abenbue 3|qisIn

[

IEYEE:]

sadejadA] Aejdsig paysijiaqw3 jo suonedijdw) Aujiqiba

112

the letter skeletons: a, b, ¢
(by Adrian Frutiger)

embellished display
letterforms that depart from
the letter skeletons: a, b, ¢

Legibility Implications of

Embellished Display Typefaces

Sofie Beier
Katrine Sand

Randi Starrfelt

Keywords
legibility
readability
type design
fonts
perception

typeface style

113

By subjecting participants to brief exposure of single letters in the peripheral
visual field, we investigated 1) hemispheric differences in reading of embel-
lished display typefaces, and 2) the legibility difference between different
kinds of embellished display typefaces. The test typefaces are designed for
the purpose of controlling for the variables of swashes, stroke contrast and
drop shadow.

The results show that all fonts are processed more accurately in the

right visual field (corresponding to initial processing in the left hemisphere),

and this is mainly evident when exposure is very brief (Experiment 1). This is
contrary to the expectation that embellished typefaces should have an ad-
vantage when presented to the right hemisphere /left hemifield. There was
also a clear difference in overall performance between the different embel-
lished typeface styles, suggesting that legibility is more affected by swashed
features than by a reversed letter stroke, or by a drop shadow.

When choosing between different styles of embellished display

typefaces, it is therefore recommended to choose typefaces where the letter

skeleton is not too complicated to decode.
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Introduction

Designers will often choose embellished display typefaces for advertisement
and for the design of corporate identities. This in contrast to typefaces se-
lected for body text where the style most often is less notable. In this paper,
we define an embellished display typeface as one which has additional
graphics added to the basic letterform skeleton, as measured by perimetric
complexity. An unadorned typeface is one adhering closely to the basic
letterform skeleton without adding such embellishments. In spite of the leg-
ibility levels varying highly between the embellished display typefaces and
the more unadorned body text typefaces, literature of psychophysics and
typeface legibility rarely makes this distinction (Tracy 1986). The aim of the
majority of legibility studies have been to identify the most legible typeface
by comparing several different typefaces (see Dobres et al 2016; Bessemans
2016 for recent examples), or to identity the letter features that results in
optimal identification (see Larsen & Carson 2016; Beier & Dyson 2014; Beier
& Larson 2010 for recent examples:).Yet none of the studies have focused on
the difference between typefaces for display and typefaces for body text,
and none of the studies have focused on the legibility matters that specifi-
cally relate to display typefaces.

Embellished typefaces are more difficult to visually process than

unadorned styles: Pelli and colleagues (2006) have found that the extended

number of features in complex typefaces results in a ‘bottleneck’in visual
perception. This is additionally confirmed in a multidisciplinary collabora-
tion between typographers and cognitive neuroscientists, who explored
the discrimination processing of a number of different typeface styles using
Electroencephalography (EEG) technology, and found that the brain works
harder when exposed to the embellished typefaces Lucida Blackletter
and ‘Evardian G/{ryf, compared to the unadorned typefaces Arial
and Times New Roman (Thiessen et al. 2015). Bernard and Chung (2013)
further found that — up to a certain value - the more complex the typeface
the more difficult it is to identify a target letter within a letter string.

We are, however, yet to understand how the different features of

embellished typefaces influences legibility.

The present paper presents experimental investigations on

1) whether it is possible to isolate specific character features that affect

processing in the two hemifields / heimpsheres differently, and 2) on the
legibility implications that can follow with embellished typefaces.
Our understanding of the term ‘legibility’ follows the description of

typographer writer Walter Tracy, who stated that:”...legibility is the term to
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use when discussing the clarity of single characters (Tracy, 1986, p.31)”

Brain mechanisms in
perception of unadorned and

embellished typefaces

There is evidence that somewhat different brain processes may be involved
in reading of unadorned typeface styles than in reading embellished, more
complex, display typefaces, such that unadorned typefaces would mainly
draw on left hemisphere processing and some embellished typefaces would
need additional processing in the right hemisphere (Wagner & Harris 1994;
Bryden & Allard 1976).

It is well-documented that reading is predominantly subserved by

the left hemisphere (e.g., Dehaene & Cohen, 2011), which is also the case in

the reading of Urdu, Hebrew and Arabic that traditionally are read from right
to left (Adamson & Hellige 2006; Eviatar & Ibrahim 2004). Visual areas in the
right hemisphere, however, also contribute, and have been suggested to be
particularly involved in processing of typefaces (Barton et al., 2010; Susilo et
al., 2015).

Because visual areas in the left cerebral hemisphere receives the

primary input from the right visual field, and the right hemisphere visual

areas receives the primary input from the left visual field, this can be investi-
gated in divided visual field paradigms. Bryden and Allard (1976) used such
a paradigm to investigate how the two hemispheres of the brain contribute
to the identification of different typographical material in a short exposure
experiments (Figure 1), and found that, in general, letters were more ac-
curately identified when presented to the left hemisphere (the right visual
field), and that this was most evident in the more unadorned type styles
tested. Interestingly, when some of the embellished typeface styles like
Palace Script and Profile were presented, recognition was superior for letters
presented to the right hemisphere (left visual field). The researchers suggest-
ed that in cases where the typeface requires considerable processing, the
right hemisphere serves to isolate the relevant features in the letter shapes
and at the same time, disregard the irrelevant ones. The results have later
been supported by Wagner and Harris (1994) who applied a similar study
design and also found a right hemisphere advantage for complex typefaces
styles (figure 2). Testing the typeface Helvetica and two handwritten script
styles, Hellige and Adamson (2007) found a general left hemisphere advan-
tage in all styles, yet the left hemisphere advantage was significantly smaller
with the handwritten script styles than with Helvetica. This division of labour
between the two cerebral hemispheres is further demonstrated in stud-

ies of brain-injured patients (Barton et al., 2010). For instance, Barton and
colleagues (2010) have found, that while patients with damage to posterior
areas in the left hemisphere have deficits in reading letters and words, they
may be unimpaired in categorizing samples of handwriting and different
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The typefaces tested by

ABCDEFGHI]K

Bryden & Allard (1976). The
two typefaces marked by a
star, both demonstrated right
hemisphere advantage.

Gill Extra Bold

abcoefghijk

American Uncial

ABCDEFCHIIH

Palace Script

HEGIEFGHIINLTN

Countdown

ABCDEFEHI]

Kalligraphia

ABCHBEF GHI

Old English

ABCDEFGHIJK

Flash

ABGCDEFGEHIJK

Profil

ABCDEFGHI

Gold Rush

ABCDEFGHIJK

Times Bold ltalic

typefaces. Patients with damage to posterior areas in the right hemisphere
show the opposite pattern, they are impaired in sorting typefaces and hand-
writing, but have no problems reading words (Hills et al., 2015; Susilo
etal, 2015).

To detect the characteristics that causes a right hemisphere

advantage, Bryden and Allard had participants rate the 10 typefaces on

the dimensions of ‘familiar/unfamiliar; ‘high/low internal confusability; and
‘script like/print like’ features. In addition, the researchers looked into type-
face difficulty, by measuring the mean time from presentation to articulation
of the letter name.

They demonstrated a correlation between the right/left hemi-

sphere advantage determined in the short exposure experiment, and all of
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the dimensions except for ‘familiar/unfamiliar’ In other words, the typefaces
that were judged to be most script like, with high internal letter confusabil-
ity, and most difficult to read, were also the typefaces that showed a right

Figure 2

Wagner and Harris (1994) &]ZLCB CCD 8@@%@9%
tested 8 different typeface

styles, and found the Murray Hill

typefaces Murrey Hill and

Shotgun to demonstrated a Q)

right hemisphere advantage.

Shotgun

hemisphere advantage in the short exposure study.

However, a number of the typefaces received high ratings in sev-
eral of the rated dimensions. As an example, the typefaces Palace Script and
Old English were both rated as having high internal letter confusability and
as being script like, while it was only Palace Script that showed significant
right hemisphere advantage. It is therefore difficult to say whether it was
the script style or the internal letter confusability that caused right hemi-
sphere advantage.

By identifying the specific features within a given typeface design
that causes a right hemisphere advantage, and by identifying the internal
legibility relation between these typefaces, this investigation aims at a bet-
ter understanding of how the brain processes different styles of typefaces.

Experimental
investigation

A visual examination of the four typefaces known to result in right hemi-
sphere advantage, demonstrates two major trends. One is related to the
swash style and the uncommon skeletons of the typefaces Palace Script
and Murray Hill, and the other is related to the excessive details and heavy
weights of the otherwise relative common skeleton of the typefaces Profil
and Shot Gun (figures 1 and 2). In this study we will investigate the effect
of swash style and the effect of excessive added details. In addition to this,
we study the effect of unfamiliar letter strokes. We have worked with two
separate hypotheses: The first is related to hemisphere processing. We ex-
pect that the more complex and the more illegible typefaces will be better
processed in the left visual field (right hemisphere). The second hypothesis is
related to legibility, understood as the clarity of the single letter. As complex
typefaces are more difficult to visually process than unadorned typefaces
(Thiessen et al. 2015; Pelli et al 2006), and as embellished typefaces often
have complex letter features, the embellished typefaces are expected to be
less legible than the unadorned typeface. The focus is on whether the effect
of swash style, the effect of excessive added details, or the effect of unfamil-
iar letter strokes, will influence legibility the most.

The two hypotheses are investigated through a method of short
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exposure in the parafoveal field of vision. By exposing participants to the
stimuli in left and right parafoveal fields, the study can both provide data
on the left/right hemisphere processing, and shed light on more classic leg-
ibility related matters. Through a series of investigations carried out in the
1970s, Keith Rayner and colleagues have demonstrated that readers make
great use of the parafoveal vision in reading (see Rayner & Pollatsek 1989 for
an overview). They found that the easier it is to identify the letters in right
parafoveal vision, the easier it is to locate where on the line of text, the eye
should fixate next, which results in a more effortless reading experience.
Following this, letters that demonstrate high legibility in parafoveal vision
will result in better clarity, and hence less troubled reading. Based on these
findings, the present study investigates legibility in parafoveal vision at

4.5 degrees.

Test typefaces

Most comparative studies of unadorned and embellished typefaces (Bryden
& Allard 1976; Wagner & Harris 1994; Thiessen et al. 2015) include typefaces
that vary on many dimensions. As an example, Palace Script and Old English
are different in weight, letter slant, stroke contrast, letter skeleton, and in
vertical and horizontal proportions. It is therefore difficult to identify which
features of Palace Script that caused a right hemisphere advantage in the
Bryden and Allard study. The test typefaces of the present study are de-
signed for this experiment. By so doing, it is possible to control the variables
that make two random typefaces different from each other. By ensuring that
only one visual feature is altered at a time, it is possible to identify the one
typeface-feature that causes a given difference in performance.

The test typefaces of the present study are divided into three

categories of complexity (figure 3).

Designed for the experiments

and with an outset in

the Master typeface
(NeutralTestRegular), the
four expressive typefaces are
designed to isolate specific
features for investigation.
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@ abefgjkmoqgrstxyz

NeutralTest Regular (Master)

O sbePgihmograblys

NeutralTest Swash

©abefg kmogrstxyz

NeutralTest Contrast

v abefgihmoqrsbysz

NeutralTest SwashShadow

< 293873 kmogrsixya

NeutralTest ContrastShadow

Level 1. An unadorned typeface

Master Typeface.

The typeface NeutralTestRegular (from here on identified as the Master) is

Flgure 4

As suggested by type
designer Adrian Frutiger
(1998; 2008), the typefaces
Garamond, Baskerville,
Bodoni, Excelsior, Times,
Palatino, Optima, and
Helvetica, are superimposed
(top row). The dark part
where most letters overlap
shows the basic letter
skeleton.
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developed for experimental investigations by Beier (Beier 2013) (Figure 4.
second row). It is based on type designer Adrian Frutiger’s idea of the letter
matrix (1998; 2008) (Figure 4. top row). Frutiger argued that all readers have
a letter matrix in their mind, and that this matrix is based on all the differ-
ent representation of the letters that the reader has encountered during
reading. Following this, Frutiger theorized that the optimal letter skeleton
constitutes a neutral letter shape, and that this can be found in the surface
area where the characters of the most popular common typefaces overlap.
Each letter of the Master is designed based on the darkest overlapping areas
of the most common typefaces superimposed. The resulting ‘neutral letter
shapes’hence follows the requirements for an unadorned typeface.

abcd

The letter matrix by Adrian Frutiger

The typeface NeutralTestRegualr superimposed on the letter matrix

2,19 G @l

The typeface NeutralTest Swash superimposed on the letter matrix

abed

The typeface NeutralTest Contrast superimposed on the letter matrix
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Level 2. Reversed Swash

and Contrast typeface

NeutralTest Swash.

The only difference between the Master typeface and the Swash typeface

is the added swashes to the letter skeleton, all other parameters such as
stroke thickness, contrast, and letter proportions, remain identical between
the two (Figure 4. third row). This is done to isolate the swash effect from
the uncommon letter skeletons identified in the typefaces Palace Script and
Murray Hill. The swashes do, however, dissolve the basic letter skeleton of
the Master typeface.

NeutralTest Contrast.

The only difference between the Contrast style and the Master typeface is

the unfamiliar added weight to the horizontal strokes, also called reversed
stroke contrast. The tradition of Latin typefaces is that the vertical strokes
are heavier than the horizontal strokes. The feature consequently also adds
more weight to the letter (Figure 4. fourth row).

It is expected that the Swash and the Contrast typefaces are less

legible than the Master typeface.

Level 3. Drop Shadow

NeutralTest SwashShadow and NeutralTest ContrastShadow.

The drop shadow of this category adds excessive details to the letter. It is

expected that these typefaces, are less legible, and demonstrate greater
right hemisphere activity than the typefaces of level 1 and 2.

Experimental

and data ana
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paradigm
lysis

We tested the two hypotheses using a psychophysical paradigm, a single
item report task, analysed within the framework of Bundesen’s (1990) Theory
of Visual Attention (TVA). Based on TVA, methods for investigating visual
attention, as well as visual perceptual processes have been developed,
enabling us to quantify aspects of perception like visual processing speed
and the threshold for perception for different stimuli. Single item experi-
ments within this framework use unspeeded, accuracy-based tasks, which
are unconfounded by motor components. This means that response times
are not measured. Rather, the exposure time of the stimulus is varied, and
the increase in accuracy with increased exposure duration is measured. The
method has previously been used to investigate visual perception of letters,
numbers, and words both in normal (e.g. Starrfelt et al. 2013) and brain
injured subjects, and also in studies comparing processing of such stimuli in
the right and left visual fields (Sand, Habekost, Petersen, & Starrfelt, in press).

Performance for left and right
visual fields of the Master
typeface for a representative
subject in experiment 2. The
curve shows the probability
of correct report as a function
of stimulus duration. t is

the threshold of conscious
perception and shows the
longest ineffective exposure
duration for the subject.

v is the slope of the curve
and reflects the perceptual
processing speed.

°
kS

® Left (data)
B Right (data)

= = =Left (model)

Probability correct

——Right (model)

0 20 40 60 80 100 120 140 160 180 200
Exposure duration (ms)

Here, we use a single item report task to investigate differences in how dif-
ferent typefaces are perceived in the right and left visual fields. We focus on
two parameters derived from the TVA: the temporal threshold of conscious
perception (t ), and the perceptual processing speed (v) (see Bundesen &
Habekost, 2008; Habekost, 2015 for details).

In both experiment 1 and 2, the individual data were fitted to

a maximum likelihood procedure using the LibTVA toolbox for MatLab

(Dyrholm et al. 2011). Based on the assumption that there would be no
laterality difference in ¢, for each typeface, we estimated a single t-param-
eter and two v-parameters (the processing speed for the left and right side
respectively). The parameters are illustrated in figure 5. We also report the
overall proportion of correct responses across all exposure durations for
each typeface, both in total and for each visual field. The overall correct
scores, threshold, and visual processing speed across the participants were
compared with paired-samples t-tests (two-tailed). Multiple t-tests were
not corrected for, due to the exploratory nature of the study. Effect sizes are
reported as Cohen’s d.

Experiment 1

Participants

Materials
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19 subjects participated in the experiment (11 males, mean age: 23.9, SD:
2.51, range: 21-30). The following inclusion criteria were used: the partici-
pants were right-handed, had normal or corrected-to-normal vision, no
dyslexia, or psychiatric or neuropsychological condition. We only included
subjects who had learned to read in a language using Latin letters. All pro-
vided written informed consent. All participants were given a product key
for a product sponsored by Microsoft after participation in the experiment.

All experiments were conducted in a semi-darkened room. Subjects were
seated with their head in a chin rest, 80 cm from a 20” CRT-monitor running
at 150 Hz with a resolution of 800 x 600 pixels.
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The participant fixates the central cross, and initiates the trial

Trial outline for Experiments

1 and 2. The only difference
between the experiments was
the exposure durations used.

Fixation crosses "blink” (200 ms)

Blank screen (200 ms)

Stimulus presented left or right (randomly)

Target position is post-masked (500 ms)

Verbal report (unspeeded)

Width Height
Table 1
Mean Range Mean Range
Stimulus sizes for the five Master 0.67 0.29-1.1 0.9 0.72-1.43
different typefaces in visual Swash 085 057-13 09 072-1.43
degrees
Contrast 0.79 0.57-1.1 0.9 0.72-1.43
SwashShadow 1.04 0.72-1.43 1.04 0.86-1.43
ContrastShadow 0.84 0.57-1.23 1 0.79-1.58

Stimuli and masks

To minimize the backlight from the screen, the stimuli were presented in
lower-case, point size 30 in white on a black background. The mean stimulus
sizes for each typeface are presented in visual degrees in table 1. Eight dif-
ferent exposure durations (13, 27,40, 53,73,93,113,and 133 ms), and 16
letters of the alphabet were used (a, b, e, f, g,j, k,m, 0,9, 1,5, t,%,Y, ). Each
individual letter was shown the same number of times for each typeface.
Stimuli were post-masked for 500 ms with rectangular pattern masks (2.51°
x 1.93°), which were constructed of letter fragments, in order to erase the
visual afterimage (figure 6).

The participant initiated each trial by pressing the space button
when they fixated on a centrally placed fixation cross. When a trial started,
the fixation crosses became bold for 200 ms (fixation flash), which was
followed by a blank screen for 100 ms before the stimulus appeared on the
screen. The stimuli were presented randomly at 4,5° of visual angle to the
left or right of fixation. Participants were instructed to make a non-speeded
report of the stimulus, and only to report a letter if they were “fairly certain”
of what they had seen, in order to refrain from pure guessing but still use
all the information available about the stimulus. Participants were informed
of their accuracy after each block, and instructed to aim for an accuracy of
80-90% (correct responses of responses given). This is the standard instruc-
tions used in experimental paradigms based on TVA (see Habekost, 2015).
Subjects completed 40 blocks of 80 trials, with breaks for every ten blocks.
Each block consisted all 16 letters shown one time in each of the five fonts.
Each font was shown one time randomly without replacement for each
exposure duration in each visual field. The entire experiment took between
2.5 - 3 hours to complete.
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Table 2

A comparison of visual
processing speed (v) and
overall correct scores
between the left and right
visual field in Experiment 1,
showing higher processing
speed and overall correct
score in the right visual field
for all typefaces.

Table 3

Overall proportion correct
reports across all exposure
durations for each typeface
in Experiment 1. Comparing
the Master typeface to the
four test-typefaces shows
that the Master is perceived
significantly better than all
four test-typefaces.
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Left visual field Right visual field Statistics
Mean SD Mean SD t p d

v - perceptual processing speed
Master 23.54 (10.23) 321 (10.05) -4.39 <.001 -0.84
Swash 7.03 (2.71) 8.78 (3.84) -2.62 017 -0.53
Contrast 13.03 (5.14) 18.24 (6.61) -3.38 .003 -0.89
SwashShadow 6.26 (2.31) 8.39 (3.93) -3.21 .005 -0.68
ContrastShadow  9.68 (3.02) 14.21 (5.94) -3.21 .005 -1.49
Overall correct score
Master 0.44 (0.11) 0.52 (0.1) -5.10 <.001 -0.76
Swash 0.23 (0.08) 0.27 0.11) -2.69 .015 -0.42
Contrast 0.32 (0.1) 0.39 (0.1) =277 <.001 -0.7
SwashShadow 0.2 (0.06) 0.25 (0.09) -3.55 .002 -0.67
ContrastShadow  0.28 (0.08) 0.37 (0.12) -3.52 .002 -0.9

Overall

correct

score SD Master vs.
Master 0.48 (0.1) t p d
Swash 0.25 (0.09) 17.62 <.001 242
Contrast 0.36 (0.09) 13.44 <.001 1.26
SwashShadow 0.23 (0.07) 17.34 <.001 294
ContrastShadow  0.32 (0.08) 13.07 <.001 1.78

Results: Experiment 1

The results show that, in general, stimuli presented in the right visual field
were reported more correctly than stimuli in the left visual field. Multiple
t-tests showed significant left/right differences for all typefaces, which is re-
flected in both overall correct scores (proportion correct across all exposure
durations) and perceptual processing speed (see table 2).

In order to test the overall difference between the typefaces, a
mean of the left and right score was calculated, and each of the embel-
lished typefaces was compared to the Master typeface. All tests showed that
the Master typeface was reported significantly more correct than each of
the embellished typefaces. Of the embellished typefaces, the participants
scored highest when stimuli were shown with the Contrast typeface. This
was followed by the ContrastShadow typeface (mean: .32, SD: 0.08) and the
Swash typeface (mean: .25, SD: 0.09). Participants scored lowest on stimuli
shown with the SwashShadow typeface (mean: .23, SD: 0.07). Table 3 shows
the overall correct score for each typeface and how each of the embellished
typefaces compare to the Master typeface. Comparisons of t, (the thresh-
old of conscious perception) for each specially designed typeface with the
Master typeface as baseline, showed no significant differences (all ps > .159).
The mean scores of the Swash and SwashShadow typefaces showed that
participants scored significantly higher when the Swash typeface was shown
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Left visual field Right visual field Statistics

Mean SD Mean SD t p d
v - perceptual processing speed
Master 28.89 (9.25) 32.86 (13.16) -1.38 .184 -0.35
Swash 7.02 (2.14) 7.66 (2.56) -1.44 .168 -0.27
Contrast 13.77 (2.91) 16.23 (4.57) -2.68 .015 -0.66
SwashShadow 6.42 (2.30) 7.52 (3.27) -1.71 .105 -0.39
ContrastShadow 8.62 (2.20) 10.61 (3.39) -2.40 .028 -0.71
Overall correct score
Master 0.64 (0.06) 0.66 (0.07) -1.34 197 -0.31
Swash 0.36 (0.08) 0.38 (0.11) -1.23 .235 -0.23
Contrast 0.51 (0.05) 0.55 (0.08) -2.40 .027 -0.54
SwashShadow 0.33 (0.09) 0.36 (0.12) -1.60 127 -0.31
ContrastShadow 0.42 (0.08) 0.46 (0.10) -2.20 .041 -0.54

Table 4

A comparison of visual
processing speed (v) and
overall correct scores
between the left and right
visual field in Experiment 2.

without shadow: t(18) = 3.40, p = .003, d = 0.25. This was also found when
comparing the Contrast typeface with the ContrastShadow typeface: t(18) =
431,p<.001,d=047.

Experiment 2

Due to the low overall correct scores for each typeface in Experiment 1, we
set up a new experiment with longer exposure durations, in order to estab-
lish whether the results of the previous experiment, showing no left visual
field superiority with any of the tested typefaces, could be explained by the
difficulty of the experiment.

The setup of the experiment is the same as in experiment 1, how-

ever the refresh rate was 100 Hz, and the exposure durations were 20, 40, 60,

90, 120, 150, 180, and 200 ms.

Participants

Results: Experiment 2

19 subjects participated in the experiment. (2 males, mean age: 23.95, SD:
2.34, range: 21-30). 9 subjects participated for course credit, and 10 subjects
received a gift card of 300 DKK after participation. All participants provided
written, informed consent.

In this experiment, we found a significant difference in the overall correct
score and the processing speed between the left and right visual field for
the Contrast typeface and the ContrastShadow typeface. As shown in table
4, both typefaces had the highest overall correct

score and the highest processing speed when shown in the right

visual field, with the highest effect sizes for the processing speed
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Statistics for master vs.:

Mean SD t p d
t0 - threshold of perceptual processing
Master 34.8 (8.33) - - -
Swash 32.11 (11.27) 1.27 219 0.27
Contrast 34.30 (9.35) 0.26 .801 0.06
SwashShadow 35.24 (11.37) -0.25 .807 -0.04
ContrastShadow  31.62 (9.37) 2.19 .042 0.36
Overall correct score
Master 0.65 (0.05) - - -
Swash 0.37 (0.09) 19.83 <.001 4
Contrast 0.53 (0.06) 16.15 <.001 2.18
SwashShadow 0.34 (0.1) 19.04 <.001 4.13
ContrastShadow  0.44 (0.08) 17.89 <.001 3.23
v - visual processing speed (mean of both visual fields)
Master 30.87 9.49 = = =
Swash 7.34 2.15 10.90 <.001 4.04
Contrast 15.00 3.27 7.91 <.001 2.49
SwashShadow 6.97 2.46 11.01 <.001 4
ContrastShadow  9.62 2.21 10.22 <.001 3.63

Table 5

Threshold (t0), visual
processing speed (v), and
overall correct scores for
each typeface in Experiment
2. Comparing the Master
typeface to the four
test-typefaces shows that
the Master is perceived
significantly better than all
four test-typefaces, and that
this is reflected in both visual
processing speed and overall
correct scores.

The only difference between the Master typeface and each of the

embellished typefaces for ¢ is found in the ContrastShadow typeface, which

is significantly lower than the Master typeface (t(18) =2.19, p =.042,d =
0.36, the rest of the ps >.219). The p-value for the t-statistic is however close
to the critical value at .05, and the effect size is small. This may therefore be a
random finding, as the ContrastShadow typeface does not stand out in any
other way; it does not have an advantage in neither overall correct score nor
the mean processing speed compared to the Master typeface. Just like in the
first experiment, participants had a significantly lower overall correct score
for the embellished typefaces compared to the Master typeface (see table 5).
The t-tests between pairwise typefaces showed significant differ-

ences in overall correct scores between shadowed and non-shadowed type-

faces. Thus, participants performed significantly worse with SwashShadow
compared to Swash: t(18) = 3.43, p = .003, d = 0.32, and ContrastShadow was
worse than Contrast: t(18) = 9.76, p <.001,d = 1.29.

Overall, we find that compared to the Master typeface, all the other

typefaces degrade the visual perception of each letter. The Swash typeface
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degrades the visual input more than the Contrast typeface, and the shadow
effect degrades the visual input for both SwashShadow and ContrastShad-
ow, compared to no shadow-effect. Furthermore, the only typeface that
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shows a lateral difference is the Contrast typeface and the ContrastShadow
typeface, which are perceived better in the right visual field compared to the
left visual field.

Discussion
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If a typographical layout is to communicate certain moods or associations,
choosing a headline typeface of a more embellished nature can support this
approach (Juni & Gross 2008; Brumberger 2003; Tantillo et al. 1995; Walker et
al. 1986). Understanding how the brain processes these embellished type-
faces, will provide the designer with usable tools when choosing typefaces
for a given assignment.

Within psychophysical research, the theory of feature detection

finds that at the initial first steps of identification, letters are not identified

as wholes but are identified through the individual features (Pelli et al. 2006;
Rayner and Pollatset 1989), and that the relevant features that distinguish
one letter from the others are the main features important for visual process-
ing (Fiset et al. 2008). It is generally agreed that word reading is a cascaded,
interactive process; feature detection and letter recognition feeds into
lexical operations which in turn constrains the interpretation of the input via
feedback loops (e.g., Dehaene & Cohen 2005; Coltheart et al. 2001; McClel-
land & Rumelhart 1981). Following this, when reading a complex typeface
of letters that are difficult to decode, the reader will have to draw heavily on
top down processes of lexical operations. The feature detection theory hence
confirms the findings by others (Thiessen et al. 2015; Pelli et al 2006) that type-
faces with features that are difficult to identify are more difficult to process
—and hence less legible - than typefaces with easily identifiable features.

Bryden and Allard suggested a two stage perceptual process re-
lated to feature detection. The theory is that there is an initial stage of right
hemisphere activity of a global focus aiming at identifying relevant features,
which is proceeded by a second stage of left hemisphere activity of identi-
fication and naming of the target. Following this, for successful processing
of complex typefaces, the two stages will need to cooperate. However,
when processing more unadorned typefaces, the initial stage of identifying
relevant features might not be equally essential, as it comes as no surprise
where to locate the individual features needed for letter identification.

An interesting finding from Experiment 2 is that there is a signifi-

cant difference in threshold of perception between the Master typeface and

ContrastShadow, whilst there were no significant differences for the rest of
the typefaces in threshold of perception. This shows that not only does it
take significantly longer to process the ContrastShadow typeface compared
to the Master typeface, it also takes a significantly longer time before the

Adrian Frutiger's idea
of a basic letter matrix

Murray Hill

BCDE

Palace Script

superimposed on the four
typefaces that previously
have demonstrated right
hemisphere advantage
(Bryden & Allard 1976; Wagner
& Harris 1994).
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|
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participants reach the threshold at which they can consciously perceive
this typeface.
A closer look at the script typefaces that previously have shown

right hemisphere advantages (figure 7, top) demonstrates that the letter

skeleton differs more from the basic letter matrix than in the typefaces of
the Neutral Test family (figure 4). A further look at the heavy bold typefaces
that previously have shown right hemisphere advantages (figure 7, bottom)
demonstrates that the boldness produces tiny inner counters that in some
letters are almost non existing, a feature also not seen in the typefaces of the
Neutral Test family.

The hypothesis that the most embellished typefaces would have
an advantage when presented to the left hemifield / right hemisphere was
not supported in the present study. Following the observations above, this
result indicates that the visibility level of the letter skeleton might be the key
to producing either right or left hemisphere advantages. It is possible that
the placement of the essential features in the embellished typefaces of the
NeutralTest family was both more predictable and visible, and hence the
initial process of a global feature identification did not have to draw signifi-
cantly on right hemisphere processing.

If the shape of the letter skeleton is the reason why the NeutralTest

Swash typefaces did not produce right hemisphere advantage, the higher

visibility of the skeleton compared to Palace Script and Murray Hill, was how-
ever, not sufficient for the NeutralTest Swash typefaces to be highly legible.
The hypothesis that the embellished typefaces are less legible than typefaces
of unadorned style, was hence confirmed, as the Master typeface was the
most legible of them all. What is interesting is the internal legibility ranking
between the three features of swashes, reversed stroke contrast and shadow.

The typeface Contrast Shadow turned out more legible than
Swash, which does not have a shadow effect (Figure 8), and so it indicates
that the swash effect degrades the visual input more than both reversed
contrast and shadow effects. Furthermore, the shadow effect generally
degrades the visual input.

As the ornamentation of the Swash typefaces have the same stroke

thickness as the letter skeleton, skeletons and ornaments could be difficult

to separate, and so have a larger negative impact on the letter legibility than
typefaces which manage to maintain a common letter skeleton as in the
two Contrast typefaces. The negative effect of the Swash typefaces is even
stronger than the added drop shadow on ContrastShadow.

In short, the letter skeleton of the NeutralTest Swash typefaces is

too visible to induce a right hemisphere advantage, but not sufficiently vis-

ible to result in high legibility.

Conclusion

The data suggests that the style of typefaces, which facilitate additional
right hemisphere processing, must be highly script like or heavy weight
with small counters. This is concluded, as the tested versions in the present
investigation were not sufficiently extreme to show an effect.

The findings further indicate that embellished typefaces with

script like features are less legible than embellished typefaces of reversed

stroke contrast and of embellished typefaces that both have reversed stroke
contrast and a drop shadow.
To maximize legibility of embellished typefaces, type designers will

benefit from creating typefaces that maintain a more common letter skel-

eton. Instead the designer can play with the typeface’s expression in other
ways, such as in the treatment of the letter stroke, or by added additional
effects like a drop shadow. As long as the letter skeleton is maintained, type-
faces can carry a range of additional features, and still be relatively legible to
the reader.
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