reported comparable accommodative responses when viewing distance and stimulus parameters were matched and well controlled,5,8 while others found that certain digital conditions, such as high-resolution smartphone screens, may alter accommodative behaviour.9 These inconsistent findings suggest that device type alone may not explain accommodative behaviour and that methodological differences across studies play a significant role.

Viewing distance is one of the main factors differentiating digital devices.10,11 Young adults typically hold smartphones at shorter distances than printed materials or computer screens, often at 30 cm–35 cm or less, whereas computers are commonly viewed at 50 cm–70 cm.10,12 Both accommodative and vergence demands are increased at closer viewing distance, which may contribute to eyestrain and visual fatigue more than extended, ergonomically suggested distances.7,13,14 Research has also shown that sustained digital screen use may alter accommodative parameters such as facility, amplitude and microfluctuations.15,16,17,18

The accommodative response can also be influenced by screen size and visual ergonomics in addition to distance.14 Compared to bigger displays like tablets and computers, smaller devices, like smartphones, frequently demand viewing smaller text on a compact, self-luminous display, potentially increasing accommodative and vergence effort.9,14,15 Larger devices, on the other hand, are usually viewed from farther away with larger text and a more steady posture, which may lessen the overall accommodative load.5 Reviews on digital eye strain emphasise that accommodative and vergence problems are often driven by demanding near work and suboptimal ergonomics rather than screen exposure alone.4,19

Despite growing interest in the visual effects of digital device use, several gaps remain in the existing literature. Many studies have focused on symptom-based assessment of digital eye strain and relied on self-reported discomfort, rather than direct physiological measurement.20,21 Few studies have directly compared accommodative responses across multiple screen sizes within the same group of participants, but have been limited to one or two types of digital devices.5,15,22,23 As a result, it remains unclear how commonly used reading media influence the accommodative system when key visual parameters are standardised. Accommodation response measurements, such as the monocular estimation method (MEM) dynamic retinoscopy, can offer a more accurate assessment of device-related visual demands by providing clinically relevant insight into accommodative behaviour during active near activities.24 These measurements are essential for guiding ergonomic recommendations, providing clinical advice and interventions aimed at reducing accommodative stress caused by digital reading. Therefore, the present study aimed to compare accommodation responses during reading printed text and digital text presented on a smartphone, tablet and computer among young adults. The findings provide insight into how device type and screen size influence accommodative behaviour during everyday reading tasks.

Research methods and design

Study design and participants

This within-subject, repeated-measures study design was conducted to compare accommodation responses across different reading trials. The required sample size was calculated using a web-based sample size calculator25 based on a continuous outcome, incorporating a standard deviation of accommodative response during digital device use (σ = 0.42) obtained from previous study.15 As this calculation was not based on a finite population, a population size was not specified. Therefore, 32 young adults aged 20–25 years were recruited.

Participants with mild refractive error (spherical within ± 3.00 D) and low astigmatism (< 1.00 DC) were recruited. All participants underwent visual acuity screening and were required to achieve best-corrected distance and near visual acuity of 0.18LogMAR or better (equivalent to 6/9) and N6 or better, respectively, using their habitual correction. Participants who did not meet the visual acuity criteria were excluded and referred for further optometric assessment. All eligible participants performed the reading tasks wearing their habitual optical correction. Participants were required to demonstrate normal binocular vision, assessed using near point of convergence (NPC) and amplitude of accommodation (AA) with a Royal Air Force (RAF) rule, with findings within age-appropriate normative ranges. A cover test at distance and near was conducted to exclude manifest strabismus. Participants with abnormal binocular vision findings, ocular pathology identified during ocular health assessment or a known history of ocular disease were excluded.

Reading devices

Four types of reading materials were used in this study to represent printed and digital formats with varying screen sizes. For the printed condition, participants read from a standard A4 white sheet (100 g/m2; dimensions 210 mm × 297 mm). The small-screen digital condition was represented by an iPhone X (Apple Inc., United States), featuring a 5.8-inch diagonal display with a Super Retina HD panel (1125 × 2436-pixel resolution) and a maximum luminance rating of 625 nits. The medium-sized digital display was an Apple iPad (10.2-inch diagonal; 2160 × 1620-pixel resolution; 500 nits brightness), while the large-screen condition was presented on a 13.3-inch MacBook Air laptop (2560 × 1600-pixel resolution; peak brightness 400 nits).

The general room illumination during testing was maintained at 320 cd/m2. During printed text reading trials, the luminance was set at 85 cd/m2. The brightness of the digital screen was manually adjusted and calibrated using a luminance meter (Konica Minolta, Japan) to standardise luminance at 300 cd/m2 across all electronic reading trials.

Reading trials and assessment procedures

Participants first underwent visual screening and eligibility assessment. Eligible participants were then seated in a controlled environment. Each participant completed four reading trials (printed, smartphone, tablet and computer) in a randomised order. Malay reading passages used were carefully matched for font size, content difficulty and reading duration and standardised across all reading trials.26 Participants were asked to read aloud continuously while keeping their usual reading posture. During each trial, accommodative response was measured using MEM dynamic retinoscopy while participants read continuously.

To minimise the confounding effect related to viewing distance and posture, reading distances were standardised across devices. The viewing distance for printed text, smartphone and tablet reading was standardised at 40 cm to minimise variability and enable direct comparison across conditions, consistent with previous accommodation studies.15,22 The computer viewing distance was set at 50 cm to reflect typical ergonomic usage. These settings are consistent with ergonomic recommendations for near and intermediate tasks. The purpose of this setting was to separate the effect of screen size on accommodative response than habitual viewing behaviour. All reading trials were carried out in a room with consistent illumination. To mitigate fatigue, participants were given 10-min break between reading trials, which they were instructed to look at distant objects or relax without engaging in near work.

Accommodation response measurement

The MEM dynamic retinoscopy was used in this study due to its reliable estimation in accommodative response and shows good agreement with objective autorefractor-based techniques.24,27 Furthermore, MEM was chosen for its ability to measure accommodative behaviour during a naturalistic reading task. A streak retinoscope was used to conduct MEM measurements in a fully illuminated room. The retinoscope was maintained at a fixed working distance of 40 cm for all measurements, in accordance with standard MEM procedure.24 While printed text, smartphone and tablet stimuli were presented at 40 cm, the computer display was positioned at 50 cm, with accommodative response assessed relative to the fixed retinoscope position. A string attached to the retinoscope was aligned to the participant’s right or left eye to ensure constant measurement distance across all trials.

Participants continued reading the corresponding Malay passage, while the examiner observed the reflex in the participant’s right eye and neutralised it using loose, wide-aperture trial lenses. Wide-aperture loose trial lenses were used to minimise visual disruption and maintain continuous fixation during the MEM procedure.28 The lens power that produced the first neutrality was recorded as the accommodative response. Positive values indicate a lag of accommodation, whereas negative values indicate a lead. The same procedure was repeated for the left eye. All measurements were performed by a single examiner to minimise inter-examiner variability. Accommodation response measurements were repeated twice, and the average values were used for analysis.

Data analysis

Data was analysed using International Business Machines (IBM) Statistical Package for the Social Sciences (IBM SPSS) Statistics for Mac, version 26.0 (IBM Corp., Armonk, New York, USA). No statistically significant differences were found between the right and left eye accommodation responses (Wilcoxon signed-rank, P > 0.05). Therefore, only right-eye responses were used for subsequent analysis, consistent with standard practice in accommodative research.29 Normality testing indicated a violation of the parametric assumption; hence, nonparametric statistical tests were employed. The Friedman test was chosen to compare accommodative responses across the four reading trials, followed by Wilcoxon signed-rank post hoc comparisons with Bonferroni-adjusted significance levels. Statistical significance was set at P < 0.05.

Ethical considerations

All participants provided written informed consent prior to the study, and this study adhered to the Declaration of Helsinki and was approved by the Universiti Teknologi MARA Research Ethics Committee (FERC/FSK/MR/2022/0066). Participants were anonymised and coded to ensure confidentiality.

Results

A total of 32 university students (mean age 22.75 ± 1.30 years) completed the reading trials. The majority were women (87.5%), and all demonstrated normal or near-normal distance visual acuity (mean VA = –0.01 to –0.02 LogMAR). Most participants had low-to-moderate refractive correction, with spherical values averaging approximately –0.50 D in both eyes and small amounts of astigmatism (≤ –0.25 DC). Baseline accommodative and vergence measures were within age-expected clinical ranges. The mean amplitude of accommodation was 10.4 D – 10.5 D, and the mean near point of convergence (break) was 5.69 cm ± 1.28 cm. No manifest strabismus was detected on cover tests.

Figure 1 illustrates accommodative responses across all reading conditions. The median (Mdn) accommodative response was found at the same central tendency across printed (Mdn = −1.00 D, interquartile range [IQR] = 0.81), smartphone (Mdn = −1.00 D, IQR = 1.00), tablet (Mdn = −1.00 D, IQR = 1.00) and computer (Mdn = −1.00 D, IQR = 1.38) reading conditions. The boxplots represent the median, interquartile range and overall variability of accommodative response for each reading condition, with mean values indicated by (×).
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Comparison of accommodation response between printed and digital screen reading

A Friedman test revealed significant differences in accommodation responses across the four reading conditions, (χ2 [3] = 15.932, P = 0.001). Mean rank values from the statistical test indicated a trend towards greater accommodative lead during smartphone reading (mean rank = 1.81), followed by printed (2.52), tablet (2.72) and computer conditions (2.95).

As tabulated in Table 1, post hoc Wilcoxon signed-rank tests with Bonferroni adjustment indicated that accommodative responses during smartphone reading differed significantly from printed text (P = 0.029), tablet (P = 0.005) and computer conditions (P < 0.001). This indicates smartphones imposed the greatest accommodative demand among all conditions. However, no significant differences were found between printed and tablet or between tablet and computer conditions (P > 0.05).



[image: AVEH-85-1164-T1.jpg]

Discussion

This study examined how accommodation responses vary when young adults read printed text and digital text on a smartphone, tablet and computer screen. A lead in accommodation across was observed in all four reading trials, with the largest lead during smartphone reading and the smallest during computer use. This pattern suggests a device-dependent modulation of accommodative behaviour rather than a uniform response to near work alone. The presence of an accommodative lead aligns with what is typically expected in young, non-presbyopic individuals who frequently demonstrate strong tonic accommodation, proximal cues and highly responsive accommodative systems during sustained near task.7,14,23,30 These individuals often demonstrate a tendency to over-accommodate during near tasks, especially when visual or cognitive demands increase.6,31 Importantly, accommodative lead may occur even in the presence of visual discomfort and does not necessarily indicate visual dysfunction. This distinction is critical because some research on digital eye strain relies mostly on symptom-based evaluations that do not always correspond directly to objective accommodative measurements.3,19 Thus, the accommodative lead observed in the present study reflects physiological accommodative behaviour under cognitively demanding reading conditions.

Computer reading produced the least accommodative response, which is probably due to larger screen size and longer viewing distances typically used with of computers. Ergonomics standards generally recommend a viewing distance of 50 cm–70 cm for computer tasks.11 At these distances, both vergence and accommodative demands are reduced, resulting in less strain on the accommodation–vergence system.32 This pattern is in line with studies that indicate using a computer reduces accommodative stress as compared to tasks carried out at shorter viewing distances.4,7,13 The relatively less accommodative response while reading with a computer in this study supports existing ergonomic guidelines and suggests that a larger screen display may offer a more visually sustainable option for prolonged near work.13,19

Reading on a smartphone resulted in a significantly greater accommodation response than reading printed text, a computer or a tablet. This result emphasises the disproportionate visual demand imposed by handheld and smaller digital devices.14,15 Young adults typically hold smartphones closer, often between 25 and 33 cm, which substantially increases the accommodative stimulus.15 Short viewing distances also raise vergence demand, and because accommodation and vergence are closely linked, the combined effort intensifies activation of the near triad.16,17,33,34 Studies have also supported that larger accommodative lead during smartphone reading not only increased dioptric demand, but also heightened neural drive associated with sustained attention during near work.35,36

Another key finding was that printed text, tablet and computer reading produced similar accommodative responses, with no statistically significant difference between them. This finding suggests that tablets may function similar to traditional printed materials than to smartphones with respect to accommodative demand, particularly when viewing distance and luminance are controlled.5,14,22,37 A previous study has also reported comparable findings under controlled stimulus conditions.5 In typical use, tablets and printed text are about the same size and are usually held at distances around 30 cm–40 cm.10 Tablets may therefore offer an intermediate option between smartphone and computer, balancing between portability and less accommodative stress.

Several factors may contribute to the increased accommodative response observed with smartphones. Using a smaller screen often results in reduced character size and higher visual density, which potentially could lead to more frequent and prolonged fixation, and greater cognitive load during reading.38 These visual behaviour changes may place additional strain on the visual system, thereby indirectly increasing accommodative effort.15 Digital eye strain literature consistently identifies accommodative and vergence stress as key contributors to symptoms such as eyestrain and headaches during screen use.1,4,13 Taken together, our findings reinforce important implications. Young adults with borderline accommodative or binocular function may be particularly vulnerable to accommodative stress during prolonged smartphone reading. The results corroborate clinical recommendations that promote the use of larger screens, longer viewing distances and frequent breaks to mitigate accommodative overload associated with handheld digital devices.4,19

The findings also have broader relevance to discussions about near work and myopia. Short viewing distances and intensive near tasks have been identified as environmental risk factors for myopia development and progression.39,40 Although this study did not investigate a direct relationship between accommodative response and myopia, the higher accommodative demand associated with smartphone use corresponds with behavioural patterns implicated in increased near-work load.14,35 The finding highlights the importance of device selection and viewing habits in discussions of visual health, especially among young adults who engage heavily with digital screens.

Limitations and future research

Several limitations should be considered when interpreting these findings. The study population consisted of healthy young adults with normal binocular function, limiting the generalisability to older adults, children or those with accommodative or vergence disorders. Additionally, MEM retinoscopy provides a single-point assessment of accommodative response and does not capture dynamic fluctuations that occur during sustained reading. This study also did not include subjective symptom assessment; therefore, the relationship between accommodative response and symptoms of visual discomfort or digital eye strain could not be explored. Future studies with larger and more diverse samples should incorporate objective measurements, longer reading tasks, eye-tracking measures and symptom correlation to provide further insight into device-related visual demands.

Conclusion

Accommodation response during reading varies according to device type and the size of the reading medium. Smartphones elicited the greatest accommodative response, indicating a higher accommodative demand compared with tablet, printed text and computer viewing, while computer use produced the lowest demand. These findings suggest that prolonged reading on handheld digital devices may place greater strain on the accommodative system.

From a clinical and ergonomic perspective, larger screens or printed materials should be preferred for extended reading tasks, particularly among young adults engaged in intensive near work. Collectively, the results underscore the importance of considering device type, ergonomic posture and viewing distance when advising students, educators and the public on safe and sustainable reading practices in increasingly digital learning environments.
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TABLE 1: Post hoc pairwise comparisons (Wilcoxon signed-rank test) of accommodation response between reading trials.

Reading trial | Reading trial Il Accommodation response reading trial | Accommodation response reading trial Il Z-value p-value
Median 1aR Median IR
Smartphone Printed -1.00 1.00 -1.00 094 2179 0.029*
Smartphone Tablet -1.00 1.00 -1.00 1.00 -2.808 0.005*
Smartphone Computer -1.00 1.00 -1.00 163 3534 <0.001*
Printed Tablet -1.00 0.94 -1.00 1.00 0629 0529
Printed Computer -1.00 0.94 -1.00 163 -1356 0.175
Tablet Computer -1.00 1.00 -1.00 163 -0.726 0.468

IQR, interquartile range.
*Significant, P < 0.05.
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FIGURE 1: Accommodation responses during reading across four conditions:
(1) printed text, (2) smartphone, (3) tablet and (4) computer.
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