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Abstract     
The Latin script has a vertical stripe pattern in it, which is known to cause 
visual discomfort. This study started from the hypothesis that a lower stripe 
pattern could result in better visual comfort than a taller stripe pattern.  
I evaluated this hypothesis with several letterforms and their correlating 
stripe patterns, tested in four independent tests: a ranking test, reading 
progression, measuring neurological response, and measuring eye 
movements. The results provide some indications that taller stripe patterns 
are less comfortable, but those results were mostly outside the range of 
common letter sizes for reading texts. Also, results for letterforms and plain 
stripe patterns differed. The results suggest that multiple design parameters 
influence reading comfort simultaneously, and that ‘the number of design 
details per surface’ is a design parameter that could play an important role in 
determining reading comfort. This needs to be evaluated in further studies.

Keywords
Reading Comfort, Lower Stripe Patterns,  
Number Of Details, Optimising Design Parameters
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1. Research Introduction
Letters play a game of black and white, forming a 

repetitive stripe pattern through the repetition of black strokes. It is 
generally known that stripe patterns could be uncomfortable to look at, 
possibly arousing illusions of color, shape, and motion (Wilkins, 2012).

		  The effects of the stripe patterns are indicated with 
the term ‘visual discomfort’, the ‘the subjective adverse effects encountered on 
viewing certain stimuli’ (e.g. O’Hare & Hibbard, 2013). In the context of 
research into the stripe patterns within text, I propose to use the term 

‘reading comfort’, which is an existing word in the Dutch language: ‘leescom-
fort’. It is applicable to processing visual information and is commonly 
applied to indicate a concept as ‘the best possible circumstance for reading’ 
(see: Vivlio, 2020; Sensotec, 2020; Denksport, 2020; Amazon, 2020; De 
Standaard, 2006). Because the term is not mentioned in the most important 
Dutch dictionaries, (Van Dale, 2015; Nederlandse Taalunie, 2001), I propose 
the definition: ‘The ease with which visual information can be processed.’

While processing info, ‘reading comfort’ is 
influenced by several factors such as the text layout (set with a clear 
structure, the amount of visual comfort aroused…), the content (including 
the already acquired knowledge/foreknowledge of the reader, being 
acquainted to the topic), technical aspects of writing (is it well-written), the 
working of the brain (learning disabilities, brain injuries…), the environment 
(disturbing noises)… (this list is extended from Duin, 2013). In my definition 
of reading comfort, an easy processing of information correlates with a  
high comfort.

		  There is not much information about the relation 
between the stripe pattern in letters and their reading comfort. Stripe 
patterns are present in two directions: horizontally through the lines of text 
(e.g. Wilkins, 2012) and vertically through the vertical strokes in the letter 
shapes (e.g. Wilkins et al., 2007). In text, stripe patterns can hinder readers 
sensitive to visual stress such as readers suffering from migraine (Wilkins, 
2007), and can cause epileptic seizures (Harding et al., 2017; Wilkins, 2012). 
Stripe patterns in common visual input (TV broadcasts, games) are 
regulated to avoid such negative effects (British Independent Television 
Commission, 2001). But regulation does not exist for letters, even though 
stripe patterns are an inherent part of Latin letterforms.

		  Regarding the stripe pattern, earlier research on 
letterforms focused entirely on the horizontal and unequal distribution of 
the stripe pattern, but none focused on taller letters. This is a pity. Several 
letters from the Latin alphabet are bound to their strong one-directional 
pattern, but the height of the stripe pattern just happens to be an indepen-
dent design parameter which a designer can change easily. Other param-
eters of the stripe patterns that can be changed are the space between the 
vertical letter strokes and their thickness. Even more, each individual letter, 
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each typeface, each font (a variation on one typeface) and each individual 
letter already possesses a stripe pattern of its own. For instance, a bold font 
has a smaller distance between the vertical strokes and thicker vertical 
strokes than the light font within the same typeface. Designers and 
researchers did experiments on the horizontal distance between vertical 
stripes. It came forward that words with a rigid stripe pattern take a longer 
reading duration than words with a less rigid stripe pattern such as present 
in rounded letters, such as the word “mum” versus the word “dad” (Wilkins  
et al., 2012; Jainta, Jaschinski & Wilkins, 2010). A less evenly spaced stripe 
pattern improves legibility for children with a visual impairment (Bessemans, 
2012) and increases the speed of word recognition (Wilkins et al., 2007). 
However, there are also parameters which a type designer cannot change. 
For example, in an experiment (not involving letters) from Pennachio and 
Wilkins (2015), viewers favor visual input wherein the stripe pattern is set  
up in several (overlapping) orientations. But applying this to letters would 
limit the letters’ legibility and would look very sloppy.

Studying the stripe pattern in letters has the 
purpose of increasing the ‘reading comfort’. In earlier studies, the stripe 
pattern was defined as ‘the component strokes’ or as ‘the sequence of 
strokes’ (Bessemans, 2012; Wilkins et al., 2007). This does not clarify the  
exact position of the stripe pattern in letters [also named the rhythm]; 
and specifically, not its height. A clear definition was needed to continue. 
The following definition was considered viable: ‘The rhythm in type is the 
sequence of the longest continuous black masses within the letters, in any 
direction’ (Renckens, 2020). This definition consequently positions the stripe 
pattern, starting from above the bottom serifs if present, up to the letters’ 
counter forms (the white). Based on this definition, the stripe pattern has 
several different occurrences in different letter shapes [Figure 1]. On those 
differences on which this study focusses.

2. Hypothesis and Research Setup
To improve the reading comfort of letters, more 

knowledge about the effect of the stripe pattern in letters on the reading 
process is needed. The current study primary focuses on how reading 
comfort is influenced by taller stripe patterns. A secondary focus is on how 
more condensed and less evenly spaced stripe patterns influence reading 
comfort. This study starts from the following paradigms:

1     It is known that stressful visual information results in a changed neuro-
logical response, including spiked waveforms (Wilkins, 2012). 
This causes visual discomfort when visual stimuli provoke an 
extremely strong neural response (O’Hare & Hibbard, 2011). 
Taller and more condensed stripe patterns are more promi-
nent, which could result in more neurological response.
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A. The presence of serifs is a design parameter that in�uences the total height of the rhythm. 

nnnnSans serif,
longer stroke

Sans serif,
longer stroke

Serif,
shorter stroke

Serif,
shorter stroke

abcdefghijklmnopqrstu

abcdefghijklmnopqrstu
abcdefghijklmnopqrstu

abcdefghijklmnopqrstu

B. Serif typefaces are not evenly spaced, and sans-serif typefaces are even less evenly spaced.

nnnnnnnn
iiiiiiiiiiiiiiii

More space between
letters than within

Less space between
letters than within

Evenly spaced

Stripe pattern
of a serif typeface

Stripe pattern of a 
sans-serif typeface

Less space between
letters than within

C. The distance between the di�erent strokes in the same letter depends on the design and is not 
necessarily equal. Left: Convey Serif, Right: Times New Roman and Verdana.

D. An equal number of vertical stripes in di�erent letters is not necessarily progressing equally.

i         The height of the stripe pattern is taller in sans-serif typefaces [Figure 1a].  

This is because serifs shorten the vertical stripes (Renckens, 2020);

ii         The stripe pattern is more condensed in some letters of sans-serif typefaces than 

within the same letters of serif typefaces [Figure 1b]. This is because serifs require 

additional space between the letters, in order not to touch each other.

iii         The stripe pattern in a serif typeface is more evenly spaced and the stripe pattern in 

a sans-serif typeface is less evenly spaced, but neither are completely evenly spaced 

[Figure 1b]. This is again because serifs require additional space between the letters, 

in order not to touch each other.

iv         For letters with a vertical stroke, the space between consecutive letters is in most 

cases smaller than the space within letter shapes [Figure 1c].

Stripe patterns differ between  

several typefaces and letterforms. 

f i g u r e  1 : 

2     A taller stripe pattern has more vertical distance from top to bottom. 
Therefore, it could cause more eye closures and require more 
time before a line of text is scanned with the eyes than a 
smaller stripe pattern.
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3    Crowding (a limited recognition of objects further away from the eye’s 
fovea due to neighboring objects close by) relates to closely 
spaced contours (Jainta, Jaschinski & Wilkins, 2010). Therefore, 
it could be that horizontally more condensed stripe patterns 
in sans-serif typefaces require more time before a line of text is 
scanned with the eyes than the less condensed stripe pattern 
in serif fonts.

4    The effects from (1), (2) and (3) could cause a less efficient reading 
progression, resulting in a slower reading pace.

Based upon the paradigms, the hypothesis is 
stated that “taller, less evenly spaced, and more condensed stripe patterns 
could be less effective for the reading comfort.” If the hypotheses could 
be confirmed, this research will not only provide guidelines for type 
design with more reading comfort but could also contribute to answer the 
frequently asked question ‘which is better: a serif or sans-serif typeface?’,  
for as far as a simple answer can ever be provided on this question.

In this study, the hypothesis is tested with four 
tests, each focusing on a different methodology and with different research 
questions (discussed later). The basis for all tests is the typeface “Convey,” 
designed for reading text by the author and adjusted to contain a total of  
19 different fonts [Figure 2]. Some of these fonts contain letters, while  
others represent the stripe pattern within the letters.

The main difference between the fonts is the 
height. The number for each font’s name refers to certain measurements 
used in type design (UPM, Units per Em). All fonts containing letters are 
designed to respect internal and external research validity. This means that 
on the one hand, only one parameter changes (the height of the stripe 
pattern), ensuring that valid comparisons can be made, but on the other 
hand, each font is individually re-designed instead of just being vertically 
scaled. This avoids disproportion and ensures that the fonts are suited for 
real-life reading materials. Some special fonts were added: a horizontally 
evenly spaced stripe pattern {R700reg} and two ‘700-extra’ fonts, fonts with 
a strikethrough {Rsans700_mid and Rserif700_bot}. Those ‘700-extra’s’ do 
not refer to letterforms but serve to test the visibility of stripe patterns when 
they are shortened by an interruption.

Because not all letters of the Latin alphabet 
possess the same stripe pattern, the test materials of this research mostly 
focus on the letters {nmiu}, which contain straight strokes. For some tests,  
additional letters are required. Those will be described in the chapter about 
the test itself.

In all test materials, attention is paid to how the 
multiple text lines were set. It is known that lines of text also form a horizon-
tal stripe pattern, possibly causing visual discomfort. It is known that readers 
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prefer more line spacing in the layout (Wilkins & Nimmo-Smith, 1987). In the 
testing materials for this research, text is set with a slightly larger leading 
(130%) than the often-used default (120%). That extra spacing ensured that 
the fonts with a larger x-height did not come too close to each other. This 
line height of 130% was kept throughout this whole research.

For this research, most participants are random 
students at the university where the lab is situated. Some participants who 
couldn’t make their way to the lab participated at another place in the 
tests 1 and 2, because those tests didn’t require the eye tracking camera or 
the EEG-cap. A fee was paid for participating, independent of the answers 
on the tests. The only requirement for participants is that they needed to 
have normal or corrected to normal eye vision. Regarding the language, 
non-Dutch speakers are excluded from the reading aloud test; but could 
participate in all other tests. Learning disabilities are not a base for exclusion 
but are registered and added to the database for analysis in possible follow-
up studies.

Cserif540

Cserif440

Cserif360

Csans540

Csans440

Csans360

minimum

minimum

minimum

minimum

minimum

minimum

Rserif540

Rserif440

Rserif360

Rsans540

Rsans440

Rsans360

minimum

minimum

Rserif700minimum

Rserif700_botminimum

Rsans700_mid

700-extra

minimum

minimum

Rserif150minimum

minimum

minimum

Rsans700minimum

R700reg

minimum

Rsans150minimum

All 19 fonts of the typeface ‘Convey’  

(a ‘font’ is a variation on a typeface). 

The number indicates the height,  

with the number 440 correlating with  

a common x-height.

f i g u r e  2 : 
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3. Test 1: Ranking According To Visual Comfort
	 3.1. Test 1: research questions

1      Is a taller stripe pattern in text perceived as less favorable to look at, 
compared to lower stripe patterns?

2      Is a more condensed and more unevenly spaced stripe pattern  
in text perceived as less favorable to look at, compared  
to wider stripe patterns?

	 3.2. Test 1: research materials
For the first test, the fonts from Figure 2 are set in 

the word minimum, in a 5x5 grid [Figure 3]. All 19 fonts are printed on sepa-
rate papers in high definition. The 13 fonts with stripes form the first series 
and the 6 fonts with letters form a second series.

	 3.3. Test 1: methodology
A total of 51 persons participated in this test. For 

this test, participants were first asked to rank the 13 sheets of paper 
containing stripe patterns, and thereafter to rank the 6 sheets with letters. 
There was no time limit on the test.

		  All sheets were put on a table by the researcher in 
a random way, not in a straight line, so participants didn’t receive a clue 
about the expectations of the research.

Test materials for test 1 consisted of  

13 papers with different stripe patterns 

and 6 papers with different letters.

f i g u r e  3 : 
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	 3.4. Test 1: data collection
Participants were asked to rank the stripe patterns 

from most comfortable to look at to the least comfortable to look at. If  
a participant found this terminology confusing, the questions were re- 
phrased as “Which ones could you easily look at for a long time” and/or 

“Which ones hurt your eyes.” After the participant ranked the stripe patterns, 
a conversation was started about the order of the stripes. Some parti-
cipants told me that they tried to read the stripe pattern or made certain 
associations with it, which was obviously not the intention: some recog-
nized the word ‘minimum’ in it, others preferred the strikethrough pattern 
because it looked like the drawings on a prison wall. In those cases, when  
a participant clearly diverged from the intention, those participants were 
asked to do the test again concentrating on the feeling the stripe pattern 
provided them. In case a participant said that some stripe patterns were 

‘clearer’ than others, they were also asked what they meant. In most of those 
cases, participants then replied that they could read the stripe patterns 
better. Those participants were also asked to do the test again and to 
concentrate on their feelings.

		  After the stripe patterns were ranked, participants 
were asked to rank the 6 sheets with the letters from the most comfortable 
to read to least comfortable to read. The assignment was clarified with the 
explanation “try to imagine you need to read a very long text with each 
typeface. Which one would you prefer in that case?” 

	 3.5. Test 1: results
The following tables all illustrate the results from 

more comfortable’ (left) to ‘less comfortable’ (right). Tables 1 and 3 list the 
fonts individually, tables 2 and 4 groups them per similar height plus the 

‘700-extra’s’ separated. The expected place of each font in the ranking is  
indicated by a border. Lighter background colors indicate that the font is 
often ranked in this position. The lower fonts were ranked more often as 

‘more comfortable’ (left), the taller fonts were ranked more often as ‘less 
comfortable’ (right). Notice that the ‘700-extra’ fonts were ranked as the  
least comfortable to look at.

	 3.6. Test 1: analysis
A Friedman test was used for the analysis of the 

difference in the ranking of the fonts by the participants with α=0.05.  
A rejection of the null hypothesis means that the ranking of at least one  
font is different.

		  A post-hoc paired comparison of the ranking of 
the fonts via the Eisinga exact test with α=0.05 corrected with the 
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Bonferroni method compares if the ranking of each pair of the fonts is 
different and allows the identification of the differences in the fonts in 
combination with the summed ranks. A rejection of the null hypothesis 
means that the ranking of at least one font is different.

		  The Friedman test resulted in p-values of <0.0001, 
meaning that there is a difference between the ranking of the fonts. The 
mid-rank is used to rank the aggregated groups.

Analyzing the 13 fonts with stripe patterns

Rserif150 and Rsans150 are ranked statistically significant more often as 
‘most comfortable’. Ranking the fonts by the summed rank over the subjects 

For the individual stripe patterns, participants ranked the smaller stripe pattern as more comfortable (left) and taller 

stripe patterns as less comfortable (right); but the results are not always very distinct and the two ‘700-extra’ fonts are 

ranked the least comfortable, against the expectations. Each stripe pattern had 51 occurrences.

Also, when grouped per similar height, participants ranked the smaller stripe pattern as more comfortable (left) and 

taller stripe patterns as less comfortable (right); but the two ‘700-extra’ fonts are ranked the least comfortable, against 

the expectations. Each stripe pattern had 102 occurrences, except for the 700’s which had 153 occurrences in the group.

Participants ranked the middle size letters {440} as most comfortable (left) and the {360} and {540} sizes as less 

comfortable (right). Each font with letterforms pattern had 51 occurrences.

Also, when grouped, participants ranked the middle size letters {440} as most comfortable (left) and the {360} and {540} 

sizes as less comfortable (right). Each stripe pattern had 102 occurrences.

t a b l e  1 : 

t a b l e  2 : 

t a b l e  3 : 

t a b l e  4 : 
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shows the following order (a lower summed rank means ranked as ‘more 
comfortable’): Rserif150 (146) > Rsans150 (179.0) > Rserif360 (263.0) > 
Rserif440 (280.0) > Rserif540 (280.0) > Rsans360 (338.0) > Rsans440 (358.0) 
> Rsans540 (384.0) > Rserif700 (394.0) > Rsans700 (469.0) > Regular (483.0) 
> Rserif700_bot (485.0) > Rsans700_mid (582.0). There is no difference in 
ranking between those two 150 fonts. The eleven other fonts are ranked 
statistically significant ‘less comfortable’ than the 150 fonts, but there is no 
difference between these eleven fonts. 

But when grouping fonts with similar height together, the 150-group is 
again significantly more often ranked as ‘most comfortable’, but the 700- 
extra’s group is now significantly more often ranked as ‘least comfortable’. 
The summed rank here is R150 (162.5) > R360 (300.5) > R440 (319.0) >  
R540 (332.0) > R700 (448.7) > 700-extra’s (533.5), in which a lower number 
means ranked as ‘more comfortable’. There is no statistically significant  
difference between the 360, 440, 540 and 700-groups, which are positioned 
in the middle.

Analyzing the 6 fonts with letters

Csans440 and Cserif440 are statistically significant more often ranked as 
‘more comfortable’ than the other fonts. This results in the summed rank is 
Csans440 (119.0) = Cserif440 (119.0) > Cserif540 (197.0) > Csans360 (207.0) 
> Csans540 (211.0) > Cserif360 (218.0), in which a lower number means 
ranked as ‘more comfortable’. There is no difference in ranking between 
those two 440 fonts. There is no statistically significant difference between 
the other four fonts.

When grouping fonts with similar heights together, the results are the same: 
the 440-group is statistically significantly more often ranked as ‘more  
comfortable’ than the other groups. The summed rank is C440 (119.0) > 
C540 (204.0) > C360 (212.5), in which a lower number means ranked as 

‘more comfortable’.  There is no statistically significant difference between 
the other two groups.

Participants’ comments

Participants’ comments were in line with the results. For the stripe patterns, 
participants indicated that the lower stripe patterns caused some order, 
some rest, while the taller stripe patterns and the stripe patterns with strike 
throughs were restless. For the letterforms, participants pointed out that the 
middle sizes were the ones they were used to, and that the other sizes were 
strange, and sometimes too crowded.
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Graphic visualization of the results. 

The smallest stripe patterns are 

ranked significantly more often 

as comfortable than all other 

stripe patterns. When the stimuli 

are grouped together per height, 

also the 700-extra’s-group is 

significantly more often ranked as 

less comfortable. For the letters, 

the middle size was ranked more 

comfortable than the taller or 

smaller letters.

f i g u r e  4 : 

Only one participant differentiated and expressed ‘the more evenly spaced 
fonts’ (serif ) versus ‘the less evenly spaced fonts’ (sans-serif ). She said that 
she was an interior architect and the less evenly spaced stripe patterns were 

‘not nice to look at.’

3.7. Test 1: conclusions
There are significant differences in the ranking of 

stripe patterns and letters from the least favorable to the most favorable.
Participants were sensitive to smaller stripe 

patterns, even if they are only a couple of millimeters high. The smallest 
stripe patterns ranked most comfortable. However, the visual differences 
between all the stripe patterns were probably too small, participants had 
some trouble distinguishing the differences. The (non-significant) results 
show a tendency that how taller the stripe patterns become, the less 
comfortable they are ranked. Doing this test again with lesser and more 
distinct stimuli will probably result in clearer results.

What strikes most is that the 700-extra’s, the stripe 
patterns with a strikethrough, are ranked least comfortable, even less than 
the 700-straight fonts. While I hypothesized that a strikethrough would 
break the stripe pattern, making it more comfortable, it seems that the 
stripe patterns with a strikethrough are the least preferred. It seems that 
having more details in sight is less preferred than having a tall stripe pattern 
in sight. A future study can dive deeper into this to clarify those results.

This test clearly proves that the findings for the 
stripe patterns are not applicable on letters. For the letters, the middle size 
was ranked as the most comfortable. The results could not clarify why this 
occurred. This again is probably because there are more details to process. 
Future studies will clarify.

minimum

minimum

minimum

minimum
Less comfortableMore comfortable

Less comfortableMore comfortable

minimum

minimum
minimum

minimum
minimum
minimum
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Test materials for test 2 is a reading 

text consisting of random words 

from one syllable

f i g u r e  5 : 

4. Test 2: reading progression in 45 seconds
	 4.1. Test 2: research questions

1       Does a taller stripe pattern in text cause a slower reading progression 
compared to lower stripe patterns?

2       Does a more condensed and more unevenly spaced stripe pattern in 
text cause a slower reading progression compared to wider 
stripe patterns?

	 4.2. Test 2: research materials
This test applied the letterforms {Cserif360, 

Cserif440, Cserif540, Csans360, Csans440, Csans540}. For this test, each font 
was applied to a list of random words and pseudo-words, half a page long 
[Figure 5]. Each word contained only one syllable. The fact that all words 
were of equal length enabled counting the number of words read within  
a specific time span.

The test was designed in such a way that learning effects were 
avoided. First, the test was designed four times, each time with a different 
random order of the fonts. Second, the list of words on a page was long, 
avoiding that participants would memorize words and thus unintendedly 
would increase the reading speed. 

	  

	 4.3. Test 2: methodology
There were 26 participants who participated in 

this test. Non-native Dutch speakers were left out because language was a 
parameter that could influence the results.

The researcher shuffled the sheets before the test began, so he 
did not see the order in which the participant would read the texts. 
Participants read aloud each of the six pages for 45 seconds. The reading 
progression was registered by the researcher, who counted the number of 
words a participant read and the number of reading errors on each of the 
six pages. The test took more or less five minutes per participant.



1 9 

april  .  2024

	 4.4. Test 2: data collection
The reading test measures the reading progression 

of readers by counting the number of words read aloud and the number of 
errors while reading within a timespan of 45 seconds.

	

	 4.5. Test 2: results
Each font was read once by each participant,  

so each font was read a total of 26 times. Table 5 lists the 6 fonts with  
letters individually and table 6 lists the 6 fonts with letters grouped per 
similar height.

	 4.6. Test 2: analysis
A generalized linear mixed model with Tukey’s 

correction for (pairwise) multiple testing (p=0.05) was used to test if the 
{number of read words} or {the number of reading errors} differs between 
the fonts, considering the correlation of the reading test for the same 
participant. A rejection of the null hypothesis means that there is a 
difference between the number of read words or the number of reading 
errors between the fonts. The pairwise comparison of the number of read 
words per font provides two statistically significant differences [Figure 6]:

	 In Cserif540 are less words read correctly than in Csans440 
(p=0.0077).

	 When grouping letters with similar height, group C540 has less 
words read correctly than in group C440 (p=0.0036).

	 4.7. Test 2: conclusions
In the taller fonts, statistically significant more 

reading errors are made. This was expected and suggests that there is an 
effect of taller stripe patterns on reading.

The results of the reading aloud test, with all fonts individually. Lighter background colors indicate  

the ‘best’ reading achievements.

The results of the reading aloud test, with the fonts grouped per similar height. Lighter background colors  

indicate the ‘best’ reading achievements.

t a b l e  5 : 

t a b l e  6 : 
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The (non-significant) results provide additional 
info which is worth looking into. The 440-group allows readers to read more 
words aloud within a specific time span. And the fonts with which the most 
words are read aloud, are not read with the least errors. However, those 
results are not statistically significant in the current dataset. On this, more 
research is needed.

5. Test 3: EEG recordings of neurological response while looking at  
taller/more condensed letters
	 5.1. Test 3: research questions

1       Does a taller stripe pattern in text induce more neurological response 
compared to lower stripe patterns?

2       Does a more condensed and more unevenly spaced stripe pattern  
in text induce more neurological response compared to  
wider stripe patterns?

	 5.2. Test 3: research materials
This test evaluates if the neurological response 

changes for different stimuli. The screen was a 24-inch VIEWPixx /EEG with  
a resolution of 1,920 x 1,080 pixels.

Subtest 1a

For the first EEG subtest, visual stimuli were made by setting the word ‘mini-
mum’ in all 19 typefaces from Figure 2. The visual stimuli were flashed on the 
screen for 300ms [Figure 7]. The short duration was intended to avoid eye 
movements, and thus to avoid additional neurological response. Each im-
age was preceded by a blank screen that was visible for 2,000ms with a dot 
in the middle. The dots allow the participant to keep the eye at the center of 
the screen between different stimuli.

In all cases that provided significant 

results, the C540 fonts were read 

with more reading errors than in 

the C440 group. The difference in 

reading speed was not significant.

f i g u r e  6 : minimum minimum More reading errorsLess reading errors

Zoomed-in example materials for 

the first subtest. The word ‘minimum’ 

is flashed for 300ms in the 19 

different fonts, containing both 

letters and stripe patterns. For the 

actual test, the colors were reversed 

to white text on a black background.

f i g u r e  7 : 
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Subtest 1b

This test evaluates if the neurological response changes when stimuli are 
shown for a longer time period. For the second EEG subtest, visual stimuli 
were composed of five lines of text set in all 19 fonts from Figure 2 [Figure 
8]. Only the word ‘minimum’ was used in these lines of text, to avoid possible 
different associations with different words, and thus different brain activities. 
The stimuli followed upon each other with a duration of 2,000ms, and in this 
subtest there were no dots between the different stimuli.

Subtest 2

This test evaluates if the neurological response changes when text intended 
to read silently is set in different fonts. In this subtest, again the typeface 
Convey was used, but only the six fonts containing letters. Additionally, four 
other fonts were added, containing longer ascenders/descenders (parts 
below the baseline and above the x-height: bdpqj) to reach a more visible 
stripe pattern. Those fonts are indicated by the term ‘min’ or ‘plus’ in their 
names in Figure 9.

To present those fonts to the participants, sentences with random words 
were created. The same words were used every time, ensuring the same 
difficulty level on every page (and thus for every font), but the order of the 
words was mixed every time in order to avoid learning effects. When a page 
was read, the participant pressed a key to go to the next font.

Zoomed-in example materials for 

subtest 1b containing a grid of 5 

words long and five lines. The top 

image shows the assumed visually 

most stressful stripe pattern and  

the bottom image shows the 

assumed visually most stressful 

letters that were presented to the 

participants for 2,000ms. For the 

actual test, the colors were  

reversed to white text on a  

black background.

f i g u r e  8 : 
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	 5.3. Test 3: methodology
A total of 42 persons participated. The test lasted 

about an hour per participant, including half an hour of attaching the EEG 
cap to the scalp wet gel and the trials for testing the connection. During  
the set-up, participants were put at ease with some small talk about 
daily-life subjects.

		  For subtests 1a and 1b, the participant was asked 
to look carefully at the screen. To keep participants’ attention, they were told 
to look/read with attention, because they would receive questions about 
what they were to see. For test 2, participants were told to look to the screen 
and to read with attention and at a normal speed, and that they should 
vocalize each word in their head. To keep their attention, they were told that 
a question would follow at the end.

		  The three subtests were shown to the participants 
in a random order, so not every participant started with test 1A. At the end 
of each subtest, participants were asked if ‘they noticed something, followed 
by open questions inviting them to describe their perception and possible 
hindrances encountered during the test. To keep the participants’ attention, 
the visual stimuli ‘Cserif440’ and ‘Csans440’ were shown twice, but with the 

Subtest 2: the testing fonts, with 

differences in the ascender and 

descender lengths on the plus 

and min fonts, to further increase/

decrease the length of the stripe 

pattern in a way that is commonly 

applied in type design.

f i g u r e  9 : 
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dot of one letter ‘i’ moved to the right. Inserting this small eye-catcher was 
done so every participant would have an easy starting point in the 
conversation later on, when they were asked to describe the things that 
they noticed within the visual input. Only if a participant started comment-
ing about the fonts/letters, more focused questions were asked; for example, 
to describe the noticed design features. If participants didn’t start talking 
about any design features, they were not pointed to any.

		  In the physical setup, the screen always had a 
distance of 60 cm from the participant’s forehead. This distance was chosen 
so the whole screen was still in view, and not only partially (and because the 
reading distance from a screen differs from the reading distance from paper 
which is more or less 40cm: Legge & Bigelow, 2011; Wilkins et al., 1984). 
Once participants confirmed that their posture was optimal for the reading 
test, participants were asked to place the chin on a chin holder, not to 
re-position the chair and not to change their posture. Before a participant 
started the tests, a screen containing a welcome screen was shown and the 
question was asked if the participant could read the words easily.

		  All tests (1a, 1b, and 2) were shown four times to 
each participant. To avoid learning effects, the computer randomized all the 
visual input each time it was shown. This also means that every participant 
looked at all stimuli four times.

	 5.4. Test 3: data collection
The neurological response was registered with 64 

electrodes on a 1,000Hz frequency [Figure 10]. EEG signals were recorded 
with a 64-channel synapse system and digitized with a sampling rate of 
1,000 Hz. All preprocessing and analysis were done with MNE-Python, an 

The EEG cap with 64 individual 

electrodes and their positions.
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open-source Python package for exploring and analyzing neurophysio-
logical data (Gramfort et al. 2013). Noisy channels were identified with  
visual inspection and interpolated. The data was then filtered with a 
zero-phase band-pass filter between 1Hz and 60Hz. An additional notch 
filter was applied at 50 Hz in order to remove electrical line noise. Inde-
pendent component analysis (ICA) was used to identify ocular and move-
ment artifacts. An automated routine for detection of ocular components  
in the ICA was performed based on the EOG signal. The components 
identified by this routine were subjected to a post-hoc manual check for 
additional non-brain signals. The resulting ICA solution was applied to  
the filtered signal.

The continuous EEG signal was then divided into 
epochs using stimulus onset triggers. For tests 1a and 1b, the epochs were  
2 seconds long while for test 2 the epochs were 15 seconds long. Parti-
cipants could read as long as they wished, but I had to take equal lengths  
for the analysis. The shortest duration that any participant did over reading 
the stimuli in test 2 was used, namely 15 seconds. In each case, a base- 
line correction was applied with a baseline period of 100ms. Invalid epochs 
were rejected based on signal amplitude. Overall, 2,678 epochs were 
included in the analysis for subtest 1a, 2,750 for test 1b and 333 for test 2. 
Fourier spectral analysis was performed on each epoch using DPSS tapers. 
Spectral power was averaged for the whole scalp, and then compared across 
each frequency bin. The frequency bin width was 0.48 Hz, as determined by 
the overall signal bandwidth and sampling rate. For pairwise comparisons 
between conditions, t-tests with Welch's correction for unequal variances 
were used.

	

	 5.5. Test 3: results
The data of 2 participants was lost due to technical 

errors and were left out. 40 participants remained. Each participant looked 
at the visual stimuli 4 times, which means that there are 164 stimuli in this 
dataset. Figure 11 provides an idea about how to imagine the dataset.

	 5.6. Test 3: analyses
For this study, I am very much aware of the multi- 

ple comparisons problem which requests to inflate p-values when many 
comparisons are being made. The multiple comparisons correction was not 
applied because the current study is exploratory, meaning that a lot of 
different stimuli are included to detect what directions to go with future 
research. Later studies need to examine the results in more detail and  
will probably have less comparisons to be made. Therefore, it is not useful  
to apply stricter rules now than would be done in later studies.
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Subtest 1a: Statistical analysis

For subtest 1a, the test in which all participants looked to the visual stimuli 
for 300ms, no statistically significant differences (p<0.05) were found be-
tween the visual stimuli.

Subtest 1b: Statistical analysis

For subtest 1b, the test in which all participants looked to the visual stimuli 
for 1,000ms, statistically significant differences were found between some 
frequencies in the neurological response, between specific visual stimuli 
[tables 7]. The tables are included in the article to show a truthful view of 
where statistically significant results are present, but also to show where 
they aren’t.

When analyzing all stripe patterns individually [table 7a], taller stripe pat-
terns were associated with more neurological response in all statistically 
significant results. The only exception is the Rsans360 vs Rsans440 compari-
son, where Rsans360 produced higher responses. When analyzing the stripe 
patterns per similar height [table 7b], R150 was associated with smaller 
responses than ‘700-extra’. When analyzing the letterforms, the 360 fonts 
yielded smaller responses in all comparisons where a statistically significant 
effect occurred [table 7c and d].

The EEG cap with 64 individual 

electrodes and their positions.
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Subtest 2: Statistical analysis

For subtest 2, the test in which all participants looked to the visual stimuli 
for a timespan that they determined themselves, some statistically signifi-
cant differences were found: between Csans360_min and Cserif440 for the 
frequency bin 7.95Hz, and between Csans360_min and Cserif540_plus for 
the frequency bins 2.72Hz, 4.64Hz, 4.7Hz and 5.5Hz. The taller the font, the 
bigger the response.

	 5.7. Test 3: conclusions
Taller stripe patterns result sometimes in more 

neurological response than lower stripe patterns. As a design researcher,  
I will not draw conclusions about what neurological response is going  
on and I am limiting myself to the differences in the visual stimuli. 

Across the board, the taller the stripe/font, the 
more neurological response that occurred [Figure 12]. But there are three 
reasons why the hypotheses aren’t proven. In subtest 1b for example, for the 
stripe patterns, the results were not found for all similar comparisons: for 
example, Rserif150 versus Rserif700 provides a significant difference, but 
Rsans150 versus Rsans700, or Rsans150 versus R700reg does not. The reason 

The tables indicate which comparison of visual stimuli resulted in a statistically significant difference. The numbers 

specify the frequencies at which those differences occurred. So, if a cell contains [5.24 5.71] for example, it means that 

differences were found for frequency bins at 5.24Hz and 5.71Hz. Each frequency bin has a width of 0.48 Hz. Groups 

are as following: R150 = {Rserif150, Rsans150}, R360 = {Rserif360, Rsans360}, R440 = {Rserif440, Rsans440}, R540 = 

{Rserif540, Rsans540}, R700 = {Rserif700, Rsans700, R700reg}, 700-extra = {Rserif700bot, Rserif700mid}, C360 = {Cserif360, 

Csans360}, C440 = {Cserif440, Csans440}, C540 = {Cserif540, Csans540}.

t a b l e  7 ( a – d ) : 
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therefore could not be determined based on this research. Second, there are 
more statistically non-significant comparisons than statistically significant 
comparisons [see Table 7]. This indicates that the effect is not that strong. 
Third, the results were even less consequent in the visual stimuli containing 
letters: for example, Csans 360 versus Csans 440 delivered a statistically 
significant result, but Cserif360 versus Cserif440 did not.

		  There was no statistically significant difference 
between any 700-font and the 700-extra fonts, indicating that a strike 
through will not result in a different neurological response than a 700-stripe 
pattern. However, it should be stated that there are more statistically 
significant differences between the lowest stripe patterns and the 700-extra 
fonts than with the 700-straight fonts. The results therefore suggest that the 

‘700-extra’ fonts cause more pronounced differences in the neurological 
response. A possible explanation for this is the number of details that the 
brain has to process.

Few statistically significant differences between 
sans and serif fonts were present, but none are consequent.  The results  
of the three subtests differed. In subtest 1a, no statistically significant 
differences were found in the EEG’s. This could be explained by the short 
time that the visual stimuli were shown (300ms). Subtest 1b did deliver 
results, probably because the time to look at the visual stimuli was long 
enough, 2,000ms. 

6. Test 4: eye tracking while reading lines of text
6.1. Test 4: research question

1       Does a taller stripe pattern in text induce more eye closures/longer  
eye closures/a longer time to read compared to lower  
stripe patterns?

2       Does a more condensed and more unevenly spaced stripe pattern  
in text induce more eye closures/longer eye closures/a  
longer time to read compared to wider stripe patterns?

6.2. Test 4: research materials
The same testing materials as for test 3 were used, 

and measurements were done during the same three subtests [Figure 13].

In the taller stripe patterns and in 

Serif_700bot, more neurological 

response was registered in a few 

frequencies (not in all).

f i g u r e  1 2 : 
minimumminimumminimum
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	 6.3. Test 4: methodology
A total of 42 people participated. An eye tracker 

Eyelink 1000 Plus (RS Research, 2020) measured the number of times the 
eyes were closed and the time a participant needed to read all words set in 
each font. Data collection occurred at 500Hz.

	 6.4. Test 4: data collection
Test 2 was done at the same time as test 3, but 

results were not collected on subtest 1a. The reason is that the duration  
of 300ms is shorter than an eye closure can last, and that could provide  
false results.

		  The data was filtered for the moments on  
which both eyes were closed at the same time. Closures shorter than 
5/1000ms were left out, and if one of the eyes opened and closed  
again while the second eye remains closed, it was only counted as an 
additional eye opening if that first eye re-opened for a timespan longer  
than 100ms. This way, non-simultaneous closed eyes were corrected  
and vibrations in the eye lids were filtered out.

The testing materials for test 4.

f i g u r e  1 3 : 
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	 6.5. Test 4: results
With X as each of the ten fonts applied on a 

sentence, the results are calculated as (1) the average number of eyelid 
closures that occurred while reading font X, (2) the average duration of 
eyelid closures that occurred while reading font X. For test 1 was a fixed 
duration of 2,000ms used, but for test 2, the participant had control about 
the duration. Here, (3) the average time necessary to read font X was also 
taken into account. It is thus only present in Graph ‘e’.

The results of the reading test.  

The white line throughout the 

graphs indicates the expected  

trend in the results.
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	 6.6. Test 4: analyses
Mixed regression models were used with a 

random intercept per participant (which means that the information is 
correlated per person).

For the numbers of eye closures, test 1b is 
analyzed via a Poisson mixed regression and test 2 via a negative binomial 
mixed regression. There are no differences between the visual stimuli 
(p>0.05). Grouping visual stimuli together did not point to differences.

For the duration of the eye closures, test 1b is 
analyzed via a zero-inflated negative binomial mixed regression and test 2 
via a negative binomial mixed regression. Statistically significant (p<0.05) 
results are:

	 Eyes are statistically significantly longer closed on Rserif700 
than on Rserif150 (p=0.0479).

	 Eyes are statistically significantly longer closed on R700reg 
(p=0.0409), Rsans700 (p=0.0254) and Rsans540 (p=0.0238) 
than on Rsans150.

For the time a participant looked at the cues, test 2 
is analyzed via a random effect model with a normal error division. None of 
the letterforms result in a statistically significantly longer reading time 
compared to other letterforms.

	 6.7. Test 4: conclusions
Regarding the stripe patterns, several of the higher 

fonts have a statistically significantly longer eye closure than the 150-fonts 
[Figure 14]. But it wasn’t found in all of the tall stripe patterns. Additionally, 
the effect was not found in the fonts containing letterforms, so there is a 
difference between stripe patterns and letterforms.

		  While the 700-straight fonts resulted in statistically 
significant longer eye closures, the ‘extra-700’ fonts did not. That means the 
strikethrough affected the visual comfort of the stripe pattern when the 
effects on the eyes are measured.

		  The significant results only occurred when sans 
with sans was compared and serif with serif. There was no single statistically 
significant effect between horizontally differently spaced stripe patterns. 
This points out that even/unevenly spaced stripe patterns have less influ-
ence on the eye closures than lower/taller stripe patterns.

Statistically significant results  

mostly occurred when comparing 

the extremes {150 vs 540 or 700}.

f i g u r e  1 4 : 
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7. General discussion
	 The role of stripe patterns in reading comfort

In all four tests, some statistically significant results 
were found. The height of the stipe pattern has several significant effects on 
the reading comfort, but effects differ between letters and stripe patterns. 
The horizontal distribution of the stripe pattern (distance between the 
stripes) had no useful significant effect in this study. Results of the current 
study do not directly point out if a serif or sans-serif typeface would be 
better for reading comfort.

	 The height of the stripe pattern
The results weren’t always uniform. For example, 

the comparison of the serif pair 150 vs 700 versus the sans-serif pair of 150 
vs 700 provided different results in the EEG. Also, not all stripe patterns 
resulted in the expected results. Therefore, some care is required when 
interpreting the results. Because there are only results on some places, they 
support the impression that taller stripe patterns have some effects, but it 
can 1) be too small to play a role within letters, 2) be too small to be 
measured by conventional devices or 3) be too small to hinder an audience 
with normal sensitivity to stressful visual stimuli. Therefore, it is too early to 
make solid conclusions. At the moment, no similar studies exist to compare 
with. It could be useful to do the same tests with people more sensitive to 
visual stress because excessive neurological response may hinder a sensitive 
audience more. We refer to people suffering migraine and others, such as 
mentioned in Aurora et al. (1991; mentioned in Wilkins, 2012). More research 
is needed.

		  No effects were found on the even/less even 
horizontal distribution of the stripe patterns. This contradicts other studies 
which did found effects of the stripe pattern in type design, such as Wilkins 
(2007) and Bessemans (2012). In both studies, making the spacing of the 
letters less even (e.g., a letter m without the equal spacing within) provided 
better reading results for certain target audiences. That this study did not 
provide statistically significant results probably depends on 1) that the 
horizontal spacing was not that distinguished in this study, 2) that there 
were differences in the methodologies and 3) that this study did not include 
children or poor readers.

	 The 700-extra’s
It was expected that the ‘700-extra’ group, the 

stripe patterns containing a strikethrough, would limit the visibility of stripe 
patterns. But contradictory, this group was ranked as least comfortable and 
caused a difference in neurological response compared to very low stripe 
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patterns while the 700-group did not. While in the eye test, no significant 
results were measured on the 700-extra’s. This suggests that a strikethrough 
makes it more difficult to process the image, but not to look at the image.

		  The same is noticed when comparing results of the 
stripe patterns with results of the letterforms. The lowest letterforms were 
not performing any better than the average height of the letterforms. This 
means that more design parameters than only the stripe pattern influence 
the reading comfort within letters.

		  I looked into which design parameter it could be 
and came to the number of details per surface. This parameter is expected to 
have an influence on reading comfort, because there is more information to 
process while reading. This parameter accompanies other parameters such 
as the height of the stripe pattern, how condensed a stripe pattern is, how 
(un)evenly spaced a stripe pattern is, and of course general parameters such 
as page layout, type size, etc. If this parameter would have an influence, this 
would also explain why the lowest fonts (360’s) were ranked less comfort-
able than the average heighted fonts (440’s): there were more details to 
process on a small surface.

		  No research was found that focused on this 
parameter within a typographic context. Future studies have to clarify the 
influence of this parameter.

	 Evaluation of the used approaches
In this study, four different tests applied four 

different methodologies. In all those tests, the results differ. For example, in 
the EEG-test, most of the statistically significant results are found in the 
700-extra group, while in the eye-tracking test, most of the statistically 
significant results are found in the 700-straight group.

		  This does not indicate that any of the used 
methods were inappropriate, but it illustrates that different aspects of the 
reading process were measured in each test: the EEG evaluated neurological 
response, while the eye tracking focused on eye activity. So that will have 
been the reason for the differences in the results.

		  Those differences in the results point out that it 
would be difficult, if not impossible, to determine one parameter in which 
the reading comfort will be ‘the best’ under all circumstances. The overall 
reading comfort will probably depend on several design parameters at once 
and will depend on the condition on which the reading comfort is measured 
(neurological response, eye movements…).

	 Future studies
The results strongly suggest that more design 

parameters influence reading comfort simultaneously. Based on the results 



3 3 

april  .  2024

of this study, it can be stated that the design parameter ‘height of the stripe 
pattern’ probably plays a larger role than how condensed or how evenly 
spaced the stripe pattern is. But not all non-statistically significant  
results should be dismissed yet and the number of details per surface  
is a parameter about which no information is known yet. Those are  
to be further evaluated. 

8. General conclusion
This study started from the general hypothesis 

that “taller, less evenly spaced, and more condensed stripe patterns could be less 
effective for the reading comfort.” With this question, it strived to provide 
insights in making type design more comfortable to look at, and to evaluate 
the question if a serif or a sans-serif typeface would be better for reading.  
In this study, some effects were found on the tallest versus the lowest stripe 
patterns. But the results were not strong enough to prove the hypothesis 
right or wrong. Additionally, the stripe patterns on which most of the 
statistically significant effects were found are just out of range for regular 
type design.

		  This study strongly illustrates that: 1) results 
differed between the letterforms and the stripe patterns, showing that the 
reading comfort is not only influenced by the stripe pattern. Several results 
suggested that ‘the number of design details per surface’ could be influential 
in the reading comfort, more than the height of the stripe pattern. 2) Results 
from the eye tracking and neurological responses were not identical. 
Someone studying reading comfort should take in mind that what is more 
comfortable for the eyes is not necessarily better for the neurological 
responses.

		  This study materials could not clarify if 1) letters 
already have the least hindering height of the stripe pattern [and that type 
designers thus intuitively do a good job], 2) if the testing devices were not 
refined enough. Because this was a preliminary study, the focus was not yet 
put on this kind of detail. Further studies are necessary to clarify. 
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