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Low vision readers depend on magnification, but magnifi-
cation reduces the amount of text that can be overviewed
and hampers text navigation. In this study, we evaluate
the effects that font variations letter spacing, letter width,
and letter boldness have on low vision reading. We tested
20 low-vision patients with age-related macular degenera-
tion (AMD) and used the Radner Reading Chart, which
measures reading acuity (logRAD), maximum reading
speed, and critical print size. The results demonstrated a
small, but measurable effect of letter spacing and letter
width on reading acuity near critical font sizes.

1. Introduction

For people with subnormal vision, reading impairment
is a significant educational and socio-economic burden
and affects quality of life (Brown et al., 2014). Text
magnification is a standard method to support reading
for people with limited vision, but magnification comes
at the cost of a reduced overview of the body of the
text. Additionally, the task of maneuvering a printed
page or a digital screen presentation using an optical
or an electronic magnifier requires panning, zooming,

memorizing, and planning, making the comprehension
of the text itself an even bigger challenge (Szpiro et al.,
2016; Tunold et al., 2019).

In most industrialized countries, age-related macu-
lar degeneration (AMD) is the most common cause of
visual loss in people above the age of 60 years (Wong
et al.,, 2014). Its functional hallmark is the selective
loss of central vision. Low-vision readers with AMD
can benefit considerably from magnification (Legge
et al., 1985). The degree of visual acuity reduction is
important because magnified words may outgrow the
area of useful visual field and force the reader to read
segments of words rather than whole words (Fletcher
et al., 1999; Neelam et al., 2009). Additionally, visual
crowding, i.e., the interference of neighboring letters
with the identification of a given letter, increases with
eccentricity (Wallace et al., 2017). These constraints
make it vitally important that fonts are optimized
for low vision so that letter sizes can be kept at the
minimum needed for reading (S. T. Chung et al., 1998;
Virsu & Rovamo, 1979).

Several organizations for the blind and visually
impaired promote the use of sans serif fonts with even
stroke modulation, meaning that there is little contrast
between thin and thick parts of the letters, such as
Arial and Helvetica (Action for blind people, 2004;
Galvin, 2014; Kitchel, 2013). There is, however, no clearly
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traceable evidence base for these recommendations
(Arditi, 2017; Baines, 2004).

Attempts have been made to identify fonts that
are optimal for reading with low vision secondary to
macular degeneration, using the reading test MNREAD
to assess individual performance parameters (Mansfield
et al., 1996; Tarita-Nistor et al., 2013; Xiong et al., 2018).
Low vision subjects, with or without a central scotoma,
have been found to perform better with Courier Bold
than with Times Roman in terms of reading acuity,
maximum reading speed, and critical print size (CPS;
Mansfield et al., 1996). This is in contrast to people with
normal vision, where maximum reading speed was
better with Times Roman, although reading acuity was
better with Courier Bold (Mansfield et al., 1996). The
same methodology was employed in another experiment
that tested Courier Regular and Times New Roman, as
well as two additional fonts, namely Arial and Andala
Mono. It was found that Courier was associated with
better reading acuity in AMD patients (Tarita-Nistor
etal, 2013). A third experiment measured the effects
of fonts designed for MD patients (Eido and Maxular)
and fonts of more regular use (Helvetica, Times Roman,
and Courier Regular), and also showed that of all test
fonts, Courier Regular resulted in the best reading acuity
(Xiong et al., 2018).

Tarita-Nistor et al. (2013) and Xiong et al. (2018)
examined the area occupied by their test fonts by
measuring the spatial area covered by each line of text in
the sentences and the average center-to-center distance
between neighboring letters, respectively. In both cases, it
was found that increased horizontal spacing was beneficial.
Tarita-Nistor et al. (2013) found that it had a positive effect
on reading acuity, and Xiong et al. (2018) found that it had
a positive effect on reading acuity and CPS, although it had
a negative effect on maximum reading speed.

The horizontal spatial area covered by the font can be
further divided into two typographical variables, namely
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(1) letter spacing and (2) letter width. The main objective
of the present study was to identify the specific font
design parameters responsible for the apparent superior-
ity of Courier over Times in prior studies of reading
performance in people with macular degeneration.

2. Methods
2.1 Participants

Based on the previous findings by Tarita-Nistor et al.
(2013), this intraindividual comparison of font readability
was powered to have an 80% chance of detecting a
significant difference in reading acuity score between the
control font and each modified font. We tested 20 partici-
pants with AMD (mean age = 84.35 years, SD = 6.24 years,
12 women), all recruited from the Medical Retina
outpatient clinic of the Department of Ophthalmology at
the Rigshospitalet. All participants had Danish as their
first language and had no relevant competing handicap,
such as aphasia or dementia. Inclusion criteria included
having a Snellen decimal visual acuity between 0.1 and
0.5 in the participant’s better-seeing eye. Participants
used their usual spectacle correction for reading but no
low vision aids.

The study population was limited to the Snellen BCVA
range 0.1-0.5 (decimal notation) in the better-seeing eye
because (1) patients with BCVA better than o.5 have little
need for visual rehabilitation and (2) the Rigshospitalet
medical retina clinic has relatively few active patients with
BCVA worse than 0.1 in the better-seeing eye. Rare patient
types often have complex characteristics and may lead to
overrepresentation of outliers. All eyes were monitored
at regular, individualized intervals in the medical retina
clinic of Rigshospitalet for neovascular AMD activity,
and treated using intravitreal VEGF inhibitor injection
as needed to prevent or control recurrence of choroidal
neovascularization activity (Rasmussen et al., 2013, 2015).
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2.2 Test material texts, layout, procedure, and other principles of the
Radner Reading Chart.
The methodology of this study is illustrated in Figure 1 The font Times New Roman Regular' was modified
by highlighting the font parameters letter width, letter to create two new fonts. The first version was Times New
spacing, and letter boldness for Courier Bold, Courier Roman where the letter width was visually adjusted to
Regular, and Times New Roman Regular. We selectively match that of Courier Bold (TNR Width), other param-
adjusted these three variables in three separate fonts eters such as font boldness and letter spacing remaining
of Time New Roman (Figure 2). The effect on reading the same (due to the large serifs on the letters i and T
outcomes was measured in readers with moderate visual ~ these letters can appear to have additional spacing, yet
loss due to age-related macular degeneration using the they do not). The second version was Times New Roman

hamburgefontsiv

Courier Bold

hamburgefontszv

Courier Regular

W Edge-to-edge spacing
B Letter-shape width

hamburgefontsiv "

Times New Roman

Figure 1. Highlighted illustration of the font characteristics letter width, letter spacing, and letter boldness

IS NcCc a0 ucC

TNR Control TNR Space TNR Width TNR Boldness
Courier Bold Courier Bold Courier Bold Courier Bold

Figure 2. Test fonts, top row from left: TNR Control (Times New Roman), TNR Space (Times New Roman with
added letter spacing of 9o units in Adobe InDesign), TNR Width (Times New Roman redesigned with horizontal
letter proportions similar to those of Courier Bold), TNR Boldness (Times New Roman redesigned with
boldness similar to Courier Bold). The bottom row is Courier Bold
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Min morfar havde ogsa tgmt
sit handskerum, hvor vi bgrn
stadig gemte alle &bleskrog

TNR Control (Times New Roman)

Min morfar havde ogsa tgmt
sit handskerum, hvor vi bgrn
stadig gemte alle ®&bleskrog

TNR Space (Times New Roman +90 spacing unites in Adobe Indesign)
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Den mandag ville Lasse hente
sin dvergkanin, som hans ven
havde passet hele weekenden

TNR Width (Times New Roman with letter width as Courier Bold)

Den mandag ville Lasse hente
sin dvaergkanin, som hans ven
havde passet hele weekenden

TNR Boldness (Times New Roman with letter boldness as Courier Bold)

the quick brown fox jumps over a lazy dog

Courier Bold

Figure 3. Text and font specimens. The top four fonts were tested in the study

where the boldness was visually adjusted to match
Courier Bold (TNR Boldness), while letter spacing
remained unchanged. Letter width was slightly changed
only by the amount of added surface area covered by
the extra weight of the letters. In addition to this, we
included a third version of Times New Roman Regular
with added spacing in the form of 9o Adobe InDesign
spacing units, which is 9o/1000 of the font size (TNR
Space) (Figures 2 and 3). This added space both between
letters and between words. The added spacing was
visually adjusted to match the overall letter spacing of
Courier. We chose not to adopt the uneven spacing that
is inherent in a fixed-width font such as Courier because
it is generally accepted that uneven spacing makes
reading more cumbersome (Beier, 2017; Tracy, 1986;
Unger, 2018). Reading performance was compared for
each of the three modified fonts with the original Times
New Roman Regular (TNR Control).

2.3 Experimental design

For this experiment, we used the Danish version of the
Radner Reading Chart, which has 28 original sentences
(Munch et al., 2016). This chart enables measurement of
logarithmic reading acuity (logRAD), which is the reading
acuity equivalent of the logMAR unit (Radner, 2017), this
is defined as the common logarithm of the minimum
angle of resolution in minutes of arc. The Radner Reading
Chart employs scaled sentence optotypes, standardized
for syntax as well as lexical and grammatical difficulty, to
simultaneously measure both reading speed and reading
acuity (Radner, 2017). It has been found to be reliable for
clinical testing in low vision populations (Burggraaft et al.,
2010) and has been clinically tested in several languages,
including Danish (Munch et al., 2016), German (Radner
etal., 2002), Spanish (Ali¢ et al., 2008), and Dutch
(Maaijwee et al., 2008). It has further been empirically
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tested in English (Radner & Diendorfer, 2014), Portuguese
(Rosa et al., 2016), and Italian (Calossi et al., 2014).

Each participant was presented with four different
test sheets in Danish (16 test sheets in total across
participants), one for each of the font conditions. For
each sheet of 11 sentences in order of decreasing font size
from top to bottom, the top four were identical to the
bottom four on one of the other sheets; on two sheets the
top four sentences were identical to the bottom four of a
preceding sheet; and on two sheets the top four sen-
tences were identical to the bottom four of a subsequent
sheet. The test material was printed as Indigo digital
print (1625 dpi) on 200 gr. Scandia White paper. The font
size decreased in equal proportions, from the largest size
of 57.8 pt. (1.2 logRAD at 40 cm reading distance) to the
smallest font size of 5.8 pt. (0.2 logRAD at 40 cm reading
distance). The sheets were interchangeable so that the
sentences and font combination changed between
participants. The presentation of fonts followed the rotat-
ing sequence TNR Control, TNR Width, TNR Space,
TNR Boldness, the starting font varying from participant
to participant so that a given font was read first, second,
third, and last by an equal number of participants.

The research followed the tenets of the Declaration of
Helsinki and the Danish Code of Conduct for Research
Integrity. The study does not fall under the legal require-
ments for medical ethics review in Denmark and adheres
to the data protection regulations of the European Union.
Written consent was obtained after the participants had
been informed about the nature of the experiment.

2.4 Procedure

Testing took place in a well-lit room, in which a bright
reading lamp illuminated the reading chart. An audio
recorder was used to record the sessions, and the audio
recordings were used to determine the participant’s
reading speed and reading errors.
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The reading distance was determined for each
participant individually at the beginning of the testing
session. Specifically, a reading distance was selected so
that the participant was unable to fluently read more
than 80% of the third-smallest sentence on a pre-test
chart of alternative sentences set in Helvetica Neue. The
average reading distance was 32.38 cm (SD = 7.42 cm).
The test material was placed in front of the participants
on a simple lecture stand at an angle of 130 degrees with
the horizontal. Participants read binocularly and were
instructed to read every sentence aloud as quickly and
as accurately as they were able to, without correcting any
errors. The experimenter revealed the sentences one at
a time and simultaneously gave participants an auditory
one-word instruction to begin reading. Starting with the
largest print size, participants read all sentences aloud
until they could not accomplish correct reading of 80%
or more of the words in a sentence.

2.5 Data analysis

The three variables determined were reading acuity

in logRAD units, maximum reading speed in words

per minute (WPM), and critical print size (CPS) in
logRAD units. The reading acuity logRAD score for each
font was defined as the logRAD value of the smallest
font that enabled correct reading of 80% or more of

the words in a sentence, corrected for the number

of errors made while reading the smallest font size
(logRAD score = 1ogRAD + 0.005 X syllables of incor-
rectly read words; Maaijwee et al., 2008).

The reading time for each sentence was measured
from the onset of the experimenter’s signal to begin
reading, using an audio recording of the testing session
and a stopwatch. Reading speed was determined as the
number of words read correctly over the reading time.
As each sentence comprised 14 words, the reading speed
(in WPM) was equal to 14 words, minus the number of
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incorrectly read words, multiplied by 60 s, divided by
the reading time.

The maximum reading speed was determined as
the geometric mean of a plateau of reading speed
values, of which all reading speeds were within two
standard deviations of the mean reading speed of the
plateau (Mansfield et al., 1996). The critical print size
was defined as the logRAD letter size of the sentence set
with the smallest font, the reading time of which was

Participant 15
30

25
20

15

Reading time (s)

Figure 4. Radner test results of
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within the maximum reading speed plateau (Figure 4).
Both reading acuity and critical print size were corrected
for each participants’ reading distance.

Reading acuity, maximum reading speed, and critical
print size (CPS) were analyzed using ANOVA procedures
for repeated measurements of the four study fonts (TNR
Control, TNR Boldness, TNR Space, and TNR Width).
Significant effects were further analyzed using planned
t-tests, corrected for multiple comparisons using the

(Snellen o.5) recorded at presentation, 12 11
before visual rehabilitation, using

the patient’s habitual near-vision
addition. Sentences were read within
the nominal plateau time-frame

of 8.63 seconds, which defines the
patient’s maximum reading speed

of 120.68 words per minute, down

to logRAD 0.6, which defines the
patient’s critical print size. The reading

the control font from patient no. 15, 5
whose best eye had best-corrected
distance visual acuity logMAR 0.3 o

Maximum reading speed plateau
@ Maximum Reading Speed
@ Reading Acuity
@ Critical Print Size

time increased from thereon down to the smallest print size that could be read, logRAD 0.4, which represents the patient’s
reading acuity. The maximum reading speed is the geometric mean reading time within the plateau from the largest print
down to and including the critical print size. The CPS is the smallest font size at which the participant’s reading speed is within
two standard deviations of the maximum reading speed. Reading acuity is the smallest font size at which the participant

can read at any reading speed, corrected for errors
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Bonferroni method, comparing performance with TNR 3. Results

Control to performance with TNR Boldness, TNR Space,

and TNR Width and using p < .05 as the level of statistical ~ The study population of 20 AMD patients with a
significance. We were unable to determine the maximum mean age of 84.4 (range 71-95) years had a mean + SD
reading speed and critical print size for one or more fonts ~ logMAR visual acuity of 0.42 + 0.12 in the better-seeing
in three participants, as their performances were too poor  eye (Table 1).

to allow the determination of these variables.

Table 1. Characteristics of study population of the 20 patients, 10 had wet AMD in both eyes, whereas 10 had wet AMD in
one eye and dry AMD in the fellow eye

ID Age Gender Diagnosis logMAR distance visual Mean reading Mean reading Mean critical
OD/0S acuity in better-seeing eye acuity [logRAD]  speed [WPM] print size
(Snellen decimal acuity) [logRAD]

1 86 M Wet/dry AMD 0So0.5(0.3) 0.64 146.51 1.02

2 82 M Dry/wet AMD OD 0.3 (0.5) 0.29 140.59 0.95

3 80 M Wet/dry AMD 0.4 (0.4) 0.81 128.94 1.07

4 87 F Wet/dry AMD 0.7 (0.2) 0.88 47.39 1.05

5 95 F Wet/dry AMD 0S 0.3 (0.5) 0.55 117.95 1.05
6* 84 F Wet/dry AMD OD 0.7 (0.2) 0.87 44.22 1.12

7 91 F Wet/wet AMD OD 0.3 (0.5) 0.40 108.96 0.85

8 93 M Wet/wet AMD 0So0.5(0.3) 1.19 17.75 1.30
9% 80 F Wet/wet AMD 0.5 (0.3) 1.07 22.68 1.10
10 80 F Wet/dry AMD OD 0.4 (0.4) 0.55 137.32 1.02
11 83 M Wet/dry AMD 0OD 0.3 (0.5) 0.22 160.81 0.85

12 79 F Wet/wet AMD 0S 0.4 (0.4) 0.83 19.09 1.13
13* 71 M Wet/dry AMD 0So0.3(0.5) 0.52 104.72 0.99
14 88 F Wet/wet AMD 0D 0.4 (0.4) 0.99 69.93 1.12

15 93 M Wet/dry AMD 0S 0.3 (0.5) 0.47 102.49 0.88

16 80 F Wet/wet AMD 0So0.3(0.5) 0.82 110.13 1.16
17 91 M Wet/wet AMD 0D 0.4 (0.4) 0.47 114.57 1.19

18 78 F Wet/wet AMD ODo.5(0.3) 0.33 113.22 0.64
19 79 F Wet/wet AMD OD 0.4 (0.4) 0.56 109.03 0.95
20 87 F Wet/wet AMD OD 0.4 (0.4) 0.36 127.53 0.99

* Maximum reading speed and critical print size could not be defined for one or more fonts.
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3.1 Reading acuity 3.2 Maximum reading speed

Compared to TNR Control, all modified fonts showed There was no significant overall effect of font on maxi-
higher reading acuity scores in the study population, mum reading speed, F(3, 48) = 0.18, p = .912, #p” = 0.011
which reached statistical significance for the fonts (Figure 6). The correlation between TNR Control and
TNR Space and TNR Width, whereas the effects of the modified fonts was rs(17) = .78-.83, p < .004, and thus
modifications made in the font TNR Boldness did not lower than for reading acuity.

reach significance. In repeated-measures ANOVA we
found a significant effect of font on logRAD scores,
F(3,57) = 2.90, p = .043, #p” = 0.132 (Figure 5). Pairwise
comparisons can be found in Table 2. The correlation
between TNR Control and modified fonts was high,
rs(18) = .97-.99, p < .o01L.

A TNR Boldness

— 14 ® TNR Space
s © TNR Width
a
a

1.2
3 L
o
2 I g
g 7 A
L Ag .
o " Fi . | di .
2 [% igure 5. Binocular reading acuity
‘g o8 score in log RAD units (o = Snellen 1.0,
= 1= Snellen o0.1) for modified boldness,
-g‘ 0.6 el space, and width of the standard Times
b o s’¥ New Roman font in relation to the
2 2 % standard Times New Roman Control font
E 0.4 . in 20 patients with age-related macular
e« ] degeneration. Markers on the dashed

09 . [ identity line represent no change. Markers
’ below the identity line represent better
§ performance of the modified font than
ol the control font, markers above the
° 0.2 04 0.6 08 1 12 14 identity line represent worse performance
Reading acuity with TNR control font [logRAD score] than the control
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Table 2. Reading acuity, maximum reading speed and critical print size in relation to font type

Font Bonferroni-corrected two-tailed paired Mean reading Mean maximum Mean critical print
samples t-test between mean reading  acuity [logRAD] (SD) reading speed size [logRAD] (SD)
acuity for TNR Control and test fonts [WPM] (SD)
(n=20) (n=17) (n=17)
TNR Control - 0.66 (0.27) 104.69 (47.71) 1.00 (0.27)
TNR Boldness t(19) =1.35,p>.580,d =0.30 0.65 (0.28) 102.71 (42.64) 0.95 (0.27)
TNR Space t(19) = 2.65, p =.048, d=0.59 0.63 (0.29) 103.30 (42.42) 1.06 (0.28)
TNR Width t(19) =2.63,p =.0497,d =0.59 0.63 (0.27) 106.30 (43.42) 1.04 (0.19)
200 A TNR Boldness
TNR Space
7 © TNRWidth
5 .
£
E 150 %
g ’ NP
5 A A
-‘g e o N
S .
p o AA
f= -
(<} b4 . . . .
5 oo ° A Figure 6. Binocular maximum reading
& N speed in words per minute for modified
3 boldness, space, and width of the
_E N standard Times New Roman font in
= relation to the standard Times New
o 50 e Roman Control font in 17 patients with
= N A age-related macular degeneration.
Markers on the dashed identity line
..-'2 represent no change. Markers above the
o identity line represent better performance
o 50 100 150 200 of the modified font than the control font,
markers below the identity line represent
MRS with TNR control font [words per minute] worse performance than the control
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5 A TNR Boldness
® TNR Space
® TNR Width
13 (] '. °
a
%\ o ° ° ’ hd
S p‘
'g 11 A ° 4 l o°
b Lo Figure 7. Binocular critical
& ° print size in log RAD units
-§_ [ ] . . (o =Snellen 1.0,1=Snellen 0.1)
£ oo N for modified boldness, space,
H a7 and width of the standard Times
£ " e New Roman font in relation to
) o A the standard Times New Roman
A . Control font in 17 patients with
0.7 - age-related macular degeneration.
Markers on the dashed identity
R A line represent no change. Markers
) below the identity line represent
05 L better performance of the modified
0.5 0.7 0.9 1.1 13 15 font than the control font, markers
above the identity line represent
CPS with TNR control font [logRAD] worse performance than the control
3.3 Critical print size 4. Discussion
There was no significant overall effect of font on mean This study found that, although relatively small, there is a
critical print size, F(3, 48) = 0.93, p = .432, §p” = 0.055 significant improvement in reading acuity with increased
(Figure 7). The correlation between TNR Control and spacing of letters (TNR Space) and wider letters (TNR
modified fonts was rs(17) = .14-.55, p < .571, and hence Width). We also showed that there were no systematic
lower than for both reading acuity and maximum effects of the choice of font on reading speed or critical
reading speed. print size as measured in this study.

10
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4.1 Isolating font variables

It is a common approach among reading researchers to
compare the performance of fonts belonging to different
font families. Various methodological approaches have
been applied to compare the legibility of different fonts
in people with normal vision in relation to maximum
reading distance (Philip M Garvey et al., 2001; Phillip

M Garvey et al., 2016; Smuc et al., 2007; Waller, 2007),
reading speed (Bernard et al., 2001; Soleimani &
Mohammadi, 2012; Yager et al., 1998), short-exposure
reading (Kingery & Furuta, 1997; Pu$nik et al.,, 2016),
and reaction times in lexical decision tasks (Dobres

et al., 2015). However, the test fonts often vary on so
many visual parameters, that it is difficult to identify

the specific feature that drives a given difference in
performance between fonts (Beier, 2016). Isolation of a
given variable requires manipulation of this variable only,
while the others are kept constant. When researchers

are able to alter the test fonts so that only one variable

is changed, they may succeed in identifying the effect

of specific typographical features such as serifs (Arditi

& Cho, 2005; Beier & Dyson, 2014; Morris et al., 2002),
letter skeleton (Beier et al., 2018; Beier & Larson, 2010;
Larson & Carter, 2016) and letter boldness (Beier &
Oderkerk, 2019b). The present experiment employs this
methodological paradigm to demonstrate that isolated
font variables alone can induce significant differences in
reading acuity in AMD patients. However, this approach
can be challenging as typographic variables tend to inter-
act (Beier, 2016). This became evident while we designed
the new test fonts for the present experiment. When we
adapted the serif style of Courier to Times New Roman,
it resulted in visibly wider letter spacing for some letters,
and when we added boldness to Times New Roman
Regular, it resulted in wider letter shapes and smaller
letter counters. Complete isolation of typographic
variables within legibility research is not always possible,
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but demonstrated here, the approximate isolation of
variables can provide new knowledge that is difficult
to gain from the font comparison paradigm alone.

4.2 Letter boldness

For participants with normal vision, multiple experi-
ments have shown positive effects of letter boldness

for text emphasis (Bateman et al., 2008; Dyson & Beier,
2016), small font sizes (Beier & Oderkerk, 2019b; Sheedy
et al., 2005), and low luminance conditions (Burmistrov
et al., 2016). However, our findings failed to show that
letter boldness improves low vision reading. This follows
the findings of a previous study which showed no
difference in low vision reading speed between different
font weights of Courier, similar to the font weights of our
study (Chung & Bernard, 2018).

4.3 Horizontal area

Xiong et al. (2018) demonstrated that fonts that cover a
greater horizontal area slowed down reading speed but
improved CPS and reading acuity in AMD patients, and
similar results were found in older subjects with normal
vision (Beier & Oderkerk, 2019a). The greater horizontal
extent can be based either on greater letter spacing or on
wider letter shapes. By isolating the two font variables
and comparing these with Times New Roman (TNR
Control), the outcome of the present study suggests that
the reason why Courier has frequently shown better
reading acuity in AMD patients relates to its wider letter
shape and greater letter spacing.

These two variables are apparently strong enough,
independently, to yield significant, albeit relatively minor,
performance improvements. Greater letter spacing and
greater letter width both occupy more horizontal space.
Traditional magnified fonts are scaled proportionally
and therefore take up both more vertical and horizontal
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surface area. Our findings indicate a positive effect of
fonts that only take up more horizontal surface area.

Since the early days of printing, type founders knew
that fonts need certain visual features to maximize
reading acuity. Fonts were created in physical sizes,
meaning that the type founder could design each font to
the physical size it would be printed in, which allowed
for optical scaling between sizes. The tradition was to
create smaller font sizes with wider letter shapes and
larger letter spacing. In addition to this, there was a
tendency for smaller font sizes to have larger x-height
(the letter part that has a vertical height identical to the
lowercase ‘X’) and lower contrast between thin and thick
parts of the letters (Ahrens & Mugikura, 2014; Carter,
1937). Our results validate the font design tradition of
producing smaller font sizes of greater letter spacing and
wider letter shape for low vision reading.

4.4 Letter spacing

It is a well-described phenomenon that greater letter
spacing minimizes the effect of visual crowding, i.e., the
reduction of letter recognizability which occurs when
a letter is flanked by one or more other letters (Bouma,
1970), especially in the peripheral visual field where
many patients with macular degeneration are forced
to read. As AMD patients often depend on their visual
periphery for reading, this could explain the improved
performance with wider letter spacing. However, others
have demonstrated great variation in AMD participants’
performances when investigating the effects of letter
spacing and letter size, finding greater letter spacing
not to be equally important for all AMD patients
(Chung, 2014).

Our results follow previous research on normal
vision participants, which demonstrated that increased
letter spacing benefits visual acuity (Hess et al., 2000;

12
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Liu & Arditi, 2001). Likewise, it has been shown that

for people with normal vision, increased letter spacing
accelerates reading of small fonts, but not large fonts
sizes, it does not do so for larger font sizes (Arditi et al.,
1990). This could explain why we failed to find any effect
of increased letter spacing on reading speed, since the
majority of the paragraphs read were at sizes above
critical print size.

4.5 Implications of the results

A methodological limitation of the experiment is
that the Radner Reading Chart only has 28 validated
sentences. There is a risk that the repeated sentences
between larger and smaller font sizes could have
influenced the results; however, the limitation was
identical across conditions.

It is encouraging that both letter spacing and letter
width could be seen to have positive effects on low vision
reading when isolated. The effects found in this study
were of minor magnitude, but so were the changes that
were imposed on the font. This choice was driven by
the key premise of guiding the selection and design of
new fonts for low vision reading. Our results provide
new information for designers that can potentially be
implemented in user-driven reading applications, on
medicine labeling, street signage, vehicle displays or any
other context where reading errors need minimization.
Communication for the visually impaired is becoming
increasingly multimodal, offering visual, auditory, and
tactile input, and providing adaptive user-controlled
adjustments, which can potentially allow for infinite
presentation options. To avoid ineffectiveness, one needs
to know how to prioritize. Our study is a contribution
to this development.

Previous research has found a wide variation in
reading rates between different groups of low-vision
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readers, with 64% of the variation being attributable to
the distinction of intact central fields versus central field
loss and excessively cloudy versus clear ocular media
(Legge et al., 1985). Thus, an interesting follow-up experi-
ment should include a larger pool of visual impaired
participants with diagnoses other than AMD.

5.Conclusion

The reading acuity of AMD patients with low visual
acuity improved with wider letter shapes and wider letter
spacing. Within low vision rehabilitation, the findings
support the need to change the paradigm away from the
recommendation of specific fonts to the recommenda-
tion of font characteristics. This may promote informed
choices between presentation options and faster develop-
ment of new presentation modalities.
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