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Abstract: Background: Format readability, including font and spacing, impacts reading metrics in
adults, but will the research generalize to children? We examined how eight fonts (four serif and four
sans serif) and three-character spacing variations influenced children’s reading comprehension and
reading speed. Methods: Fifty-one students in third-fifth grade read 11 narrative text passages on
a computer and answered comprehension questions. Passages were randomized in terms of order.
First, the font in which the text of each passage was presented was manipulated. Then passages
were presented in three spacing manipulations (narrow, normal, and wide). Results: A linear mixed
effects model demonstrated that, on a group-level, passages presented in Roboto and Arial font
were read significantly faster (words-per-minute) than other fonts. On the individual level, students
experienced significant boosts in reading speed (words-per-minute) between their best and worst
fitting font, and spacing. A chi-square test showed no one font or spacing setting that was most likely
to be a students’ font fit or clash. For reading comprehension, no speed—comprehension tradeoff was
observed. Conclusions: Changes to text format at the group and individual level may yield boosts in
reading speed for students, without negatively impacting reading comprehension.

Keywords: literacy; fluency; comprehension; information design; typography; elementary education;
educational technology

1. Introduction

In a 2022 report from the National Center for Education Statistics, only 33% of fourth
graders and 31% of eighth graders [1] were reading at proficient levels in the United
States. Fueled by the COVID-19 pandemic, reading achievement gaps have been further
widened for children in the U.S since 2019 [2], and worldwide the situation has been
called ‘nearly insurmountable’ [3], particularly for minority children who come from
disadvantaged backgrounds [4]. Increases in the use of technology offer an opportunity to
create a more engaging and accessible learning environment for young readers to achieve
greater outcomes. One affordance that is being studied by a growing community of
readability researchers, and that can effectively support readers, is format readability [5-10].
Readability refers to the degree to which a reader can understand a written text and can
depend upon both its semantic content and visual presentation. In this study, we place
focus on visual presentation, which we refer to as format readability and which is separable
from content readability, which includes the difficulty (grade) level or topic of a text. Format
readability refers to how the typographical features of text, including aspects such as font
and spacing, impact reading metrics, which in this work include comprehension and speed.
Early format readability research with adults and children show significant gains in reading
speed when reading in optimal formats which are a ‘fit” for the individual, as compared
to formats which are least optimal, or a ‘clash’ [5,9]. Advances in educational technology
development for K-12 classrooms mean that children are reading on digital displays more
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than ever before, but improved format readability of digital text has been mostly overlooked
as a feature that can support learning, and format readability research with children lags
behind promising research with adult populations. The primary purpose of this study was
to determine how format readability influences child reading performance by adapting
testing methods from an assessment previously used with adults and to determine the best
methods for assessing the impact of format readability in child populations.

1.1. Format Readability Research
1.1.1. Format Readability in Adults

Format readability is a relatively new construct, supported by research showing that
matching typography to individual needs leads to large performance gains in reading speed,
while comprehension remains constant. This effect is independent of content readability
and instead rooted in individual differences in visual function [5,9-11]. For example,
matching an individual to a font that fits their needs, from among common fonts, leads
to an average 35% change in reading speed, with stable comprehension as compared to a
reader’s least optimal font [10].

The benefits of providing larger font types for older adults and the vision-impaired
have been long understood. However, this recent psychophysical work instead controls
for the effects of font size and content level to reveal effect size performance differences for
individuation of size-normalized fonts and spacing. Format readability gains can be also
achieved through spacing and line length, but font is the largest effect size manipulation [12].

Font familiarity and preference do not significantly impact format readability, and
adult readers are not metacognitively able to identify formats that will serve them well [8].
Rather, the present literature tests each participant with a range of common formats in a
diagnostic manner roughly analogous to a vision test and relies upon objective performance
rather than subjective judgement. This diagnostic process is time consuming, and, in
the case of fonts, this means that participants are tested only on the most commonly
available. It is unlikely that “font affinity” exists, or that there are truly “Times New Roman’
people. Rather, it seems more likely that aspects of each font act as affordances addressing
individual differences in visual function.

Exploration of mechanism in format readability is the goal of a growing body of format
readability researchers. Work is underway to identify the constituent underpinnings of
individual font ‘fits” and ‘clashes’, as well as appropriate metrics to measure their impact.
Already, a helpfully nomothetic speed-for-comprehension tradeoff in reading has been
characterized in adult populations [10]. Large individual differences in the degree to which
letter and word identification is impaired by surrounding clutter from other letters, a
phenomenon known as visual crowding, provides additional clues [13-16]. These findings
have inspired early theoretical models. Specifically, it is presently hypothesized that many
typographic aspects of information design impact aggregate information density and that
increased information density is beneficial up until an individual threshold is exceeded.
At that point, aggregate speed-for-comprehension falls off rapidly. Certain clusters (age,
learning disabilities, visual impairments, etc.) within the population may find certain
aspects of typographic design (such as letter or line spacing or font width, for example)
more or less helpful in this overall information density function, and, as such, factors such as
clinical conditions, operational conditions, and age likely exert mediating and moderating
effects. Likewise, certain fonts may cluster in terms of the features they provide to clusters of
readers. To test these assumptions, an assessment was needed to manipulate such features.
Rather than relying on subjective judgment of format needs, the current literature conducts
comprehensive format testing on participants akin to a vision test, The Assessment for
Readability Format—Adults (ARF-A) [9]. In the ARF-A, readers are presented with short
passages, which they read silently, and answer comprehension questions. The format of the
passages varies across each passage, testing both fonts and then spacing. More details about
the design of this assessment are described in the Method section. Diagnostic tests also
appear to be necessary, as font familiarity and reader preference do not significantly affect
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format readability [8]. Past research on format readability typically engaged a restricted
selection of common fixed fonts (usually between eight and 16) and separately modified
other typographical settings such as spacing. This strategy can pinpoint a preferable font
from a given set, but it may also fail to fully exploit a reader’s potential, leaving room for
possible improvements with untested fonts.

For young readers, the opportunity to optimize reading performance without the need
for time and resource-intensive interventions could also have significant impact. However,
format readability in children is less well studied relative to the adult-facing literature.
The ARF-A was adapted for early pilot work with children to create The Assessment for
Readability Format-Children (ARF-C).

1.1.2. Format Readability Research in Children

The use of technology has become a part of everyday life for children both at home, in
the classroom, and, for many children, well before they even begin kindergarten [17]. While
the overall content and strategies taught in various educational platforms are of utmost
importance, it is also crucial to consider how the design of technology may either hinder or
enhance both the development of reading skills and, ultimately, learning outcomes [17].

In general, format readability research with children is lacking [5] and it is not fully
understood how typographical format features can enhance digital reading for children.
Research with printed books or materials has demonstrated that reading performance can
be enhanced by increasing the size of the font, word spacing, or alignment [18,19] However,
in this study, we focus on digital text rather than printed text for two reasons: an increase
in the use of digital technology in these grade levels [20-24] and the ease in which we can
more easily manipulate and test the formatting of digital text.

Katzir and colleagues [25] tested the impact of font size, letter spacing, and line length
in second and fifth grade students. They found that second graders had lower reading
comprehension, with decreasing font size and length. For fifth graders, only smaller font
sizes resulted in increased reading comprehension. The results of this 2013 study suggest the
importance of evaluating how format readability impacts comprehension across multiple
grade levels to better understand differences in which typographical features such as font
or spacing have greater effects on reading performance. Wilkins and colleagues [26] also
found that larger font sizes increased reading speed; further, they found that familiarity
with fonts was beneficial, discovering that fonts used in texts students accessed more
regularly also impacted reading speed. While these studies contribute very interesting
findings, it is important to consider other features beyond just font size.

In a recent notable study, Sheppard et al. [7] found that reading with optimal formats
for students in kindergarten up through eighth grade significantly boosted reading per-
formance. Testing of individuated formats based on character width and letter spacing
was performed within both a word-level task and a passage task. They observed gains in
mean accuracy of up to 15% on the word task. For the passage task, gains of up to 29 words
read per minute and 20% greater accuracy were found. Boosts to comprehension were
also observed for older students who read with wider letter spacing. A stability analysis
revealed that, for 58% of the sample, students maintained their personal best font variation
when tested a second time on the same day. The authors concluded that subtle changes
to text formatting can have large impacts for enhancing reading performance in children.
However, students only read two passages in two format variations, thus limiting the
conclusions that can be drawn.

In another recent study, Medved and colleagues [27] found an effect of letter shapes on
children’s reading speed (fluency) and enjoyment. Eight typefaces were tested in a sample
of university students and students in fourth to sixth grade. Typefaces that had rounder
letter shapes resulted in faster reading speed and a more pleasant reading experience, but
no effect was found for comprehension. While these results are indeed promising, the study
only included 15 students, making it difficult to draw conclusions for how these results
may generalize to a larger population.
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Research on typeface design with children has not reached a consensus on which visual
attributes are the most impactful for early readers in regard to font, line and character
spacing, or text size [28]. Some studies support that increased letter spacing improves
word recognition and reading performance, particularly for students with dyslexia [29,30];
however, these studies are extremely limited. Research on legibility, although also very
limited, also points towards the importance of format individuation [9,19]. Legibility
refers to the extent to which text can be properly identified. In one study with young
children, not being able to enlarge text on digital devices made them less motivated to read
certain books out of a digital library, which emphasizes the importance of considering how
customizable readability features can improve digital reading experiences in the design
of educational technology for children [31]. Individualized format readability features
may optimize learning opportunities by reducing information overload and improving
accessibility and legibility, thereby increasing one’s ability to read digital text more fluently
and to successfully comprehend the text.

Previous research supports the connection between reading and visual crowding, with
a more profound link among dyslexic readers [32]. Visual crowding refers to the difficulty
or failure to identify items surrounded by clutter (i.e., many items) [33,34]. These studies [32,
33] found that crowding is correlated with reading skills in non-dyslexic and dyslexic child
and adult readers. Joo et al. [32] concluded that there is a connection between individuals’
crowding severity and the effectiveness of text spacing manipulations, also finding that
some dyslexic readers benefit from increased letter, word, and line spacing. Spacing
is a perceptual parameter that has been found to affect reading performance [33,35,36].
Increased text spacing alleviates crowding and may increase reading speed in child and
adult readers with and without dyslexia. Performance benefits on reading aloud and lexical
decision tasks have been observed with increased text spacing, furthering the efficacy of
spacing manipulations [32]. While crowding is only one factor contributing to reading-
related impairments and difficulties [34], understanding the implications of text spacing
manipulations on factors such as crowding contributes to our ability to design personalized
format readability interventions. Work from Marinus and colleagues [37] examined the
effect on reading with a font developed for dyslexic readers, Dyslexie. It was found
that increases in reading performance were due to letter and word spacing rather than
features of the font itself. However, this study only compared Dyslexie and Arial, thus it
is still unknown how other fonts and spacing may affect reading in children (typical and
non-typical readers) and whether there are differences for children with varying levels of
reading ability.

Taken together, these studies highlight that readability features such as font, font
size, and spacing may significantly boost reading speed and comprehension for children;
however, results are mixed on which features may have the greatest impact. Further, most
of these studies focus on the typographical aspects that had the greatest effect for the
sample as a whole, and we argue that, much like an eyeglass prescription, students may
differ in the formatting in which best supports their reading. Thus, we aim to build upon
this promising, but limited, foundation in this present study.

1.2. Conceptual Framework

We ground our conceptual theory (Figure 1) in the Simple View of Reading (SVR [38]),
which posits that there are two major components to successful reading comprehen-
sion: the product of word recognition—decoding and fluency (reading speed)—and lan-
guage/listening comprehension—comprised of vocabulary, oral language, comprehension
monitoring, and background knowledge. Also included in the word recognition process are
reading accuracy (words read correctly) and prosody (intonation). Although these factors
are not captured in the current experiment (students reading silently rather than aloud),
they might also be positively impacted by improved format readability. We conjecture that
enhanced format readability may increase both the speed and accuracy in which a reader
can identify and decode a word or connected text, thereby also potentially supporting
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stronger reading comprehension. We also acknowledge the potential direct effect of format
on reading comprehension, as found in previous research [7,25]. However, it is impor-
tant to note that increased reading speed (words read per minute) does not necessarily
always equate to higher reading comprehension and that there is a speed—comprehension
trade-off that must be considered [10,39,40], Thus, while improved readability features
may support increased reading speed, it is crucial to examine the threshold in which speed
negatively impacts reading comprehension. Further, given known differences in typical
reading rates [41,42], this threshold likely differs based on age as well as an individual’s
baseline reading skill level.

Content
Readability

Format
Readability

Word X Language — Reading
Recognition Comprehension Comprehension

Figure 1. Theoretical framework model describing how format and content readability influence
reading comprehension.

Content readability is also included in our conceptual theory and is defined as features
such as the difficulty (grade) level or topic of the text, and it has also been found to effect
reading comprehension [43]. Likewise, content readability could impact word recognition
and language comprehension. If the content readability (text difficulty) is at a level above
a child’s language comprehension skills, fluent reading and successfully comprehending
a text may be more challenging [43-45]. Considering factors beyond just one’s baseline
reading skills, such as the difficulty level of a text or other environmental factors, including
format, can influence fluency and reading comprehension [43,46]. Katzir and colleagues [25]
suggest that perceptual features (typography) of text should be considered. Taken together
with a growing body of research [7,9,10,25-27] that has demonstrated that text format
influences reading skills, such as reading speed and comprehension, more research is
needed in order to understand the specific features of format and the effect to which they
effect reading skills.

Children enter the classroom with varying levels of literacy skills, which may influence
their reading comprehension [47]. While students’ baseline literacy skills and features of
content readability, such as the difficulty level and topic of a text, directly impact reading
comprehension, format readability is an additional component that may affect reading
comprehension, likely as a moderator via word recognition. We posit that improved format
readability features, such as font and spacing, may support better reading comprehension
beyond the contribution of baseline literacy skills and content readability features; further,
students may have individual formatting needs, and so understanding both group-level
effects and individual differences is crucial.

1.3. Study Aims

To date, early findings support the potential for significant impact on both reading
speed and some potential to support better reading comprehension. This research moves
away from a one-size-fits-all approach to technology design and points towards the need
for creating a more flexible and customizable digital environment to enhance each person’s
ability to process and comprehend information more efficiently. Improved format readabil-
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ity has the potential to be implemented with a click of a button, instantly enhancing the
readability of the text, thereby increasing reading performance without the need for time
and cost intensive interventions from schools. However, research in this area is limited
and it is not clear which or how specific features of a text format influence the reading
performance of children. In order to assess the impact of font and spacing on reading
performance, we aimed to adapt the design of adult version readability assessment, the
ARF-A, for use with younger populations (ARF-C) to determine whether results seen
in adult populations [8-10] would replicate with elementary-aged students, considering
effects at both the group and individual level.

The following questions guided this novel research to determine whether format
readability gains seen in adult populations generalize to children:

Research Question 1: What is the effect of font and spacing on reading speed
(words per minute)?

Research Question 2: Is there a speed—comprehension tradeoff for students” best
fitting font and spacing variations? In other words, is comprehension perfor-
mance significantly lower for passages in which a student has the highest WPM?

To answer these questions, we examined gains in reading speed (words per minute)
for students in grades 3-5 by adapting the adult format readability assessment, the ARF-
A, for use with children. We also assessed the impact of font and spacing on reading
comprehension and to determine whether there is a speed—comprehension trade-off on
passages in which children had the highest average words per minute to determine whether
higher reading speeds were associated with lower reading comprehension performance.

2. Method
2.1. Participants

Students (N = 51) and teachers were recruited voluntarily from two school districts
in Florida via backpack mail or were emailed study information from their teachers. One
classroom of students was recruited from a private school and the remaining teachers and
students were recruited from a public school district. In both districts, the research team
met with administrative staff, who then recruited teachers to participate. Participating
teachers sent home information about the study for all students in their classrooms. Teacher
and student participation was voluntary. There were 8 teachers in this study. Students
were 71% White, 10% Hispanic, 9% Black, 6% Multiracial, and 4% Asian. The sample was
almost evenly split amongst males (51%) and females (49%). Students ranged in age from
8 years to 11 years old. The average age was 9 years, 2 months old (SD = 0.913). There were
no reported visual impairments. Across both the public school and private school, only
1 student was an English language learner. Students qualifying for a free or reduced-price
lunch comprised 11% of the sample. Finally, none of the students were reported to have a
learning disability or other learning impairment. The study was reviewed and approved
by the Institutional Review Board (IRB) at the University of Central Florida.

2.2. Measures

The Assessment of Readability Format- Children (ARF-C). The design of the ARF-C
was adapted from the adult version of the readability test, the ARF-A. In both versions
of the test, participants read short passages on various topics and answer comprehension
questions. The passages vary in the font and spacing in which they are displayed as
participants navigate through the test. To develop the ARF-C, we replaced the adult-leveled
passages with new passages that were written at the 3rd-5th grade reading level and wrote
new comprehension questions. The ARF-C contained 12 total passages, including one
training passage at the beginning of the test and 11 test passages, 8 for testing font, and 3 for
testing spacing. Each passage was approximately 300 words (£10% to ensure passages had
a logical ending and did not end mid-sentence) split evenly amongst 4 separate screens
(75 words per screen). The difficulty level for each passage was determined using the



Educ. Sci. 2024, 14, 854

7 of 19

Lexile analyzer tool [48]. Given the range of ages in the sample, the passage set ranged in
Lexile from 410 L to 1200 L grade level. Sample passages can be seen in the Supplementary
Materials. The comprehension questions were structured as multiple-choice questions with
four possible answer choices. The questions developed include recall questions (who, what,
when, why, where) and inferencing questions, with the last question asking students to
identify the option that best describes the main idea of the passage. Passages were sourced
from open-source narrative books on Project Gutenberg. A breakdown of each passage, the
Lexile level, and topic are provided in Table 1.

Table 1. Passage Lexile Range and Wordcount on the ARF-C.

Passage ID Lexile Range Word Count Title
0 1010 L-1200 L 297 The Adventures of Kintaro, The Golden Boy
1 1010 L-1200 L 299 White Fang
2 410 L-600 L 294 The Story of Doctor Dolittle
3 610 L-800 L 300 The Secret Garden
4 810 L-1000 L 301 Grimms’ Fairy Tales: 12 Princesses
5 1010 L-1200 L 300 The Farmer and the Badger
6 810 L-1000 L 303 The Tale of Cuffy Bear
7 610 L-800 L 301 Raggedy Ann
8 610 L-800 L 299 Peter Pan
10 810 L-1000 L 299 The Secret Garden
11 810 L-1000 L 301 Peter Pan

In the ARF-C, passages were randomized in two ways: 1. the order in which the
passages are presented and 2. the font/spacing that the passages are presented in. For
example, Child A may see Passage 8 first, presented in Poppins font, while Child B may
see Passage 8 as their fifth passage, presented in Georgia font. This design is intended
to eliminate both order effects and to reduce potential passage effects on reading speed.
The fonts tested were 4 serif fonts (Merriweather, Times, Georgia, and Source Serif Pro)
and 4 sans-serif fonts (Open Sans, Poppins, Arial, and Roboto). Serif fonts are fonts that
have strokes or small lines, sometimes referred to as “little feet”, at the end of the main
strokes of the letter. Sans serif fonts do not include this feature. These fonts were chosen
based on our previous work with adults [9]. Wallace and his colleagues conducted an
extensive analysis to identify the most common fonts used in PDFs, newsprint, and the
web. The selection criterion in this study was based on this analysis, featuring some of
the most used fonts across digital platforms which are available across different types of
devices. Fonts were presented at a size of 16 pixels. This size is above the critical minimum
print size in the normally sighted population required for an individual to read at their
average speed [49]. For spacing, we tested normal (0.0 em), wide (0.05 em), and narrow
(—0.05 em) character spacings. In typography, an em is a unit equal to a specified point size.
These levels were chosen based on the extensive literature in vision sciences, providing a
range of spacing parameters while retaining legibility [50]. The child reads each passage
silently to themselves and then is presented with three comprehension questions following
each passage. Two primary variables are produced from the ARF-C that were utilized in
the analyses: 1. Words Read Per Minute (WPM). WPMs were calculated for each passage
chunk and were then averaged across the 4 screens to create an average WPM per passage.
2. Comprehension Total, which represents the total number of comprehension questions
answered correctly and the total percentage correct out of the items attempted. The ARF-C
takes approximately 35 min to administer. The passage in which the child had the greatest
WPM was determined to be their “best fitting font”. The passage in which the child had the
least WPM was determined to be their “worst fitting font” or rather a font “clash” for their
individual needs. McDonald’s Omega on the comprehension questions was 0.79, indicating
adequate reliability.

In its current form, the ARF-C contains one passage per font and one passage per
spacing manipulations for a total of 11 test items, with one training item at the beginning
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of the tests. The first test is the fastest font test. Once the student completes the fastest font
test, the system chooses the best font, as determined by reading speed (words read per
minute, WPM) and speed rank (described below), then moves to the spacing test. Font
manipulations are randomized within the passages for the fastest font test for each user
to reduce passage effects, and all passages in this test are with normal character spacing.
The spacing test takes the font which won out according to the font portion of the test and
displays all three spacing passages in that font in the spacing test. For child passages, each
passage is approximately 300 words. After each passage was presented, students were
also asked to indicate their level of familiarity with the passage on a 5-point Likert scale,
with 1 representing no familiarity and 5 indicating the highest level of familiarity. From
the data logs produced by the ARF-C, we obtain the words read per minute (WPM) across
each passage screen, as well as the mean WPM per passage, comprehension (total and
percentage correct out of questions attempted), and the font and spacing setting in which
students had the greatest words read per minute.

MAP Growth Reading. The NWEA MAP Growth Reading assessments provide
insight into the growth of literacy skills through assessments of vocabulary and compre-
hension at the 2nd-5th Grade level. The reading test asks students to read literary and
informational texts and answer questions. Skills measured in the test include drawing
conclusions, vocabulary, summarization, and using context clues. NWEA calculates MAP
Growth Reading assessment scores using the Rasch unlT scale (RIT), a scale that measures
in equal intervals, using individual item difficulty scores to measures growth in literacy
skills independently of grade level [51]. A student’s RIT score provides an accurate mea-
surement of their academic growth over time and serves as a benchmark of their academic
skill level. The MAP Growth Reading assessment was administered by the public school
district outside of the current study three times a year, and the district shared the winter test
scores to be used in the analysis. We note that these data were collected only for students
in which their parent provided additional consent for us to obtain from the district; thus,
these scores were included in analyses for 34 of the 51 students.

2.3. Procedure

Students completed the ARF-C on Chromebooks in their classrooms in the spring of
the school year. Each child completed the test independently in approximately 30 min,
with their teacher overseeing that participating students remained on task to complete the
assessment. Teachers arranged to have all participating students complete the testing at
the same time. The teachers were also asked to go through the assessment and to provide
feedback on the ARF-C via an online exit survey at the end of the study. Students” MAP
Growth Reading RIT scores were obtained from the winter testing timepoint in the school
year from the school district.

2.4. Data Analysis

We employed a mixed methods approach in our analyses to determine the impact
of font and spacing on students’ reading speed (words read per minute, WPM) on the
ARF-C and to assess whether there was a speed-accuracy tradeoff for comprehension. It
was of interest to look at how format impacted speed at the group level to assess whether
certain fonts or spacing were better for the overall group. We also aimed to test how
format influenced reading speed at the individual level and determine whether students
made significant gains in speed. At the group level, we employed linear mixed models to
test the effect of font and spacing on reading speed. Passages were also entered into the
models to control for potential passage effects, also controlling for average reading speed
across the ARF-C. To examine individual differences, we ran paired sample t-tests to assess
whether students made significant gains in reading speed for font and spacing. Chi-square
goodness of fit tests were run to determine whether specific fonts and spacings were more
likely to be a student’s font or spacing fit or clash. Multivariable regression models were
also run to examine whether specific factors (grade level, baseline reading scores from
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the RIT MAP Growth test) predicted larger or smaller reading speed gains (difference)
between students’ font and spacing fit and clash, as well as to test the relation between
comprehension performance on the ARF-C and the RIT MAP Growth test (baseline reading
level). A linear regression model was also run to test for the effect of familiarity with
the passages on reading speed and comprehension. Finally, for the passage which had
the highest WPM, a multivariable regression model was run to test for a speed—accuracy
trade-off for comprehension.

3. Results

Descriptive data on students” ARF-C performance can be found in Table 2. All data
analyses were conducted in SPSS version 28 [52]. Overall, the mean words read per minute
(WPM) on the passage in which students had the highest WPM was 243 words per minute.
The average WPM on the passage with the lowest WPM was 142 words per minute. Average
WPM across the entire ARF-C assessment was 170 words per minute, which is aligned with
average silent reading rates in this age range [41,42]. Mean WPMs across the font items of
the ARF-C was 181 words per minute and 202 words per minute on the spacing items. The
average score on the comprehension questions across the entire test was 65%.

Table 2. Descriptive Data.

Min. Max. M SD
Fastest Font Words Per Minute 81.75 497.75 243.19 102.76
Font Clash Words Per Minute 51.50 268.25 142.18 51.60
Comprehension % Font Fit 0.00 1.00 0.61 0.32
Comprehension % Font Clash 0.00 1.00 0.65 0.28
ARF-C Comprehension Total % 0.27 0.93 0.65 0.14
WPM Difference between Fastest and Slowest Font 23.75 345.00 101.00 75.82
Fastest Spacing WPM 106.75 490.25 243.79 99.50
Slowest Spacing WPM 56.00 352.50 161.63 66.22
Full ARF-C WPM 18.50 311.80 170.12 78.81
Font Passages Only WPM 68.16 340.64 181.16 63.16
Spacing Passages Only WPM 89.08 401.58 201.86 77.36

3.1. Research Question 1: What Is the Influence of Font and Spacing on Reading Speed (WPM)?

We first wanted to examine the influence of the fonts tested on the ARF-C on overall
reading speed on the group level. A linear mixed effect model was run with a random
intercept for students to account for repeated measures. Reading speed (WPM) was entered
as the dependent variable, with font variation entered as an independent variable. We also
controlled for average reading WPMs across the ARF-C test. Passages were also added as
an independent factor to assess possible passage effects on speed. Mean WPMs for each
font tested and each passage are presented in Table 3.

Table 3. Mean Words Per Minute (WPM) for Font, Spacing, and Passage.

Font/Spacing Mean WPM SD Passage Mean WPM SD

Georgia 176.171 66.472 0 178.293 78.018
Poppins 178.735 78.771 1 185.538 88.887
Times 182.485 80.286 2 155.765 58.569
Arial 185.127 67.004 3 184.141 76.322
Merriweather 173.196 68.282 4 170.681 66.433
Roboto 194.650 86.204 5 198.824 73.662
Open Sans 182.299 84.651 6 174.485 61.096
Source Serif Pro 172.259 63.249 7 207.361 84.957
Narrow Spacing 204.229 88.186 8 180.931 67.681
Normal Spacing 197.903 95.084 10 181.631 76.932

Wide Spacing 203.465 82.924 11 169.583 78.737
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There was a significant effect of both Arial and Roboto on the reading speed for stu-
dents in which both fonts had higher mean WPMs across the sample (Table 4). Additionally,
while we also observed an effect for two passages in which two passages were read signifi-
cantly faster compared to the other passages presented, the effect of these fonts on reading
speed held.

Table 4. Linear Mixed Effects Model for the Effect of Font on Reading Speed (WPM).

Parameter Estimate Std. Error df t p-Value
Intercept 99.530 15.411 184.202 6.458 <0.001
Georgia 2.489 6.048 329.824 0.412 0.682
Poppins 7.054 7.545 329.902 0.935 0.353
Times New Roman 12.108 8.067 331.926 1.501 0.137
Arial 16.792 7.445 329.752 2.255 0.027
Merriweather 1.350 7.478 329.621 0.180 0.857
Roboto 23.281 10.486 329.630 2.220 0.030
Open Sans 7.626 8.337 329.656 0.915 0.363
Source Serif Pro —2.363 8.623 329.818 —0.274 0.784
Passage 0 5.002 9.204 332.119 0.544 0.587
Passage 1 1.062 8.864 332.950 0.120 0.905
Passage 2 1.045 9.258 332.230 0.113 0.910
Passage 3 16.010 8.614 331.607 1.859 0.064
Passage 4 10.145 8.921 333.928 1.137 0.256
Passage 5 29.258 9.214 332.618 3.175 0.002
Passage 6 —0.086 9.159 332.368 —0.009 0.993
Passage 7 41.395 8.718 332.490 4.748 <0.001
Passage 8 12.320 8.783 332.479 1.403 0.162
Passage 10 13.843 8.416 331.656 1.645 0.101
Passage 11 —7.414 9.043 332.221 —0.738 0.461
Average WPM Across ARF-C 0.320 0.059 124.915 5.438 <0.001

To determine whether individual students experienced a significant boost in speed
between their fastest passage and their slowest passage, we ran a paired samples t-test,
which was significant (t(50) = 9.513, p < 0.001). Significant gains in WPM were observed
between the fastest and slowest WPMs. The average WPM difference between students’
best fitting font and their font clash was 101 words per minute. We then wanted to assess
whether students’ fastest WPM was influenced by other ARF-C factors.

While passages were randomized in the order in which they appeared in the ARF-C,
we examined whether students’ fastest and slowest passage fell more frequently in the
first half of the font test (first four passages) or the second half of the font test (last four
passages) to see if there were any patterns in students’ reading speed across all eight of
the font items. The sample was split, with 48% of students’ fastest passage occurring in
the first half of the test and 52% in the second half of the test. To determine if there was
an effect of order as it related to the passages with the greatest WPMs (first half or second
half), a dummy variable was created (one if the fastest passage fell within the first half of
the test). The dummy coded variable for the order of the fastest WPM was added as an
independent factor in a linear regression model, with the students’” fastest WPM entered as
the dependent variable. We observed a significant effect of the order for students whose
fastest passage occurred in the second half of the ARF-C test (R? = 0.134, F(1,49) = 7.44,
p = 0.009). For students with the highest WPMs, their fastest passage fell within the second
half of the test, indicating that students with the highest WPMs in the sample may have
sped up their reading as they proceeded through the test.

Chi-square goodness of fit tests were run to evaluate whether a specific font was more
likely to be the students’ font fits and clash. Although Roboto was the fastest font on the
group level and was the fastest font at the individual child level (Figure 2), there was no
one font that was associated with being students’ best fitting font (p = 0.226) or students’
font clash (p = 0.809) (Figure 3).
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Poppins
7.8%

Roboto
Open Sans 25.6%
13.7%

Merriweather
9.8% Source Serif Pro

Georgia

9.8% .
Arial

11.8%

Figure 2. Font fit (highest WPM) at the individual child level. No one font was found to be the best

fitting font for individual students.

Open Sans
7.8%

Merriweather
11.8%

Georgia
9.8%

Arial
9.8%

Figure 3. Font clash (lowest WPM) at the individual child level. No one font was found to be a font

clash for individual students.

Finally, a multivariable regression model was run to examine whether specific fac-
tors predicted larger or smaller gains (difference) between students’ best fitting font and
their font clash. The WPM difference between students’ fastest and slowest WPMs was
entered as the dependent variable. Grade level, RIT Scores on the MAP Growth Reading
assessment, average WPM across the entire ARF-C, and overall comprehension were added
as independent variables. Only students” average WPM predicted WPM gains between
students” highest and lowest WPMs on the font test, such that students with higher average
WPMs had a greater difference between their fastest and slowest WPMs (Table 5).

Table 5. Multivariable Regression Model of Predictors on Students” WPM Gains on the ARF-C Font Test.

Estimate Std. Error t p-Value
(Constant) 98.492 11.605 8.487 <0.001
Grade Level —13.804 15.675 —0.881 0.386
MAP Growth RIT Score —0.279 1.201 —0.232 0.818
Average WPM ARF-C 0.523 0.119 4.408 <0.001
AREF-C Total Comprehension % —59.435 97.372 —0.61 0.546

Note. R? = 0.468.
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Spacing

As described in the Method section, the first eight passages of the ARF-C were de-
signed to determine students’ best fitting font. The last three passages of the test were
displayed in students’ best fitting font, with each of the three passages being displayed
with the three different spacing variations (narrow, normal, wide). The sample was reduced
to 36 participants for all spacing analyses due to some errors within our logs with spacing
WPMs for some kids, as well as five children who did not complete all of the spacing pas-
sages. To determine how spacing variations influenced reading speed on a group-level, we
ran a linear mixed model with reading speed (WPM) as the dependent variable. Students
were entered as a random intercept to account for repeated measures. Spacing variation
(narrow, normal, and wide), font, and passage were entered as independent factors. Results
indicated there was no universally optimal spacing setting that the was most beneficial
for students’ reading speed at the group-level, nor were there significant effects of font or
passage on students” mean WPM on the spacing passages.

While there was not an optimal spacing variation at the group-level, we then looked
at whether students benefitted from different spacing variations on the individual level.
Reading speed WPM between students’ spacing fit and clash variation was significantly
different, as revealed by a paired samples t-test (t(38) = 7.017, p < 0.001). The mean WPM
difference between students’ highest and lowest spacing variations was 82 words per
minute. Chi-square goodness of fit tests were run for students’ spacing fits and clashes. No
spacing variation was found to be more likely to be associated with being students’ spacing
fit (p = 0.472) or spacing clash (p = 0.338) variation for reading speed. Variations in spacing
fits and clashes can be seen in Figures 4 and 5.

Normal (0.0)
33.3% Wide (0.05)

41.7%

Narrow (—0.05)
25.0%

Figure 4. Spacing fit (fastest WPM) at the individual child level. No one spacing variation was most
likely to be the best fit for students.

A multivariable regression model was run to evaluate predictors of reading speed
(WPM) differences between students’ spacing fits and clashes. A WPM spacing difference
variable was created to capture the difference between students’ best spacing WPM and
worst spacing WPM. This variable was entered as the dependent variable with the following
independent predictors: RIT Score from the MAP Growth Reading assessment, mean WPM
across the entire ARF-C test, grade level, and overall comprehension percentage scores.
None of these factors were found to predict greater gains in WPM between students’
spacing fits and clashes.

The mean WPMs across the font items of the ARF-C was 181 words per minute and
202 words per minute on the spacing items. A paired samples t-test was performed to
compare mean WPMs between the font and spacing passages. There was a significant
difference in mean WPMs between the font passages (M = 172.523, SD = 62.562) and
the spacing passages (M = 201.867, SD = 77.366), such that mean WPMs for the spacing
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passages were greater for the last three passages on the VRL (#(35) = 3.187, p = 0.003). This
finding aligns with the effect that was found for students’ fastest passages falling in the
second half of the assessment.

Wide (0.05)
22.2%
Normal (0.0)

41.7%

Narrow (—0.05)
36.1%

Figure 5. Spacing clash (slowest WPM) at the individual child level. No one spacing variation was
more likely to be a worst fit (clash) for students.

Finally, we also tested whether higher levels of familiarity with the topic of each
passage were associated with higher reading speeds and reading comprehension. A total
score was calculated for familiarity and was entered into two linear regression models.
The first model predicted whether higher levels of familiarity were associated with a
higher average reading speed. A second model was run to test whether more familiar-
ity was associated with higher comprehension performance. Neither model was signif-
icant, thus higher levels of familiarity with the passages did not predict faster reading
speeds (R? = 0.003, F(1,49) = 0.107, p =0.745) or comprehension performance on the ARF-C
(R? = 0.009, F(1,49) = 0.358, p = 0.553).

3.2. Research Question 2: Is There a Speed—Comprehension Tradeoff for Students’ Best Fitting Font
and Spacing Variations? In Other Words, Is Comprehension Performance Significantly Lower for
Passages in Which a Student Has the Highest WPM?

While best fitting font (font fit) is determined by speed (WPM) in the current version
of the ARF-C, we also wanted to consider the role of comprehension. First, we wanted to
assess predictors of overall reading comprehension on the ARF-C test as a whole (both font
and spacing items). The students’ overall comprehension percentage score was added as a
dependent variable in a multivariable regression model. Grade level, MAP Growth Reading
RIT scores of students’ baseline reading skills, and average reading speed were entered
as independent factors. While grade and average WPM were not significant, students’
RIT reading scores significantly predicted overall comprehension. Higher RIT scores
on the MAP Growth Reading assessment were associated with higher comprehension
performance on the ARF-C (Table 6).

Table 6. Multivariable Regression Model of Predictors on Total Comprehension % on the ARF-C.

Estimate SE t p-Value
(Constant) 0.648 0.022 29.79 <0.001
MAP Growth RIT Score 0.007 0.002 3.98 <0.001
Mean ARF-C WPM 0 0 1.321 0.196
Grade —0.043 0.028 —1.501 0.144

Since speed (WPM) was a determining factor of a students’ “best-fitting” font, it was
of interest to look for evidence of a speed—comprehension trade-off on the passage in
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which students had the greatest WPMs. A linear regression model was run with students’
comprehension scores on the fastest passage (percentages of performance across three
multiple-choice questions for the passage in which they had the highest WPM) and WPM on
the fastest WPM passage. Comprehension scores did not influence fastest WPMs, indicating
that there was no speed-comprehension trade-off on students’ fastest passage (R? = —0.019,
F(1,49) = 0.063, p = 0.803). For spacing passages, on the individual-level, a paired samples
t-test demonstrated no significant difference between students’ comprehension on their
spacing fits and clashes (p > 0.359).

4. Discussion

In the present study, we examined how eight commonly used fonts and three spacing
formats influenced reading speed and comprehension both at the group level and the
individual level for students in 3rd-5th grade. On the group level, the mean reading
speed (WPM) was significantly higher for students when passages were presented in
Roboto and Arial fonts. While we did also observe a passage effect, the effect of these
fonts predicted faster reading speed above the effect of the passages. While one of the
passages was at a higher Lexile level (Passage 5), the other passage (Passage 7) was in
the middle of the 3rd-5th grade range. For individual students, no one font (serif or sans
serif) was significantly more likely to be a student’s font fit. These findings indicate that,
although some fonts (or features of these fonts such as the weight or width of the font)
may be more beneficial for supporting reading speed on a group level, these fonts will not
necessarily be best for every student on an individual level and point towards a need for the
individuation of formatting. The effect of font on reading speed found in the current study
replicates results observed in format readability studies that utilized the adult version of
the readability assessment, the ARF-A, with adult populations [8,10].

Although we did not observe an effect of spacing on reading speed at the group level,
when looking at individual differences, we found students had significant gains in reading
speed for spacing. Further, there was not one spacing format that was more likely to be
individual students’ spacing fit. Presently spacing is provided at the same value to all
students in a classroom, but these data suggests that the majority of students might benefit
from more, or less, spacing. Similar to findings from the Sheppard et al. [7] study, on the
individual level, students had significant gains in reading speed when reading a passage
displayed in their best fitting spacing setting. However, we interpret the spacing results
in the current study with caution. In relation to speed, we observed a significant pattern
for students who had the highest WPMs as they moved into the second half of the test.
We note that this effect was observed just considering the font items of the test (the first
eight passages) and it was not until the end of the test (the last three passages) when
students completed the spacing portion of the test. Overall, students” mean WPMs were
significantly higher on the last three passages (spacing passages) of the VRL compared to
the first eight passages (font passages), which indicates that students read more quickly
as they approached the end of the assessment. Some averages were also above silent
reading fluency norms [42]. Taken together, this pattern of reading speed across the current
version of the ARF-C reflects the need for future research to consider testing spacing either
earlier in the test or to run a study solely focused on spacing only to obtain more accurate
data on how spacing influences reading speed and comprehension. Speed may have been
impacted by multiple factors, including waning attention, engagement, interest in the topics
of the passages, etc. Future work might aim to find better ways to measure engagement
and attention within the test. These findings may suggest an important consideration for
measuring reading speed in tasks where reading speed particularly matters. For example,
performance on computerized standardized and formative assessments of oral and silent
reading fluency may be impacted simply by changing the font and/or spacing of the text.

Considering other factors of performance, such as reading comprehension, in determin-
ing students’ font and spacing fits and clashes may also be useful, as comprehension is piv-
otal for learning. For comprehension, we did not find evidence of a speed—comprehension
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tradeoff in the present study. In a large sample of adults, some evidence may suggest that
font can moderate the relation between speed and comprehension, thereby reducing the
speed—accuracy tradeoff [10]. However, both the direct and indirect effect format may
have on reading comprehension is critical. Comprehension was also not considered in
determining individual students” format fits and clashes. Sheppard et al. [7], for example,
determined students’ best fitting formats by first ranking reading comprehension perfor-
mance and then speed, and they found a significant impact of wider spacing on students’
reading comprehension. However, other studies have found that the effect of format only
impacted reading speed and had no effect on comprehension [27]. These mixed results
indicate that specific format settings, such as font, font size [25,26], or spacing, may have
differential effects on reading skills. It is also possible that it is not just one feature alone
that is most optimal for a student, but rather that it is a particular combination of format
adjustments that are more beneficial. Understanding how format influences reading at the
group level is useful for making decisions like how to best format a test or webpage for
students, However, these results also demonstrate the need to consider moving away from
a one-size-fits all approach to provide students with the ability to reformat text on a page
to personalize their digital learning environment.

Importantly, considerations for the potential effect of content readability in addition
to format readability cannot be underscored. As described in our Format Readability
Conceptual Framework Model, text-level features, such as the grade level or topic of a text,
can impact both reading speed and comprehension [43—45]. In order to most accurately
determine the influence of format readability, controlling for potential passage effects is
important. In the current study, we did find an effect on speed with two passages, but we
also found that the font effect persisted; however, this may not always be the case. When
possible, using content and questions sourced from validated tests or passage sets may help
reduce these effects. As our framework model also considers language comprehension,
background knowledge can also affect reading comprehension [53]. Since we used narrative
passages in this study, familiarity was used as an indicator of background knowledge.
Higher levels of familiarity did not predict faster reading speed or comprehension in
the ARF-C.

Finally, teachers were asked to provide feedback on the ARF-C. Only three teachers
returned the survey; however, all reported that they felt the passages were appropriately
leveled for their students, but also commented that they felt more interesting topics could
have been chosen. One teacher suggested that shorter and/or fewer passages be used
for elementary grade levels. This feedback is well aligned with the results of the study,
particularly in the pattern that students sped up their reading at the end of the test as
perhaps they began to lose interest or attention.

4.1. Limitations

Designing a reliable and valid diagnostic assessment to match students to their best
format is a long-term goal of this work. Much more research will be needed to test the best
methods for the design of such a task, especially one that can be taken in a timely manner
in the classroom. We were constrained in this way in terms of the number of passages
we could ask students to realistically read and to answer comprehension questions. With
only one passage per format manipulation, and given that passage effects were observed,
testing each format multiple times per test may be useful as it can allow for one to rule out
the effects of passage, such as the Lexile level or topic, more reliably.

One other limitation of this study was the smaller sample size and the lack of diversity
in the schools that agreed to participate. Larger and more diverse sample sizes are needed to
understand how format readability can optimize reading performance for students. Further,
it may be of interest to examine how format readability influences reading performance
across different age ranges. In a study with students in kindergarten up to eighth grade,
Sheppard et al. [7] found that younger children benefited more from increased letter-spacing
compared to older students.
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4.2. Implications for Future Research

As the goal of this study was to replicate format readability work conducted with
adult readers [8,9], we tested eight common fonts. However, each font has inherent features,
such as the weight or width of the lettering. It was not possible to disentangle such features
in this initial study. Future work might consider the use of variable typography. Variable
fonts, such as the freely available Roboto Flex, allow the form of letters to be mathematically
parameterized along different axes, allowing for a wide range of appearances from a single
font file.

Results in the current study indicated that the testing methods previously used in
results could potentially work for younger populations; however, future readability re-
search, particularly with younger students, should consider having students read aloud
as opposed to silent reading, as we did observe some students with higher than average
reading speeds. Oral reading would provide more accurate data on reading speed (words
read per minute) and, importantly, the accuracy of words read and prosody. Although the
correlation between silent and oral reading is more studied in adults compared to children,
there is evidence that silent and oral reading in children is also highly correlated [54]. Van
den Boer and colleagues showed that the underlying mechanism of silent reading is largely
similar to oral reading, though silent reading rates may be faster compared to oral reading.

Importantly, more longitudinal work is needed to understand the stability of format
recommendations over time. Further, given the limited sample and initial study design,
we were not able to test our theoretical framework model. Future work should aim to
examine whether format readability moderates the relation between word recognition
(decoding, fluency, accuracy, and prosody) and reading comprehension. Eye-tracking may
also provide useful insights into how format influences reading behaviors.

Passages utilized in this study were sourced from open-source narrative texts. Al-
though there was no grade or age effect, and the passages fell within the third—fifth grade
Lexile range, overall comprehension was 65%, which indicated that, overall, passages and
comprehension questions may have been particularly challenging for some students in the
sample. We aimed to use narrative passages over informational texts in this experiment
to reduce the complexity of information students needed to retain (such as dates) since,
unlike many standardized assessments of reading comprehension skills, in the current
version of the ARF-C, the questions did not appear on the same page as the text, nor were
students able to navigate back and forth between the questions and the passage. Like with
the development of a new measure, future work should also include full item analysis to
ensure the passages and comprehension questions are at an appropriate difficulty level to
reduce potential passage effects.

It will also be useful to consider the contribution of other factors aside from reading
speed and comprehension alone. Factors such as engagement, motivation, and comfort
may also be impacted by personalized format readability. While familiarity did not predict
higher reading speed and comprehension in this study, it would be important to control for
if students are reading potentially familiar narrative texts or expository texts on various
topics, such as science or social studies, in which background knowledge might impact
performance. Although format readability research with adults found that font preference
was not associated with higher reading speed [8], different findings may exist for children,
and these factors may be more likely to influence reading comprehension, which was
not used to identify best “fit” in the current study. Collecting additional data on use of
computers or other electronic devices may also be useful, as results could vary for students
with varying levels of digital literacy and computer-use. Finally, it may also be of interest
to examine the impact of format readability on math performance considering performance
on word problems, readability of data presented in charts and graphs, etc. [55].

5. Conclusions

This study provides a new and important foundation of understanding as to how
format readability impacts reading performance in young readers in grades 3-5. Findings
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suggested that reading speed was significantly impacted both at the group level and at the
level of the individual child while maintaining reading comprehension. Importantly, no
one format was more likely to be the best or worst fit for an individual child for both font
and spacing, pointing toward a potential need for format individuation and moving away
from a one-size-fits all approach. These findings in children replicated findings previously
seen in adults, in that changes in font significantly impacted reading speed with no loss to
comprehension. However, much more research will be needed to better understand the
underpinnings of the specific aspects of font, spacing, and other typographical features that
may have the greatest impact. In sum, this work suggests that simple changes to the format
of digital text, such as the font and spacing, may enhance reading speed. Individuation of
format readability is simple to implement in the digital medium, making it an inexpensive
intervention as compared to individuation of content readability. This research presents
important implications for building more supportive educational technology platforms for
students to improve reading outcomes.
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