Adjusting Typography
for Low Vision Readers

A Case Study on Distance Reading Performance

Héctor Mangas

Abstract. This research delves into a case study of applied research on typo-
graphic design, regarding the redesign of the wayfinding of France’s ophthal-
mology hospital’s. An experimental design was developed and run on a sample
of patients from the hospital with diverse visual conditions. These fell into three
groups: blurry vision (N = 15), central vision loss (N = 11), and peripheral vi-
sion loss (V = 15), as well as a control group (N = 14). The experiment tested six
typeface variations, optimised for legibility with a pilot group. These varied in
width and weight. The results demonstrate that larger letter widths have vary-
ing effects across different groups. These findings align with existing literature,
which underscores the effects of typographic variables on readability.

1. Context

This experimental research explores typographic adjustments, specifi-
cally letter width, and their impact in patients with low vision. A psy-
chophysics experiment was designed and run on 55 participants to ex-
plore these effects. Participants of the experiment were patients with
various underlying visual conditions representing three groups of in-
terests: severe blurry vision (N = 15), central vision loss (N = 11) and
peripheral vision loss (N = 15), along with a control group of normal
vision participants (N = 14). The experiment was conducted at Quinze-
Vingts Hospital, France’s national public ophthalmology hospital, be-
tween September and October of 2023.

2. Methods

In the experiment, which measured reading acuity, six variations of a
new bespoke typeface were tested. Participants were asked to fixate on
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the center of the display. Starting with a point size of 0, a string of let-
ters would grow at a constant rate from that central point of the screen,
reaching a maximum size of 250pt after 15 seconds. The task consisted
in pressing one of the buttons of the keypad as soon as reading the string
of letters was possible. Two alternating noise masks would then appear
for 0.5 seconds each, before the participant had to correctly choose the
string they had just read among three different but similar-looking op-
tions, using the remaining buttons of the keypad. The model served as a
threshold acuity experiment, based on Waller (2007).

Each participant completed 120 trials of this task. The string of let-
ters was shown in one of six typeface variations for each trial, making 20
times for each typeface variations. The order of display of these was ran-
domised for each participant. For the text stimuli, a list of 120 non-sense
4-letter strings was prepared. Three similar looking alternatives were
written for each item (e.g., for “bzix”; “bztx,” “bqix” and “bzxi” were the
three similar looking alternatives). These were created manually includ-
ing and permuting one or two easily mistakable letterforms per string.

Reaction times were used as a comparative measurement of reading
acuity. The answers to the similar-looking alternative questions were
collected and stored, but the real intention of these was to maintain at-
tention throughout the experiment. The list of strings was shown at ran-
dom, with no participant having the same stimuli order as another.

The typographic variables of each variation were broken down as
continuums of letter width, boldness and inter-letter spacing. Each par-
ticipant produced six average reaction times for each of the versions of
the typeface studied. Every average was produced after clearing the data
of outliers. Because of the repeated measures design of the experiment—
where six measurements were relative to each participant—and the non-
normal distribution of reaction times, a generalised linear mixed model
study was chosen for the analysis of regression. Model terms were tested
using the Satterthwaite method.

3. Results

When looking at all reaction times, regardless of eye disease, the regres-
sion study showed a strong effect caused by width. This did not happen
with boldness and inter-letter spacing. If participants are broken down
by eye disease, we see this effect repeating for all patient groups at differ-
ent levels. This effect is specially significant with healthy participants,
followed by participants with blurry vision. When it comes to boldness,
a positive effect can be observed for patients with blurry vision.

The findings of the present study show an advantage exerted by letter
width on reading acuity of lowercase latin text. This advantage was stud-
ied with a bespoke unpublished typeface, which show largest advantages
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at very extended letter widths of between 140-160. This advantage was
tested in four groups underlying visual conditions, each of which showed
a different effect of letter width on performance. A performance plateau
emerged after Version C (width 140) for central and peripheral vision
loss groups and after Version D (width 160) for patients with blurry vi-
sion and healthy readers. On letter boldness, we observed a positive ef-
fect on reading acuity for patient groups with blurred vision, with bolder
weight reducing reaction times. Conversely, regarding the typographi-
cal variable of inter-letter spacing, we found no significant effects on
reading acuity.

To the best of our knowledge, this is the first study to investigate
the effects of multiple typographical variables with the same typefaces
family on low vision readers with various visual deficits. The findings
demonstrate that wider letter shapes can benefit all reader groups to
varying degrees, and align with recent literature, which highlights that
typographic variables affect each reader differently.

This research fed the design process of Zed, which was developed
alongside data collection. Additionally, Zed Text is now the typeface for
Quinze-Vingts Hospital, where the experiment took place. It is currently
being implemented by Integral Designers as the wayfinding and identity
typeface. The font is expected to expand its language support beyond
Latin, with research prepared for Thai, Arabic and Armenian.

References

Arditi, A. (2004). “Adjustable typography: An approach to enhancing low
vision text accessibility”. In: Ergonomics 47, pp. 469—-482. DOI: 10.1080/
0014013031000085680.

Arditi, A., R. Cagenello, and B. Jacobs (1995). “Letter Strokewidth, Spac-
ing and Legibility”. In: Vision Science and Its Applications. Vol. 1, pp. 324—
327.

Arditi, A. and J. Cho (2007). “Letter case and text legibility in normal
and low vision”. In: Vision Research 47, pp. 2499—-2505. DOI: 10.1016/7J.
VISRES.2007.06.010.

Beier, S. (2016). “Designing legible fonts for distance reading”. In:
pp.- 75—89.

(2019). Age-Related Deficits and Their Effects on Reading. Association
Typographique Internationale. URL: https://www.youtube.com/watch?
v=dM9JsIwhEy4.

Beier, S. and K. Larson (2010). “Design improvements for frequently
misrecognized letters”. In: Information Design Journal 18. DOI: 10.1075/
idj.18.2.03bei.



712 Héctor Mangas

Beier, S. et al. (2021). “Increased letter spacing and greater letter width
improve reading acuity in low vision readers”. In: Information Design
Journal 26, pp. 73—88. DOI: 10.1075/1dj.19033.bei.

Bernard, J. B. et al. (2013). “The effect of letter-stroke boldness on read-
ing speed in central and peripheral vision”. In: Vision Research 84,
pp- 33—42. por: 10.1016/j.visres.2013.03.005.

Bernard, J.-B., C. Aguilar, and E. Castet (2016). “A New Font, Specifically
Designed for Peripheral Vision, Improves Peripheral Letter and Word
Recognition, but Not Eye-Mediated Reading Performance”. In: DOI:
10.1371/journal.pone.0152506.

Chung, S. T. L. and J. B. Bernard (2018). “Bolder print does not increase
reading speed in people with central vision loss”. In: Vision Research
153, pp. 98—104. DOI: 10.1016/j.visres.2018.10.012.

Garg, A. and S. H. Tsang (2023). “Retinal Dystrophies”. In: Microperimetry
and Multimodal Retinal Imaging, pp. 137—142. pOI: 10.1007/978-3-642-
40300-2_14.

Gary, G. E. L. et al. (1984). “Psychophysics of Reading — II. Low Vision”.
In.

Geyer, L. R. (1977). “Recognition and confusion of the lowercase alpha-
bet”. In: Perception & Psychophysics 22, pp. 487—490.

Kwon, M. Y. et al. (2017). “Slow Reading in Glaucoma: Is it due to the
Shrinking Visual Span in Central Vision?” In: Investigative Ophthalmology
& Visual Science 58, p. 5810. DOI: 10.1167/I0VS. 17-22560.

Mcleish, E. (2007). “A study of the effect of letter spacing on the read-
ing speed of young readers with low vision”. In: British Journal of Visual
Impairment 25, pp. 133-143. DOI: 10.1177/0264619607075995.

Minakata, K. and S. Beier (2021). “The effect of font width on eye move-
ments during reading”. In: Applied Ergonomics 97. DOI: 10 . 1016/ .
apergo.2021.103523.

Oderkerk, C. A. T. and S. Beier (2022). “Fonts of wider letter shapes im-
prove letter recognition in parafovea and periphery”. In: Ergonomics
65, pp. 753—761. DOI: 10.1080/00140139.2021.1991001.

Sheppard, S. M. et al. (2023). “One Font Doesn’t Fit All: The Influence of
Digital Text Personalization on Comprehension in Child and Adoles-
cent Readers”. In: Education Sciences 13. DOI: 10.3390/educscil3090864.

Waller, R. (2007). “Comparing typefaces for airport signs”. In: Informa-
tion Design Journal 15, pp. 1-15.



