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Abstract
Purpose: The purpose was to compare systematically the legibility of a font with-
out serifs (Helvetica) and one with serifs (Times New Roman).
Methods: Three paragraphs that were equal in the number of words, syllables, 
characters, difficulty and reading length were printed at equal size, with equal 
spacing between the lines and equal layout (paperback style), in either the sans 
serif typeface Helvetica Neue T1 55 Roman (Adobe) or the serif typeface Times 
New Roman PS Roman (Adobe). They were also printed in newspaper format in the 
serif font. The paragraphs were presented in random order (Latin square design) 
to 36 participants between 18 and 38 years of age (wearing their best- corrected 
visual acuity). Reading duration was measured with a stopwatch. Reading time, 
reading speed and the number of reading errors were compared.
Results: For the paperback layout, no significant difference in reading time 
(p = 0.50) or reading speed (p = 0.56) was found between the two fonts. The corre-
lation between the two fonts was high for both reading time and speed (r = 0.93). 
The mean number of reading errors was the same (0.31 ± 0.58 errors/text) for both 
fonts. There was a significant difference in reading time and speed between the 
paperback and the newspaper layout.
Conclusion: The legibility of Helvetica and Times New Roman is similar when in-
vestigated under equivalent conditions. Thus, these two font types can be used as 
interchangeable standard typefaces.

K E Y W O R D S
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INTRO DUC TIO N

Recently, the International Organization for Standardization 
(ISO) became interested in establishing a standard for read-
ing charts, because modern reading charts have become a 

well- accepted tool for the investigation of functional near 
vision.1– 4 With regard to the efforts of the ISO to establish 
such an internationally accepted standard, there are open 
questions that still have to be answered. One such ques-
tion relates to the legibility of font types, namely is there 
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a relevant difference in legibility between common sans 
serif font types and font types with serifs, such as Helvetica 
and Times New Roman?

It is widely assumed that printed texts in serif font type 
provide better legibility.5,6 However, research concerning 
reading performance has not unequivocally confirmed this 
typographic hypothesis.7– 11 Arditi and Cho have investi-
gated the effects of three different sizes of serifs presented 
with various inter- letter spacing, using fonts that differed 
only in the presence or absence of serifs.7 Only a ‘tiny’ in-
crease in legibility in favour of serifs was found at the thresh-
old of reading acuity. However, the legibility enhancement 
was not as great as expected when the spacing between 
the letters was increased. Thus, the authors concluded that 
it is possible that the serifs had some detrimental effect 
that partially cancelled the beneficial effect of increasing 
the spacing7 (and personal communication). Morris et al.8 
found a notably faster reading speed at small letter sizes 
(40 pixels) for the sans serif version of two fonts that had 
been developed to differ mainly in terms of the absence or 
presence of serifs, but could not find a difference with big-
ger letters of 160 pixels. In a study by Akhmadeeva et al.,9 
participants read silently text paragraphs printed in 12 
point Cyrillic PT font either with or without serifs for 1 min, 
but no significant difference in reading speed was found.

Fonts with or without serifs, such as Times New Roman 
and Helvetica, differ also in the heights of their lower-  and 
upper case letters, the thickness of their stems, lengths of 
ascenders and descenders, character widths and the ratios 
of thin to thick stroke widths.8 In a number of studies, vari-
ous fonts have been compared in patients with age- related 
maculopathy (AMD) and participants with healthy eyes. 
Mansfield et al. measured the influence of font types on 
reading performance in both normal and low vision sub-
jects.12 They compared two font types with serifs: (a) the 
proportionally spaced Times Roman (three lines and 60 
characters per sentence) and (b) the fixed- space font type 
Courier (four lines and 56 characters per sentence). They 
found a small advantage of Courier over Times Roman in 
terms of reading acuity, critical print size (CPS) and reading 
speed for low- vision patients. In participants with normal 
vision, Times Roman was read slightly faster.12 However, 
the reading acuity obtained with Times Roman was lower 
than that obtained with the Courier typeface. In people 
with mild to moderate vision loss, Rubin et al.10 compared 
the reading speed achieved with four different typefaces: 
Foundry Form Sans, Helvetica, Tiresias PC font and Times 
New Roman. Initially, they found that the reading speed 
obtained with the Tiresias PC font was about 8 words per 
minute (wpm) faster than that of the other three fonts. 
However, since fonts of the same nominal point size were 
not equivalent in their actual letter size, this advantage of 
Tiresias PC was eliminated when the horizontally and ver-
tically occupied space of the letters was adjusted.10 Xiong 
et al.11 have compared five different fonts in order to deter-
mine whether there is an advantage associated with two 
new font types that have been developed for patients with 

maculopathy. In their study, Helvetica and Times Roman 
were also compared. However, no significant difference in 
reading speed between these two font types was seen in 
patients with maculopathy, in age- matched controls with 
healthy eyes or 15 young participants.

Comparing the legibility of different font types requires 
a more complex study design and may also require graph-
ical assistance because the letter sizes of different font 
types, when given in point size, represent the height of 
the metal body (body height) on which a typeface's char-
acter is mounted, and not the size of the character itself. 
Thus, letters of different font types will not be of the same 
size (x- height) when nothing is stipulated except the same 
point size. In order to achieve the best possible compa-
rability, we have now equalised the x- heights of the font 
types by using a digital microscopic measuring device 
normally used for cell biology (NIS Elements, Nikon, micro 
scope.healt hcare.nikon.com) and graphically modifying 
the  x- heights accordingly. We also equalised the text width 
and the spacing between the letters and lines.

In addition, bias caused by pre- existing significant differ-
ences between long text paragraphs has to be avoided, since 
such differences have been found to occur between long 
paragraphs even when the paragraphs have been designed 
to be as equal as possible.13,14 Therefore, for the present study, 
we used a sequence of three paragraphs (short stories) for 
which it has been statistically verified in 60 participants that 
the paragraphs do not differ significantly from each other in 
terms of reading speed and difficulty.13 These paragraphs, in 
German, have been developed to be equivalent in terms of 
sentence construction as well as in the number, length and 
position of the words. Words with the same numbers of syl-
lables were in exactly the same positions within the text. In 
addition, a Latin square design was used for randomisation.

These equalised test materials were used in the present 
study to compare the legibility of two widely used font 
types, Helvetica and Times New Roman, which represent a 
typeface without and with serifs, respectively.

Key points

• The present study contributes to the question 
of whether Times New Roman and Helvetica, 
which represent font types with or without ser-
ifs that have been typographically optimised, 
differ in legibility.

• Randomly presenting a set of three equalised 
paragraphs in paperback layout printed in Times 
New Roman or Helvetica revealed no differences 
in legibility between the two fonts.

• The study shows and discusses why Times New 
Roman and Helvetica can be assumed to be 
comparable for reading tests employing long 
paragraphs.

http://microscope.healthcare.nikon.com
http://microscope.healthcare.nikon.com
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M ETH O DS

Participants

The study population consisted of 36 persons from 18 to 
38 years of age (mean: 27.5 ± 5.74 years; 26 women, 10 men). 
All of the participants had to be native speakers of German 
and were recruited either during a routine check- up in the 
outpatient facility of the corresponding author (WR) or by 
the staff of the University Hospital St. Polten of the Karl 
Landsteiner University for Medical Sciences (BD). All partic-
ipants had to have a best- corrected distance visual acuity 
of 0.0 logMAR or better and a reading acuity of 0.0 logRAD 
or better in each eye. None of the patients had a disease 
or received any medication that could influence the results 
of the study. Individuals were invited to participate in the 
study, and all who agreed gave informed consent. All study 
procedures adhered to the Declaration of Helsinki for re-
search involving human subjects. The study protocol was 
reviewed by the ethics commission of Karl Landsteiner 
Private University for Medicine.

Test material

In a prior study, we had statistically selected two sequences 
of three paragraphs as well as eight pairs of paragraphs, 
none of which were statistically significantly different in 
terms of difficulty and reading length (reading speed).13 A 
sequence of three paragraphs, composed of paragraphs 2, 
5 and 7, was used for the present study (referred to here as 
paragraphs A, B and C). These paragraphs in German have 
been developed to be equivalent in terms of sentence con-
struction as well as in the number, length and position of 
the words. Words with the same numbers of syllables were 
in identical positions within the text. All paragraphs had 
111 words, 179 syllables and 660 characters (710 characters, 
including spaces). Each paragraph consisted of 48 one- 
syllable words, 48 two- syllable words and 15 three- syllable 
words. Each of the three paragraphs told a short story of 
differing content.

The test material was custom made by a graphic de-
signer (Figure 1). For our comparison of serif and sans serif 
typefaces, we used Times New Roman PS Roman (Adobe; 
adobe.com) as the typeface with serifs and Helvetica Neue 
(T1) Roman (Adobe; adobe.com) as the sans serif typeface. 
Paragraphs were printed in both typefaces on single DIN 
A5 pages either in the layout of a paperback book (block 
alignment, line width 105 mm) or, for the Times New 
Roman font only, also in the layout of a newspaper col-
umn (block alignment, line width 48 mm). The x- height of 
the print sizes was adjusted, with the help of a graphic de-
signer, after measurement with a microscopic measuring 
device (NIS Elements, micro scope.healt hcare.nikon.com/). 
The x- height for the paperback layout was adjusted to 
that of a paperback book with a line width of 105 mm and 
was equal to 1.57 mm for both the Times New Roman (9.55 

point) and Helvetica (8.25 point) fonts. For the newspaper 
layout in Times New Roman, the x- height was adjusted to 
that of newspaper columns with a line width of 48 mm and 
was equal to 1.74 mm (10.55 point). The space between 
lines (bottom of the lines) was kept constant at 4.04 mm 
for all layouts.

Randomisation

Randomisation was performed using a Latin- square design 
to ensure that each paragraph was read the same number 
of times in paperback layout in both the Times New Roman 
and Helvetica fonts and in newspaper layout (Times New 
Roman only). Since the main purpose was to determine 
whether there was a difference in reading speed or num-
ber of errors between the serif and sans serif typefaces, the 
newspaper layout, which was printed only in Times New 
Roman, was always read as the last paragraph. To ensure 
that in this study design, every paragraph was read the 
same number of times in each position and typeface, 12 
different paragraph sequences were necessary. Each se-
quence of the three paragraphs, printed on a single DIN A5 
page (180 grain, high- resolution paper), was put into an en-
velope (a single envelope contained all three paragraphs: 
(a) one paragraph in Times New Roman paperback layout, 
(b) one paragraph in Helvetica paperback layout and (c) 
one paragraph in Times New Roman newspaper layout). 
Thus, 36 envelopes were used for the present study (3 × 12 
sequences). The 36 envelopes were presented to the par-
ticipants in a box, and the participants were asked to take 
out any envelope they wanted. Envelopes were not used 
twice.

Reading performance

Tests were performed binocularly. The luminance was 90– 
100 cd/m2. Participants were asked to read aloud as quickly 
and accurately as possible. They were further instructed 
to read to the end before correcting any reading errors. 
Measurements of reading time were performed with a 
stopwatch by considering the initial pre- movements of the 
lips at the vocal onset (pre- phonetic strain) as the starting 
point.13,15,16 The end of the sentence was determined to be 
reached when the participant stopped reading. Reading 
speed in words per minute (wpm) was calculated on the 
basis of the number of words (111 per sentence) and read-
ing time (accuracy: 0.01 s; reading speed = 111 × 60/reading 
time). Errors were counted even when they were corrected 
immediately.13,15,16

Statistics

Statistical analyses were performed using SPSS for Windows 
software (version 21.0, IBM, ibm.com). The data showed a 

http://adobe.com
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fairly symmetric unimodal distribution. The assumption 
of a normal distribution for the mean, as required for the  
t-test, was justified (Kolmogorov– Smirnov test). The cut- off 
level for statistical significance was set at a p value < 0.05 
(two- tailed, paired).

Ethics statement

Ethical approval was provided by the ethics commis-
sion of Karl Landsteiner University of Health Sciences, 
Karl Landsteiner Medical University, Krems, Austria, from 
September 2021 for this study (EK Nr: 1021/2021).

R ESULTS

Means and standard deviations of reading time, read-
ing speed and reading errors for the paperback layout 
(Helvetica and Times New Roman) and the newspaper lay-
out (Times New Roman) are presented in Table 1, and the 
analyses of the differences in reading speed between the 
two versions printed in the paperback layout are shown in 
a Bland– Altman plot in Figure 2. For the paperback layout, 
no significant difference in reading time (p = 0.50) or read-
ing speed (p  =  0.56) was found between the Times New 
Roman PS Roman (Adobe) font with serifs and the sans serif 
font Helvetica Neue (T1) Roman (Adobe). The correlation 

F I G U R E  1  Test sheets: The paragraphs were printed on DIN A5 pages. Three text paragraphs were used: A, B and C. A- sz, B- sz and C- sz were 
printed in newspaper layout with Times New Roman (sz = Satzspiegel Zeitung); Texts A1, B1 and C1 were printed in paperback layout in Times New 
Roman; A2, B2 and C2 were printed in paperback layout in Helvetica.

T A B L E  1  Means and standard deviations (SD) for reading time, reading speed (words per minute –  wpm) and reading errors for the paperback 
layouts (Helvetica and Times New Roman) and the newspaper layout (Times New Roman)

Reading time (s) Reading speed (wpm) Reading errors

Mean SD Mean SD Mean SD

Helvetica Paperback 37.30 5.30 182.25 26.77 0.31 0.57

Times Roman Paperback 37.48 5.39 181.36 26.06 0.31 0.57

Times Roman Newspaper 38.51 5.58 176.76 26.80 0.39 0.54
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between the two fonts was high for both reading time and 
speed (r = 0.94). The mean number of reading errors was 
exactly the same (0.31 ± 0.58 errors/text) for both fonts. 
Thus, the legibility of these font types was the same when 
investigated under equal conditions such as line widths, 
letter size (x- height) and the distance between the lines.

There was a significant difference in speed between each 
of the fonts in the paperback book layout and the newspa-
per column in Times New Roman (Helvetica paperback vs. 
newspaper layout: p = 0.004; Times New Roman paperback 
vs. newspaper: p = 0.02), but the correlations between both 
the Times New Roman and Helvetica fonts in paperback lay-
out and the Times New Roman font newspaper layout were 
high (r = 0.88 and 0.99 for reading time and 0.91 and 0.91 for 
reading speed, respectively). Analyses of the differences in 
reading speed between the two versions in the paperback 
layout and the newspaper layout are shown in Figure 3a,b. 
No significant differences were seen between any of the 
three text paragraphs (short story A vs. B: p = 0.61, A vs. C: 
p = 0.97 and C vs. B: p = 0.65; 36 measurements each).

D ISCUSSIO N

In this sample of participants with normal vision, we did not 
find any significant difference in reading speed or number 
of reading errors between the sans serif Helvetica font and 
a serif Times New Roman font when participants read text 
presented in paperback book format. The two typefaces 
when presented in paperback layout were read significantly 
faster than the same Times New Roman font in newspaper 
layout, which was printed with a bigger x- height.

Whether fonts with serifs are more legible than sans 
serif fonts remains an open question.7– 11 For a text pre-
sented on a screen, it is widely believed that sans serif fonts 
are advantageous because they avoid the blurred serifs 
that result from limited screen resolution, whereas font 
types with serifs are supposed to provide better legibility 

for printed text. For printed correspondence, however, 
both serif and sans serif typefaces are increasingly being 
used. Nevertheless, the readability of typefaces depends 
on many of their attributes. Accordingly, when developing 
a serif or a sans serif pair of fonts for comparative studies 
on readability, it is not possible to simply cut the serifs off 
or take a sans serif font and add serifs.8 Thus, Bigelow and 
Holmes8 designed an intermediate style of typeface for 
the study of Morris et al.8 in which the letters fit slightly 
more tightly than in traditional serifed designs, but slightly 
more loosely than for traditional sans serif designs. In ad-
dition, the modulation of thick to thin lines of letters was 
less than that of traditional serifed designs, but greater 
than that of common sans serif designs.8 However, fonts 
that have been designed exclusively as serif or sans serif 
fonts and optimised for readability, such as Times Roman 
and Helvetica, also differ in other typographical aspects. 
For example, in Times Roman, the overshoots of round let-
ters (the extent to which the baseline and mean line are ex-
ceeded) are greater than those in Helvetica. Times Roman 
and Helvetica also differ in the heights of their lower-  and 
upper case letters, the thickness of the stems, lengths of 
ascenders and descenders, character widths and the ratios 
of thin to thick stroke widths.8

F I G U R E  2  Plot of the difference between the two versions printed 
in paperback layout (Helvetica vs. Times New Roman). The reading 
speed in words per min (wpm) plotted against the mean (Bland– Altman 
analysis; n = 36). Bland– Altman analysis revealed high agreement 
between the two versions.

F I G U R E  3  (a, b) Plots of the difference between the two versions 
printed in paperback layout and the newspaper layout in Times New 
Roman. (a) Helvetica paperback versus Times New Roman newspaper; 
(b) Times New Roman paperback versus Times New Roman newspaper). 
The reading speed in words per min (wpm) plotted against the mean. 
Bland– Altman analysis (n = 36) revealed high agreement, although the 
differences were significant.
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The two typefaces used in the present study were equal-
ised in terms of x- height, spacing and text widths by means 
of microscopic measurements that were adjusted accord-
ingly in the text layout, with the assistance of a graphic de-
signer. In order to avoid potential bias caused by existing 
significant differences between the text passages, we used 
three paragraphs that have been shown to exhibit no sig-
nificant differences in reading speed or difficulty.13 In addi-
tion, we believe that the randomisation used in the present 
study provided the best- attainable comparability, which 
was necessary to investigate the differences in legibility 
between fonts. We also did a power calculation, which was 
set to a power of 80%, calculated with a Cohen's d = 0.51 
and an alpha of 5%. Cohen's d was estimated according 
to a previous study.13 These statistical calculations meant 
that for the present study, with 36 participants, the results 
were significantly different when the mean difference was 
between 4 and 5 wpm, which represented < 0.25% of the 
standard deviation. Thus, we believe that our data repre-
sent clinically reasonable results concerning potential dif-
ferences in reading speed, reading time and the number of 
reading errors between the two font types.

Xiong et al.11 did not find a difference in reading speed, 
CPS or reading acuity between Helvetica and Times Roman 
when they presented short sentences in geometrically 
decreasing print size on a tablet screen to patients with 
maculopathy, age- matched controls with healthy eyes and 
young participants. Similarly, Rubin et al.10 found no differ-
ence in reading speed between Helvetica and Times New 
Roman in patients with mild to moderate vision loss. Thus, 
both of these studies are in agreement with our results and 
together, these studies seem to indicate that Helvetica and 
Times Roman produce comparable results in persons with 
vision loss as well as those with normal vision.

In the present study, the newspaper text was read sig-
nificantly more slowly, even though the newspaper layout 
was adjusted to the print size of newspapers, and thus 
printed in a larger font size than the paperback layouts. 
It is not unlikely that the differences we saw here in read-
ing speed and number of errors were a result of the word 
divisions (several) that became necessary because of the 
smaller text width, since Xiong et al.11 did not find such dif-
ferences with their short three- line sentences presented 
without word divisions. Our results seem to suggest that 
word divisions slow down the reading speed, which would 
lead to a recommendation that word divisions in test items 
of reading charts should be avoided, particularly when 
smaller text widths are used. Regarding the newspaper lay-
out, we should mention that the calculation of sample size 
for comparing the fonts might not have been optimised 
for comparing the two layouts. Therefore, the significant 
differences we saw between the paperback and the news-
paper layout should be considered with some caution until 
they have been verified in a separate follow- up study.

In the present study, we did not find a significant dif-
ference in the reading speed or number of reading errors 
between the serif Times New Roman font and the sans serif 

Helvetica font. However, previous studies that investigated 
the effects of serifs by using fonts differing only in the ab-
sence or presence of serifs have produced equivocal results. 
Akhmadeeva et al.9 did not find a difference in legibility 
between the serif and sans serif versions of the 12- point 
Cyrillic PT font. Arditi and Cho7 found a ‘tiny’ difference in 
favour of serifs, only at the threshold of reading acuity. But 
when the spacing between the letters was increased, the 
enhancement was not as high as expected. Arditi and Cho 
concluded that a better separation of the letters by serifs 
seems to be reduced by other aspects of the font design.7 
Morris et al. investigated font effects by means of Rapid 
Serial Visual Presentation (RSVP).8,17,18 The two versions of 
the Lucida font used in their study had been developed by 
one of the authors to differ mainly in terms of the presence 
or absence of serifs. The 27 participants read aloud serially 
presented single words resembling sentences which were 
presented on a screen in a darkened room at a distance of 
4 m. Two font sizes were presented (40 pixels and 160 pix-
els, which correspond to 4- point and 16- point for a test dis-
tance of 40 cm, respectively). This study showed a notably 
faster reading speed for the 40- pixel sans serif Lucida font 
over the 40- pixel Lucida version with serifs. For letter sizes 
of 160 pixels, this effect could not be found.8

Just as Xiong et al.11 did not find a significant difference 
between Helvetica and Times Roman for reading acuity 
and reading speed, we did not find a significant difference 
in reading acuity or reading speed in our earlier study in-
volving participants with healthy eyes who read RADNER 
Reading Charts printed in Times New Roman and Helvetica 
that had been equalised in print size.19 The RADNER Reading 
Charts use single sentences consisting of a main clause/
relative clause construction. However, in geometrically 
progressing reading charts, longer paragraphs can also 
be used.1 This raises the possibility that the length of the 
test items (sentences, paragraphs) might cause a difference 
in readability between Times New Roman and Helvetica. 
Since no geometrically progressing reading charts using 
long paragraphs were available in which the fonts could be 
exchanged and equalised in terms of print size, we used a 
set of three paragraphs of 111 words each, which had been 
shown statistically to be equal in reading length and dif-
ficulty,13 and we equated the x- height to 1.57 mm in the 
main arm of the study. However, we cannot be certain that 
our results can be generalised beyond this specific print 
size, as we had previously shown for single sentences.19 
For calibrating visual acuity results obtained with distance 
acuity charts using optotypes other than the Landolt ring 
in a psychophysical study, ISO/TR 19498:2015 and the stan-
dard of the International Council of Ophthalmology (ICO)20 
allow a difference in mean visual acuity of 0.05 log units to 
mention a set of optotypes comparable with Landolt rings. 
Since reading acuity and reading speed obtained with the 
RADNER Reading Charts were found to be equal or highly 
similar for Times New Roman and Helvetica in our previ-
ous study,19 it seems reasonable to assume that the limits 
given in ISO/TR 19498:2015 and the ICO standard20 for the 
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comparability of optotypes will also be met by paragraphs 
of about the same length as those used in the present 
study, when such paragraphs are applied to comparisons 
of Times New Roman and Helvetica in reading charts.

In many studies, reading performance has been inves-
tigated by having the participants read the test material 
aloud, which has been shown to provide reliable results for 
assessing reading speed, reading errors and reading acuity. 
Because test paragraphs on reading charts are shorter than 
those used in the present study, it cannot be excluded that, 
for longer test paragraphs, a ceiling effect (due to articu-
lation limits) can mask small differences in reading speed 
between the fonts. In our study, the test paragraphs in serif 
or sans serif fonts were presented in random order, and we 
did not get the impression that any of our participants was 
at his/her articulation limit. In addition, Akhmadeeva et al.9 
examined 238 participants with normal vision who were 
randomly selected for one of two groups: reading the text 
in either the serif or the sans serif font. Participants read 
the text silently and were asked to mark the point achieved 
after 1 min. There was no significant difference in the num-
ber of words read per minute between the two groups, 
also indicating that an articulation limit does not seem to 
interfere with the results in normally sighted participants.

Our results show that the use of Helvetica versus Times 
New Roman does not affect the legibility of text paragraphs, 
as measured by reading speed or the number of reading er-
rors. When they are equal in terms of layout, x- height and 
line widths, both typefaces are likely to represent inter-
changeable standard typefaces that can be used as norms.
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