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Effect of 
Typeface 
Complexity on 
Automatic  
Whole-Word 
Reading 
Processes

Abstract
Visually complex typefaces require more cognitive effort to process, which 
can impact reading efficiency, and have been associated with disfluency 
effects. Since our environments may include an increasing range of demand-
ing reading scenarios—to which we are expected to respond, sometimes 
with speed and accuracy—it is important to develop an understanding 
of how reading proficiency may be affected as a result. With a focus on 
how automatic reading processes may be affected, this study explores the 
impact of typeface complexity, determined by stroke length and system-
atically measured using perimetric complexity, by using the well-known 
Stroop Color and Word Test. We show that automatic whole-word reading 
can be negatively affected by typefaces with extremely complex features, 
but that moderately complex typefaces have little effect. This suggests that 
hard-to-read typefaces do impair word reading (i.e., they are disfluent) but 
that skilled readers are able to tolerate a high degree of complexity. It also 
highlights the utility of cognitive tests for identifying typefaces that are dif-
ficult to read.

Keywords: 
typeface complexity; 
font design; 
Stroop Test; 
automatic reading; 
disfluency effect
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Introduction

Varying the visual complexity of letterforms is associated with a novelty 
effect like that seen in font tuning (Gauthier et al., 2006; Sanocki, 1987, 1988; 
Sanocki & Dyson, 2012), which states that readers must adjust and learn new 
shapes of typefaces that are unfamiliar or novel in style. It can be argued 
that the further novel letter shapes stray from the neutral letter skeleton, 
the more learning a reader must do, which may impact reading efficiency, 
resulting in a “bottleneck” in visual perception (Bernard & Chung, 2011; Pelli 
et al., 2006). Since there are indications that embellishments like exagger-
ated swash1 styles inhibit letter identification (Beier et al., 2017), this study 
investigates the automatic processing of words and the effect of added 
visual complexity defined by increasing the stroke length of letterforms, 
inspired by swash embellishments. Automatic reading processes refer to 
reading actions that are perceived to be effortless by skilled readers and 
include activities that have been developed over time through continued 
practice. This includes actions such as letter recognition and word reading 
and tends to demand only minimal attention and cognitive load2 (Walczyk, 
2000). In this study, we examine automatic whole-word reading processes 
by drawing on a standard Stroop Test paradigm.

Word Identification  
and Font Disfluency

The effect that swash embellishments and exaggerated letter strokes have 
on reading can be informed by existing letter and word identification lit-
erature. There is a general consensus in cognitive neuroscience that feature 
detection describes the primary means for letter identification, purport-
ing that readers access specific unique and identifiable parts of letters in a 
hierarchical manner, rather than drawing on the whole letter, during reading 
(Grainger et al., 2008). Letters and words are further recognized through par-
allel hierarchical processes distinguishing letter features, whole letters, and 
words (Coltheart et al., 2001; Reichle, 2020). Further, it is important to note 
that a number of  experiments attempt to understand letter recognition 

1   A swash is an embellishment, flourish, or decorative element, sometimes seen on fonts 

like scripts. Swash embellishments are added at letter terminals and may include an exaggerated serif or tail. 

The tested letterforms in this study do not contain swash embellishments in the traditional sense since we have 

increased the stroke length throughout the letterform; however, we are inspired by the added visual complexity 

of these decorative elements and interested in their impact on legibility. 

2   Counterpart to automatic reading processes are controlled reading processes. These 

are more cognitively demanding and include more complex activities, like decoding an unfamiliar word and 

integrating meaning, and also require conscious attention (Walczyk, 2000).

by identifying the essential features readers rely upon by using techniques 
such as degrading or removing parts of the stimuli letters. However, several 
discrepancies can be observed with the results. These experiments have 
shown that eliminating the middle portion of letters resulted in the worst 
performances compared to eliminating the junctions and stroke termina-
tions (Petit & Grainger, 2002; Rosa et al., 2016); conversely, others state that 
it is worse to eliminate the junctions than the midsections (Lanthier et al., 
2009). Others again have found that removing stroke terminations created 
the most difficulty for letter recognition (Fiset et al., 2008). 

The discrepancy across these experiments is 
concerning, but not uncommon. It may be due to individual differences 
across readers, which is evidenced in Dyson and Brezina (2021) who showed 
that individuals with typographic expertise are more sensitive to typo-
graphic variation than those who are untrained, and that this can affect their 
judgements of learning. It may also be due to stylistic differences in the 
typefaces used to develop test materials. The visual and stylistic properties 
of typefaces may play a role in the outcomes reported in legibility studies, 
particularly when typefaces originating from broad typeface categories are 
compared, e.g., serif and sans serif or monospaced and non-monospaced. 
Thus, isolating and accounting for stylistic typographic variables are impor-
tant considerations in legibility experiments since tests that draw on a range 
of different typeface families may introduce variables that are unaccounted 
for in the results.

It is suggested that the ease with which letters and 
words can be recognized is affected by the clarity and visual simplicity of 
the font design. By overlaying the same letters in a range of common fonts, 
Figure 1 shows how a “neutral” or “standard” letter skeleton can be identified. 
Letters that closely align to the neutral skeleton are easier to recognized, 
or are more fluent, because their shape draws on familiar, idealized, or 
essential letter shapes (Beier et al., 2017; Frutiger, 1989). Conversely, font 
styles that include deviations from the neutral skeleton, such as those with 
added embellishments, have been shown to inhibit letter recognition (Beier 
et al., 2017; Pelli et al., 2006) as a result of their visual complexity. The visual 
complexity of a letter can be determined by measuring perimetric complex-
ity, which is the measurement of the perimeter of a character (inside and 
outside). The perimeter total is squared and then divided by the “fill” or “ink” 
area (Pelli et al., 2006). Letters that have exaggerated stroke lengths, like 
those with swash embellishments, are likely to have a higher perimetric 
measurement and are, therefore, considered to be more complex.
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Fi g u r e  1 

Series of overlapping typefaces 
demonstrating the neutral, 
common, or familiar letter 
skeleton. Fonts used are both 
serif and sans serif and are a 
representation of commonly used 
varieties. They are: Baskerville, 
Helvetica, Minion Pro, Myriad Pro, 
Times New Roman, and Verdana.

The visual complexity of a typeface is likely one 
factor that contributes to disfluency effects in reading, which is described 
as the perceived effort needed to complete a reading task (Oppenheimer, 
2008). Studies show complex typefaces attract more cognitive effort on both 
perceptual and higher-order levels (Keage et al., 2014; Thiessen et al., 2015), 
but whether this extra effort is desirable for reading related tasks continues 
to be debated (Diemand-Yauman et al., 2011; Geller et al., 2020; Taylor et al., 
2020; Thiessen et al., 2020). It is easy to see the importance of this discus-
sion in the context of functional reading and the impact that environmental 
distractions have on attention. It is argued that a better understanding 
of which typographic features disrupt automatic reading may improve 
outcomes for these more cognitively demanding tasks. Complex reading 
scenarios are becoming more commonplace and readers are expected to 
interact with displays that “allow information to be presented to a driver 
without necessitating glances away from the roadway, a security camera 
might provide location information over feed, or a display might deliver 
notification information superimposed over a user-selected background” 
(Sawyer et al., 2020, p. 865). 

The prospect of receiving information without 
looking away from the road while driving has the appeal of efficiency and 
safety; however, this may be very far from the truth and a reader’s capacity 
to process such visually complex information could be severely compro-
mised. Sawyer and colleagues (2020) showed that the level of complexity of 
both background information and the typeface layered over top can impact 
legibility in glanceable reading scenarios (e.g., driving). In fact, techniques 
that typographers may rely on to improve legibility when layering type over 
an image, like adding an outline, was shown to reduce legibility compared 
to less visually complex techniques, like adding a drop shadow. Since more 
visually complex typefaces require more cognitive attention to decipher at 
the most basic level (Keage et al., 2014), increased visual complexity during 
reading tasks is likely to disrupt the ability to respond to instruction with 
speed and accuracy. It is, therefore, important to consider what impact the 
visual complexity of typefaces may place on cognitive processing tasks, like 
automatic reading.

The Stroop Task

We measured reaction times across typefaces varying in complexity using a 
standard Stroop task paradigm. The Stroop Color and Word Test is an effec-
tive experimental approach for testing a variety of cognitive phenomena, 
including cognitive interference and automatic processing (Brown et al., 
2002; Hanslmayr et al., MacLeod, 1991; Stroop, 1935). A standard Stroop task 
often involves presenting participants with lists of words that name colors, 
which are presented in either a congruent (“brown” printed in brown color) 
or incongruent (“brown” printed in blue color) text color, demonstrated in 
Figure 2. The task typically involves two tests: a “name the color” test, where 
participants must identify the color of the text and ignore the meaning of 
the word; and a “name the word” reading test, where participants must read 
the word and ignore the text color. 

Fi g u r e  2

Congruent stimuli is consistent 
across the word and the print 
colour; whereas, with incongruent 
stimuli the print colour is different 
to the written word.

Two of the most notable findings from Stroop task 
research are interference and asymmetry. Stroop interference is character-
ized by incongruent stimuli producing slower reaction times (RT) compared 
to congruent stimuli, and is proposed to arise from the conflicting semantic 
representation of the incongruent color and text (Dalrymple-Alford, 1972; 
Klein, 1964; Roelofs, 2003). Stroop asymmetry describes a more pronounced 
interference pattern for the color naming test when compared to the word 
reading test. For example, in the color naming test, incongruent stimuli 
generate considerably slower RTs than congruent stimuli, whereas the 
difference in RTs between incongruent and congruent stimuli in the word 
reading test is less prominent (MacLeod, 1991; Stroop, 1935). This asym-
metry is understood to arise from stronger automatic processing in reading 
compared with color identification. Given word meaning is obtained faster 
and without active attention; this results in a greater presence of conflicting 
semantic representations in the color naming test compared with the word 
reading test (MacLeod, 1991).
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Hypotheses

This experiment is concerned with the impact of typeface complexity, 
defined by exaggerated stroke length, on automatic reading processes. The 
findings promise to not only contribute to theories of word recognition, but 
may also be used to improve functional readability by optimizing reading 
speed and comprehension and providing a better understanding of the role 
visual complexity plays in reading fluency. These are important factors for 
both font and text design. We hypothesized (H1) that we would replicate 
previous Stroop task findings by observing an interference effect, demon-
strated by slower RTs for incongruent stimuli compared with congruent 
stimuli. We expected (H2) that we would also observe interference asymme-
try, demonstrated by a larger interference effect when participants are asked 
to name the color the word is printed in (name-color test) compared with 
naming the word that is written out (name-word test). Further, we expected 
to replicate the disfluency effect (H3) by observing slower RTs with increas-
ing typeface complexity for the name-word test. It was not expected that 
this would be observed in the name-color test because typeface complexity 
should not reduce the ability of participants to identify print color. Lastly, we 
expected (H4) that there would be differences in the pattern of RTs when 
typeface complexity, congruency, and test are considered, and that RTs for 
incongruent stimuli in the name-color test decrease with increasing type-
face complexity (which would be the opposite pattern of the name-word 
test). This is because the disfluency effect should interfere with automatic 
word processing, thus reducing the capacity of conflicting semantic repre-
sentations to inhibit text color identification (i.e., reducing the interference 
effect). RTs for congruent stimuli should not differ as a function of typeface 
complexity in the color naming test, as interference is not present.

Experiment
We measured reaction times (RTs) using an online standard Stroop task para-
digm of word reading (name-word) and color naming (name-color) across 
four font stimuli gradually increasing in stroke length.

Participants
Participants were recruited using the online 

recruitment platform Prolific (prolific.co), and were paid a competitive 
honorarium. Approval was obtained from Monash University Human Ethics 
Low Risk Review Committee. Participants were required to read a participant 
information statement before beginning the experiment and consented 
to take part by clicking into the task window and completing the task. 

Participants were recruited from all countries, but were required to have 
completed or be currently enrolled in a Bachelor’s degree program ensuring 
skilled reading capabilities. All participants self-reported being fluent in 
English, having normal or corrected to normal vision, and normal color pro-
cessing. Data from a total of 200 participants were included in the analysis. 
There were 98 female and 102 male participants, and the average age was 
23.6 years. 

Materials
Single-word stimuli describing each of the four 

colors (red, blue, green, and brown) were presented in lower case letters in 
one of the four test typefaces at an x-height3 of 40px and appeared centrally 
on a white background at a resolution of 150ppi. Building on Beier et al. 
(2017), the test typefaces are a variable font format designed for use in 
this experiment. The family consists of four typeface variations developed 
from a consistent letter skeleton, allowing us to isolate the stroke length. 
Shown in Figure 3, the four test typefaces can be located on a scale with the 
NeutralTest 1 at one extreme, following ideas of a universal letter skeleton 
(Frutiger, 2008), and NeutralTest 4 at the other extreme, being highly com-
plex with stroke exaggeration that distorts the basic letter skeleton. The two 
remaining typefaces (NeutralTest 2 and 3) were interpolated between the 
outer extremes. The perimetric complexity of each typeface variation was 
measured and shown in Table 1.

Fi g u r e  3

Drawing on the test fonts of 
Beier et al. (2017), the test fonts 
gradually increase in length of 
the stroke across four levels of 
increased swash embellishments.

3   The x-height is a variable measurement determined by the height of the lower-case letter x.  
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TABLE 1

Summary of the perimetric 
complexity of each letter used 
across the 4 tested fonts.

Great care was taken to ensure that the only dif-
ference between the four test typefaces related to the stroke length. The 
letter skeleton, along with other typographical parameters, such as letter 
weight and stroke contrast, were identical across stimuli tests. One excep-
tion was the letter width, which was increased when stroke exaggeration 
extended into the left and right side bearings of the universal letter skeleton 
(this is mainly seen in the letters “b,” “d,” “l,” “r,” and “n”). Isolating typographic 
variables in this way is an advantage for legibility experiments since tasks 
that draw on a range of different font families may introduce variables that 
are unaccounted for in the results. 

We used the Internet platform Gorilla (gorilla.sc) 
to administer the experiment and adapted an existing Stroop template. 
An example of the stimulus presentation is shown in Figure 4. We included 
a guide at the bottom of each screen to support participants in correctly 
selecting the corresponding keyboard letter, and eliminate the likelihood 

of errors associated with incorrect recall. The colors and corresponding keys 
remained consistent across the entire experiment and were selected for 
their proximity on keyboards and typical finger placement for typing. We 
were also conscious that including additional text-based information should 
look as different as possible from the stimuli text, and all instructions were 
presented in a default sans serif typeface determined by each participant’s 
browser settings.

Fi g u r e  4

Example of stimulus. We adapted 
a Gorilla Stroop template by 
including reference to the key 
colour mapping and since 
participates competed both the 
name-word and name-colour 
tests in a single sitting we 
included instruction with each 
stimulus to reduce the likelihood 
of errors based on confusion.

Table 1: Summary of the perimetric complexity of each letter  

used across the 4 tested fonts. 

 Font 

Letter D1 D2 D3 D4 

b 114.06 142.72 165.76 203.58 

d 117.17 151.11 181.99 221.75 

e 102.42 100.5 108.28 110.68 

g 152.5 188.22 200.82 211.91 

l 57.61 66.51 89.92 113.13 

n 92.71 107.46 130.12 155.77 

o 90.56 98.97 106.65 117.77 

r 54.53 78.03 113.09 138.19 

u 89.1 107.11 120.36 157.45 

w 129.12 130.83 149.78 151.09 

Average 99.978 117.146 136.677 158.132 
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Procedure
Novel to legibility research, we drew on the online 

platform Gorilla to host and administer the experiment, which meant that 
participants completed the experiment using their own devices. The advan-
tage of this approach is that participants are familiar and comfortable with 
their devices and how those are set up, and are therefore more likely to be 
able to use the devices with proficiency. Participants were also able to com-
plete the study at a time that suited them. We cannot know the personal 
setup of each participant, but we were able to specify that the study was 
completed on a desktop or laptop, as opposed to a tablet or mobile phone.

The study took approximately 20 minutes to 
complete. Participants were shown stimuli across two naming tests: (1) 
name-word, in which participants were asked to ignore the print color and 
indicate the word that was written out, and (2) name-color, where they were 
asked to name the color the word appeared in and ignore the word that was 
written out. Both tests were presented in a congruent stimulus (e.g., color 
blue in the written word “blue”) and an incongruent stimulus (e.g., color blue 
in the written word “brown”). Participants were shown stimuli in six blocks 
of 64 stimuli (25% congruent, 75% incongruent) where each word stimulus 
across the four test typefaces was presented in each of the four correspond-
ing colors (red, blue, green, and brown). Stimuli were presented one at a 
time in random order for up to 3 seconds and participants responded by 
pressing a key on their keyboard corresponding to the colors. Participants 
were required to successfully complete practice rounds before each naming 
condition to 90% accuracy, up to three rounds. Only after the success-
ful completion of practice were participants able to progress to the main 
study. This was to ensure they were familiar with the test and that they were 
responding quickly and with accuracy. They then completed 3 blocks for 
each test (name-word and name-color); the order the tests were completed 
in was counterbalanced across participants.

Statistical Analysis
All data processing and statistical analyses were 

performed using statistical packages and customized scripts on R 4.0.4 (R 
Core Team, 2021). Incorrect trial responses were removed (3.5% of data). 
Two participants were excluded due to error rates being above chance level 
(likely due to misunderstanding or malingering). Trials with RTs under 100ms 
were removed, as visual stimuli processing and motor responses physiologi-
cally cannot be enacted on these time scales. Each participant’s mean error 
rate was then calculated for each test (i.e., name-color or name-word). Mean 
RTs and standard deviations (SDs) for each font disfluency level (1–4) within 
each test (name-colour or name-word) and stimuli congruency (congruent 

or incongruent) were calculated for each participant (i.e., 16 means and SDs 
per participant). Thirteen participants with mean RT z-scores of >3 or < –3 
had their data removed to prevent extreme outliers from influencing the 
results. In total, 200 participants were included in our analysis.

The mean RTs were analyzed with a 2 (stimuli 
congruency) x 2 (test) x 4 (font complexity) repeated measures analysis of 
variance (ANOVA) utilizing the Greenhouse–Geisser sphericity correction 
method. The results of the ANOVA were considered statistically significant 
at p<0.05. A histogram of the ANOVA’s residual values, in conjunction 
with their skew and kurtosis coefficients, were considered to ensure the 
data were normally distributed. Post-hoc comparisons were performed 
with paired sample t-tests, with statistical significance set at a Bonferroni 
adjusted alpha. Alphas were set at 0.025 (0.05/2) for the test x congruency 
interaction, 0.00417 (0.05/12) for the test x font complexity interaction, and 
0.00125 (0.05/40) for the three-way interaction. Cohen’s d values were calcu-
lated for each of these tests as measures of effect size.

Results

A three-way ANOVA was performed to analyze the effect of typeface 
complexity, test, and congruency on RT. All four sources of variance relevant 
to our hypotheses (congruency; test × congruency; complexity × test; com-
plexity × test × congruency) produced significant effects, as demonstrated 
in Table 2.

TABLE 2

Summary of the 2 (stimulus 
congruency) x 2 (test) x 4 
(typeface complexity) repeated 
measures ANOVA.

The results replicate previous Stroop task findings, 
demonstrating Stroop interference and proving Hypothesis 1 (H1) in show-
ing there was a moderate and significant main effect of congruency (see 
Table 2). Incongruent stimuli (M=803ms, SD=126) produced significantly 
slower RTs than congruent stimuli (M=748ms, SD=132).

Table 2: Summary of the 2 (stimulus congruency) x 2 (test) x 4 (typeface complexity) 
repeated measures ANOVA. 

 

 F η2G p 
Complexity (comparing the four typefaces) 42.48 0.012 <0.001 
Test (comparing name-word and name-colour) 0.03 <0.001 0.867 
Congruency (comparing congruency and 
incongruency) 

434.35 0.045 <0.001 

Complexity × Test 42.76 0.014 <0.001 
Complexity × Congruency 1.21 <0.001 0.304 
Test × Congruency 39.61 0.005 <0.001 
Complexity × Test × Congruency 10.86 0.003 <0.001 
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There was a small and significant main effect of 
the interaction between test and congruency (see Table 2). Post-hoc com-
parisons revealed that incongruent stimuli (M=813ms, SD=126) produced 
significantly slower RTs than congruent stimuli (M=739ms, SD=128) in the 
name-color test. Incongruent stimuli (M=792ms, SD=126) also produced sig-
nificantly slower response times than congruent stimuli (M=756ms, SD=134) 
in the name-word test. The size of the effect was larger for the name-color 
test (d=-0.58, p<0.001) than the name-word test (d=-0.29, p<0.001), show-
ing Stroop asymmetry and supporting Hypothesis 2 (H2).

There was a small and significant effect of com-
plexity × test interaction (see Table 2). Post-hoc comparisons revealed that 
there were no significant differences between the four complexity levels in 
the name-color test. In the name-word test, Hypothesis 3 (H3), which stated 
that RTs would slow as typeface complexity increased, was confirmed in that 
there were significant differences between the most complex stimuli (D4) 
and the three other complexity levels, all with moderate effect sizes (see 
Table 3). There were no significant differences in the comparisons between 
the other three complexity levels in the name-word test.

TABLE 3

Summary of the post-hoc 
paired sample t-tests for the 
typeface complexity x test 
interaction. Bonferroni adjusted 
alpha=0.00417. 

There was a small and significant effect of the 
congruency x test x typeface complexity interaction (see Table 2 and Figure 
5). For the congruent stimuli in the name-color test, a small and significant 
difference was observed between D2 and D4 (see Table 4), with D4 produc-
ing slower RTs than D2. For the incongruent stimuli in the name-color test, 
there was a significant difference between D1 and D4 (see Table 4), with D1 
producing slower RTs than D4. In the name-word test, there were significant 
differences between D4 and the three other complexity levels for both con-
gruent and incongruent stimuli, all with moderate effect sizes (see Table 4). 
There were no significant differences identified between the other complex-
ity levels in the three-way interaction. Significant differences were observed 
between tests for three complexity levels (D1, D2, and D4) of the incongru-
ent stimuli. D1 and D2 produced slower RTs in the name-color test, whereas 
D4 produced slower RTs in the name-word test (see Table 4). These results 
are consistent with the pattern that was expected under Hypothesis 4 (H4). 

Table 3: Summary of the post-hoc paired sample t-tests for the typeface  
complexity x test interaction. Bonferroni adjusted alpha=0.00417. 

Test Complexity comparison p Cohen’s d 

Name-colour  D1 vs D2 0.010 0.10 

 D1 vs D3 0.005 0.11 

 D1 vs D4 0.025 -0.090 

 D2 vs D3 0.84 0.008 

 D2 vs D4 0.73 -0.014 

 D3 vs D4 0.58 -0.022 

Name-word D1 vs D2 0.81 0.009 

 D1 vs D3 0.12 -0.063 

 D1 vs D4 <0.001 -0.52 

 D2 vs D3 0.070 -0.07 

 D2 vs D4 <0.001 -0.54 

 D3 vs D4 <0.001 -0.47 

 

 

Fi g u r e  5

A graphical representation 
of the congruency x test x 
typeface complexity interaction. 
Bars indicate significant 
differences (Bonferroni adjusted 
alpha=0.00125).
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TABLE 4

Summary of the post-hoc paired 
sample t-tests for the congruency 
x test x typeface complexity 
interaction. Bonferroni adjusted 
alpha=0.00125.

Table 4: Summary of the post-hoc paired sample t-tests for the congruency x test x 

typeface complexity interaction. Bonferroni adjusted alpha=0.00125. 

 

Test comparisons   p Cohen’s d 

Name-colour vs Name-word  Congruent D1 0.85 0.016 
  D2 0.21 -0.11 
  D3 0.52 -0.049 
  D4 <0.001 -0.36 
 Incongruent D1 <0.001 0.45 
  D2 <0.001 0.40 
  D3 0.054 0.18 
  D4 <0.001 -0.40 

Congruency comparisons     

Congruent vs Incongruent Name-colour D1 <0.001 -0.65 
  D2 <0.001 -0.74 
  D3 <0.001 -0.56 
  D4 <0.001 -0.36 
 Name-word  D1 <0.001 -0.21 
  D2 <0.001 -0.23 
  D3 <0.001 -0.32 
  D4 <0.001 -0.40 

Complexity level comparisons     

Name-colour  Congruent D1 vs D2 0.006 0.15 
  D1 vs D3 0.21 0.069 
  D1 vs D4 0.35 -0.051 
  D2 vs D3 0.14 -0.081 
  D2 vs D4 <0.001 -0.20 
  D3 vs D4 0.028 -0.12 
 Incongruent D1 vs D2 0.29 0.058 
  D1 vs D3 0.005 0.16 
  D1 vs D4 <0.001 0.23 
  D2 vs D3 0.077 0.097 
  D2 vs D4 0.002 0.17 
  D3 vs D4 0.16 0.076 
Name-word  Congruent D1 vs D2 0.74 0.018 
  D1 vs D3 0.89 -0.007 
  D1 vs D4 <0.001 -0.43 
  D2 vs D3 0.64 -0.025 
  D2 vs D4 <0.001 -0.45 
  D3 vs D4 <0.001 -0.43 
 Incongruent D1 vs D2 0.98 -0.001 
  D1 vs D3 0.031 -0.12 
  D1 vs D4 <0.001 -0.62 
  D2 vs D3 0.029 -0.12 
  D2 vs D4 <0.001 -0.62 
  D3 vs D4 <0.001 -0.50 

Discussion

Our data provide evidence for several interesting conclusions relevant for 
typographic research and contribute to our understanding of legibility. First, 
we have shown that typeface complexity, determined by stroke length, 
disrupts automatic reading processes; however, the fact that we only saw 
this effect with our most extreme typeface variation (D4) suggests that 
readers have a high disfluency threshold and are able to cope with high 
levels of typeface complexity with relative ease. Second, our data showed 
that the most complex typeface variation tested (D4) resulted in slower RT 
for the name-word test, which confirmed an expected increase in difficulty 
for this test that is likely the result of poor legibility (H4). In the incongru-
ent name-color test, the opposite was the case, with faster RTs for our 
most complex typeface (D4) compared to the congruent stimulus. Third, as 
predicted, we replicated the original findings of Stroop (1935), in showing 
interference where incongruent stimuli resulted in slower RT (H1). We fur-
ther found asymmetry between the name-color and name-word tests (H2). 
By matching results of other Stroop task research (Stroop, 1935), we validate 
the online format of the Stroop task and ensure that our new findings of 
word processing across multiple levels of stroke length is valid as well. This 
suggests value for typography and legibility research because the Stroop task 
can be used to index automaticity and speed, since it has shown to be a reli-
able measure of cognitive processing and can be used as a quick and effec-
tive tool for identifying typefaces that are likely to be problematic for readers. 
Further, administering the task online using platforms like Gorilla provides 
opportunity to test large numbers of participants quickly and efficiently.

That we saw a disfluency effect only with our most 
complex typeface may speak to the discrepancy in the disfluency literature. 
Discussed in Thiessen et al. (2020), the literature has seen considerable 
debate about whether difficult-to-read typefaces can improve performance 
with certain cognitive tasks related to memory and attention. With experi-
ments showing inconsistent results, it is difficult to draw any definitive con-
clusions. In this experiment, we have shown that only extremely complex 
typeface variations disrupt automatic reading processes, which suggests 
that the lack of consensus may be attributed to whether or not the experi-
ment stimuli were complex enough to be disruptive. Since our data have 
also revealed the Stroop task to be an efficient way to identify typefaces that 
will disrupt reading, there is opportunity to develop a better understanding 
about the disfluency effect with further research.

The participants who completed this experiment 
were university educated and skilled readers, which may account for why we 
did not see a lower disfluency threshold or why we did not observe RTs that 
correlated more directly with increasing typeface complexity (H3). Coping 
with and quickly tuning to a range of different typefaces and typeface styles 
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(Gauthier et al., 2006; Sanocki, 1987, 1988; Sanocki & Dyson, 2012) may be 
an important skill that is part of reading development and may be a result of 
exposure to a wide variety of reading materials; our participant group may 
be more practiced in this regard than a more diverse reading population, 
which may have contributed to this result. Nonetheless, our data show align-
ment with event-related potential (ERP) data, where Keage and colleagues 
(2014) analyzed ERPs following a letter recognition task and demonstrated 
that several stages of letter recognition were disrupted by typeface 
complexity. Their findings suggested that typeface complexity elicited a 
greater degree of perceptual attention and affected higher order cognitive 
processes such as visual working memory (Keage et al., 2014; Thiessen et 
al., 2015). This is supported by our findings of slower response times for the 
most complex typefaces, which likely require increased cognitive effort dur-
ing reading activities.

Our most extreme typeface variation showed 
slower RTs for the name-word test, but interestingly, a faster RT was ob-
served for the name-color test. This suggests that the participants may have 
utilized identification processes during the name-color test that were more 
in line with image (i.e., pictorial) than word identification. That is to say, it 
appears participants may not have read the words at all, but rather looked 
only at the display color. In effect, the typeface’s complexity may have facili-
tated this visual image processing by reducing linguistic interference, which 
may be far more challenging when verbal information is presented in less 
visually complex typefaces and is thus more accessible. This provides further 
evidence that typeface complexity disrupts automatic reading processes, 
specifically through compromising legibility.

By developing test fonts from the same skeleton, 
we were able to control for other letter characteristics that might introduce 
unaccounted-for variables. For example, as seen in Figure 6, Times New 
Roman and Helvetica are familiar and often-compared fonts. These two ex-
amples differ dramatically across several stylistic features that can influence 
their comparison. One key difference is that Times New Roman is a serif font. 
In broad terms, serif fonts tend to draw influence from old style letterforms 
that have a long history rooted in a calligraphic tradition.4 This tends to 
inform certain features, like stroke variation and the contrast between the 
thick and thin strokes comprising the letterform. The angle of the letter axis, 
serif shape, and the aperture size (Bringhurst, 1997) are also influenced. 
Helvetica is sans serif and demonstrates Modernist ideals that celebrate 
regularity and clean lines. This means that Helvetica, and fonts like it, tend to 
have little to no stroke variation, a vertical letter axis, and moderate to small 
apertures (Bringhurst, 1997). Although these are primarily stylistic features, 

4   More specifically, Times New Roman is a Transitional font, which means it has some 

characteristics that are associated with old style letterforms, as well as other characteristics associated with more 

Modern serif styles that feature high contrast strokes like those seen in Bodoni, for example.

they translate into letterforms that have substantial visual differences that 
may impact reading performance, such as differences in x-heights, counter 
space and aperture size, and ascending and descending features. These are 
all factors that can impact legibility and readability (Beier, 2012). By working 
from a single letter skeleton and isolating a single variable, we are able to 
say with a higher degree of certainty that any differences in performance 
seen in the data are related to the visual complexity resulting from an 
increase in stroke length. This is seen to be an important advantage for 
experimental designs investigating legibility; however, it is also important 
to recognize that the typefaces tested here have been created for testing 
purposes and, as a result, may lack some design features common in com-
mercially available fonts. That is to say, they have not been designed for use 
in environments, and further research is needed to better understand the 
effect of visual complexity in realistic reading scenarios.   

Conclusion

In a novel application of the Stroop Test, we replicated previous identified 
Stroop patterns (Stroop, 1935) and further showed that only a typeface of 
extreme complexity impaired word recognition. That is to say, on a scale 
ranging from a level of simple or neutral letter shapes to a level of extreme 
complexity—in our case, achieved by increasing letter stroke length—we 
found consistently slower RTs only for the extreme typeface variation when 
participants identified words (i.e., significantly decreased legibility) and 
faster RTs when they identified colors (i.e., word meaning was not interfering 
with color identification). These results follow multiple previous experiments 
that employed different experimental paradigms and collectively showed 
legibility impairment with visually complex typefaces (Brown et al., 2002; 
Hanslmayr et al., 2008; MacLeod, 1991; Stroop 1935). We add to this by dem-
onstrating the effect solely at the extreme typeface complexity level.

Fi g u r e  6

Comparing the typefaces 
Helvetica and Times New Roman 
presented at the same point size. 
Typefaces with a larger x-height, 
like Helvetica, can appear larger 
when compared to one with 
a smaller x-height, like Times 
New Roman, even when they 
are the same point size. Other 
stylistic differences like whether 
a typeface is serif or sans serif 
and counter and aperture size 
can influence legibility and 
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