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Abstract

Research on reading development has focused on the linguistic, cognitive, and recently, metacognitive skills children
must master in order to learn to read. Less focus has been devoted to how the text itself, namely the
perceptual features of the words, affects children’s learning and comprehension. In this study, we manipulated
perceptual properties of text by presenting reading passages in different font sizes, line lengths, and line spacing to
100 children in the second and fifth grades. For second graders (Experiment 1), decreasing font size, as well as
increasing line length, yielded significantly lower comprehension scores. Line spacing had no effect on performance.
For fifth graders (Experiment 2), decreasing font size yielded higher comprehension scores, yet there were no effects
for line length and line spacing. Results are discussed within a "desirable difficulty" approach to reading
development.
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Introduction

Consider the subjective experience of a second grader
reading a text, poorly photocopied and written in a small font. In
contrast, imagine her reading large print, centered on the page,
and subjectively easy to read. Intuitively, one may think that
these perceptual and typographical factors are only related to
the child’s motivation to read and will not affect her
comprehension. Very little research has focused on potential
developmental effects of manipulating physical properties of
print (e.g., print size, font type, etc.) [1-3]. In adults, for
example, it has been found that altering text presentation to a
less familiar format, hence making it less perceptually fluent
(words in italics) led to better memory of studied material in
adults and high school students [1]. Using a different
manipulation of text, another study found that extra large letter
spacing enhanced the performance of word reading in children
with dyslexia [3]. Currently, due to scarce research, all that can
be concluded is that the effects of altering text presentation
may differ by the specific manipulation and by population. It
may also affect different aspects of reading: rate, accuracy and
comprehension. In this study, we focus on an understudied
question which is, can a mere manipulation of perceptual

features of text enhance reading comprehension among
second and fifth grade children.

Reading Development and Reading Comprehension
Developmental models of reading assume that reading is

made up of component skills [4-6]. These components begin
with letter-sound recognition and then proceed to decoding
skills. While each component is sufficient for a time, new skills
must be achieved if reading proficiency is to increase. Later
components include the development of efficiency,
comprehension, and the ability to integrate and synthesize
materials.

Children are assumed to progress from learning about print
itself to learning about the alphabet, sounds of the letters, and
letter groups [4]. During the initial period of learning to decode,
in the first and second grades, the reader is "glued to the print."
Reading is slow and laborious, as new readers still receive
many cues about how to decode words from the letters
themselves. By reading material that has familiar content and
language style, children develop the ability to use context to
decipher words, as well as fluent and effortless reading. By
fourth grade, children are expected to be efficient readers,
reading rapidly, comprehending complex materials, and making
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inferences about the text [4,7,8]. A greater reliance on meaning
is also evident. Characteristics of children in fourth grade and
above include the ability to concentrate less on the print and
more on details and ideas. This developmental shift has been
referred to as a shift from learning to read to reading in order to
learn [4].

The ultimate goal of reading development is efficient reading
comprehension, defined as a process of extracting and
constructing meaning through interaction and involvement with
written language [9]. What factors determine reading
comprehension? Empirical evidence demonstrates that
phonological processing, rapid automatized naming,
orthographic processing, and word identification [7], as well as
IQ [10], memory and attention [11], and higher order processes
[12], all predict a significant portion of the variance in reading
comprehension. However, even when these measures are
entered into regression models, much of the variance in
reading comprehension remains unexplained [13].

These findings have resulted in a shift towards a multi-
dimensional view of reading comprehension that goes beyond
cognitive and linguistic processes. The RAND model of reading
comprehension [14] suggests that in order to understand the
complex process of comprehension there is a need to
concurrently examine a triangulation of the contribution of
reader characteristics, text type, and environmental factors
[13,15,8,9]. Interestingly, while much work has focused on the
influence of the nature of the text type on reading (e.g.,
narrative vs. expository text) [14], very little work has focused
on the typographical properties of text presentation. Could
altering the perceptual features of the words, such as font size,
line spacing, etc.’, actually lead to performance differences in
reading comprehension? A central assumption in the reading
comprehension literature is that in order to improve
comprehension, the reader must improve his skills (e.g.,
phonological skill, vocabulary, decoding abilities, reading rate).
However, what if comprehension can be improved by simply
changing factors that are external to the reader, such as the
typographical properties of the text, without changing its
content? The current study was designed to address these
questions.

The Effects of Manipulating Perceptual Presentation on
Cognitive Performance

Many education researchers believe that reducing
extraneous cognitive load is always beneficial for the learning
situation. If a student was able to learn new information easily,
both the student and the teacher are likely to label the session
as successful regardless of whether the student is able to
retrieve the information later [16]. However, research in
cognitive psychology suggests just the opposite. In many
cases, the more challenging a learning session is, the better
subsequent long term memory for the material studied in that
session will be [17]. It may be that greater cognitive
engagement leads to deeper processing, which then facilitates
encoding and subsequent retrieval [18]. Thus, it has been
found that the most effective learning strategies involve
introducing difficulties for the learner. One clear example of a
"desirable difficulty" [17,19] is the interleaving of to-be-learned

materials, rather than blocking them, in a way that creates, at
least temporarily, contextual interference for the learner [20].
Interleaving has been found to produce stronger learning than
blocking, at least in the long run.

Yet another way to make learning more challenging is to
manipulate disfluency, the subjective metacognitive experience
of difficulty associated with cognitive tasks. Disfluency has
been found to be strongly related to confidence in the ability to
remember new information [21], with greater disfluency yielding
lower confidence. In turn, when learners are less confident in
how well they have learned the material, they are more likely to
engage in more effortful and elaborative processing [22].
Indeed, disfluency has been shown to impact cognitive
processing independently of actual cognitive difficulty (for
example, the amount of material to be studied) [23]. For
example, a recent study has demonstrated that creating
disfluency by presenting words upside-down for study
enhanced later recall for these words, compared to words that
were presented right-side up [24]. It has also been shown that
disfluency leads people to process information more carefully
[25] and yields better oral comprehension [26]. Based on the
above findings, we raise the following questions: Can
manipulating perceptual features of text, which have been
shown to create disfluency effects in adults, also lead to better
reading comprehension in children? Will the effects of the
manipulation depend on stages of reading development?

The Developmental Effects of Manipulating Perceptual
Presentation of Text

Manipulations of perceptual features of text build upon the
assumption that the visual system makes use of relative size
as a perceptual cue that conveys important information
regarding the proximity of a stimulus [27]. Oppenhiemer and
his colleagues manipulated perceptual presentation of text
simply by adopting fonts that were more difficult to read [1,28]
by choosing faded shades, small fonts, and unclear
photocopying of text. A different way to manipulate text
presentation and create text disfluency may be to manipulate
the spacing between lines and line lengths, under the
assumption that these changes pose greater challenge for
readers [29].

Manipulating text presentation may affect reading rate and
accuracy [29] as well as feeling of proficiency. Indeed, studies
focusing on feelings of proficiency, mainly in adults, report that
processing words presented in larger fonts was subjectively
more fluent than processing words presented in smaller fonts
[30,31]. Importantly, it has been found that simple
interventions, such as presenting educational materials on
PowerPoint slides and handouts in italics (which children are
less accustomed to) as opposed to presenting the same text in
a standard, non-italesized format, engaged both university and
high school students in more elaborative processing and even
subsequently resulted in improved educational outcomes,
including higher grades [1]. In contrast, a study of word lists
showed that font size did not affect recall [performance] among
university students, though it did affect their judgment of
learning, with larger fonts associated with greater estimations
of remembrance [32]. In these studies the participants were all
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skilled readers that were passed the initial phases of reading
development. However, the effect of such manipulations may
be different for poor readers as well as for younger children.

Studies of adults that have taken into account variability in
reading skills have found that manipulating text presentation
has opposite effects on good and poor readers. Thus,
increasing text difficulty by deleting letters led poor readers to
show decreased recall, whereas good readers showed
improved recall with letter deletion [33]. Based on these
findings, we suggest that manipulating perceptual presentation
of text might have differential effects on reading
comprehension for skilled versus novice readers.

The majority of studies manipulating perceptual presentation
of text in children have manipulated font size and line length
and examined the effects on reading rate and accuracy and
have not looked at its effect on reading comprehension.
Interestingly, studies that examined font size found different
effects for children at different stages of reading development:
A relatively small font size was found to decrease the reading
rates of five- to seven-year-olds, but had no effect on children
in third to fifth grade [34]. Similarly, another study compared
the reading rates of children with dyslexia in second through
fourth grade and reading-level matched controls [35]. Dyslexic
children benefited from larger fonts while their reading-level
matched peers, similar to the results of college students
previously described [32], showed no font size effects on
reading rate and accuracy.

Regarding line length, in a study on six-year-olds, no
differences were found in reading rate and accuracy between
short and long lines, controlling for the number of words in a
line [36]. However, another study found that large fonts were
read as well as smaller fonts with large spacing between the
words (which results in longer lines) [37]. Since there were no
conclusive results across the two studies, and as line length
and font size were concurrently manipulated in this study,
conclusions cannot be drawn regarding each factor in relation
to reading rate and accuracy.

Furthermore, the only study that looked at the effects of
manipulating text presentation on reading comprehension, in
children found that fonts with decorations (i.e., disfluent fonts)
were comprehended as well as fonts without them [29].
However, based on the findings of the effects of font size and
line length on rate and accuracy of sentence reading, we would
except they may also influence reading comprehension. Such
information may have far reaching applied implications. As
reading comprehension required the orchestration of many
subskills [38], and an interaction between reader and text, it is
important to study the effects of text presentation beyond the
reading speed and accuracy level. Thus while rate and
accuracy are necessary for comprehension, they are not
sufficient. Factors that influence them may influence
comprehension in a different manner.

To summarize, creating less accessible perceptual
presentation of text, or disfluent text (smaller fonts, less
spacing) was found to have different effects on the reading
speed and accuracy of skilled versus unskilled readers. In
terms of size, larger font size enhanced reading speed and
accuracy of younger and dyslexic readers and showed no

effect on older children. In addition, it did not affect recall in
older university students. However, bolding or italicizing text did
improve long-term memory in older high school and university
students. To the extent that text presentation affects reading
rate and accuracy, we would expect it to influence reading
comprehension as well. Thus, we hypothesized that for
younger readers, manipulating text presentation by increasing
disfluency compared to the standard text they are used to
would impede comprehension, as they still receive important
contextual cues from the print. For older children, who have
already mastered the decoding and efficiency stages and thus
rely less on actual visual cues, we hypothesized that increased
disfluency (less familiar and accessibly text presentation) would
function as a desirable difficulty, resulting in deeper processing
and thereby increasing comprehension.

The Current Experiments
In the current experiments, we examined the effect of

perceptual fluency on reading comprehension in second and
fifth grade children (Experiments 1 and 2, respectively).
Specifically, we asked whether font size, line length, and line
spacing would affect performance on a reading comprehension
task. In addition, we asked whether these factors would
differentially affect children in earlier versus later stages of
reading development.

Experiment 1: Second Grade

Experiment 1 was designed to examine how the perceptual
disfluency of text, created by decreasing font size, increasing
line length, and decreasing line spacing, affects reading
comprehension among second graders.

Method
Participants.  Participants were 45 second graders (20 girls,

mean age 7.5 years) from elementary schools in Israel, mostly
of middle- and upper-middle-class socioeconomic background.
All children had rapid naming, reading and verbal abilities in the
average range, based on standardized measures [39,40].

The research conducted in this paper was approved by the
university review board - The Ethics Committee Review Board-
IRB. The members of the Helsinki committee in our university
are Shoshi Zalka and Avi Karni. Informed written consent was
obtained from the parents and children, also, the data were
analyzed anonymously). Finally, the investigation was
conducted according to the principles expressed in the
Declaration of Helsinki.

Materials.  To examine reading comprehension, we
developed a tool that included four age-appropriate texts,
matched for level of difficulty and length. The texts were
adapted from previous national reading assessment materials
and were 44-47 words long. We manipulated three dimensions
between the texts: font size, line length, and spacing between
lines. The dimensions of the baseline text—20 pt font size, 4.2
inch line length, double line spacing—represented the text
dimensions that are used for national reading assessment for
the second grade, and reflected the typical font size, line
length, and line spacing used in textbooks for this grade. For
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the other three texts, we manipulated presentation by
decreasing font size in one text by 20%; increasing line length
in another text by 20%; and decreasing line spacing by 20% in
the final text. The assignment of each specific text to one of the
four dimensions, as well as the order of text presentation, was
counterbalanced across participants. For ecological reasons,
texts were presented to children in a booklet. The design was
self paced, as to ensure children are reading in their natural
pace that is most comfortable for them.

After reading each text, students were asked to answer four
multiple choice reading comprehension questions that were
developed especially for the current study. Prior to conducting
the study, the texts and questions were given to 10 judges, all
with master’s degrees in literacy, to assess that they are
indeed age-appropriate. The reliability of the tool, as examined
in a pilot study with 51 children, was high (Cronbach’s α = .
756).

Procedure.  The consent of the parents, the children, and of
the school was obtained before beginning the study. Children
were first tested individually in a quiet room at school to
determine reading and vocabulary levels. Next, there was a
group administration of the reading comprehension tool.
Children were told they would be asked to read several
passages and answer some questions about them. They had
up to 30 minutes to complete the entire task.

Results
For each participant, we calculated an overall reading

comprehension score for each text by computing the proportion
of reading comprehension questions answered correctly out of
four. Results are presented in Figure 1. The analysis yielded a
significant effect of font size on reading comprehension:
second graders had higher comprehension scores on the
standard font-size text (.87) than the small font-size text (.79),
t(43) = 2.32, p< .05, Cohen’s d = .35. The analysis also yielded
a significant effect of line length: Second graders had higher
comprehension scores on the standard font-size text than the
large line-length text (.74), t(40) = 3.35, p< .01, Cohen’s d = .
54. Comparing reading comprehension between the standard
text and the small spacing text did not yield a significant effect,
t(43) = 1.00, ns, Cohen’s d = .153.

Experiment 2: Fifth Grade

The results of Experiment 1 support the prediction that for
young children learning to read, increasing the perceptual
disfluency of text, by decreasing font size or increasing line
length, impairs comprehension. Experiment 2 was designed to
examine the hypothesis that the opposite pattern, i.e.,
increased comprehension for more disfluent texts, would
emerge for older children in fifth grade.

Method
Participants.  Participants were 45 fifth graders (24 girls,

mean age 10.5 years) drawn from the same schools as the
participants in Experiment 1. All children had reading and
verbal abilities in the average range, based on standardized
measures [39,40]. See Table 1.

Materials and Procedure.  To examine reading
comprehension, we developed a tool that was equivalent to the
one used in Experiment 1 but adapted for fifth graders by
employing the following changes: (1) the four age-appropriate
texts were adapted from previous national reading assessment
materials for the fifth grade and were 110-120 words long; (2)
the dimensions of the baseline text represented the text
dimensions that are used for national reading assessment for
the fifth grade, and reflected the typical font size, line length,
and line spacing used in textbooks for this grade—13 pt font
size, 4.6 inch line length, one and a half line spacing. Again,
disfluency was created for the other three texts by decreasing
the font size of one text by 20%, increasing the line length of
another text by 20%, and decreasing line spacing by 20% for
the final text. The reliability of the tool, as examined in a pilot
study with 50fifth graders, was high (Cronbach’s α = .797). The
procedure was identical to the one used in Experiment 1.

Results
For each participant, we calculated an overall reading

comprehension score for each text by computing the proportion
of reading comprehension questions answered correctly out of
four. Results are presented in Figure 2. Results yielded a
significant effect of font size on reading comprehension: in
contrast to the effect found for second graders, fifth graders

Figure 1.  Mean reading comprehension score by text
property for 2nd grade (Experiment 1).  Error bars designate
+1SEM.
doi: 10.1371/journal.pone.0074061.g001

Table 1. Descriptive statistics for PPVT, Rapid Naming, and
Word Reading from Alef ad Taf for second and fifth grade
children (N = 45 & 45, respectively).

 Second Grade Children Fifth Grade children

 Mean (SD) Min-Max Mean (SD) Min-Max
PPVT SS 93.7 (5.2) 85-130 93.33 (3.2) 83-124
Word Reading SS 109 (5.1)  88-122 105 (6.9) 87-116
Naming Speed Raw 39 sec (8.6) 26-58 30.00sec (5.6) 18-42

doi: 10.1371/journal.pone.0074061.t001
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had higher comprehension scores for the smaller font-size text
(.91) than the standard font-size text (.81), t(44) = -2.72, p< .01,
Cohen’s d = .43. No significant effects of line length or line
spacing were obtained, t(44) = .92, ns, Cohen’s d = .14 and
t(44) = -.33, ns, Cohen’s d = .02, respectively.

To further examine the opposite effects of font size obtained
for second graders in Experiment 1 and fifth graders in
Experiment 2, we pooled the data across the two experiments
and conducted a mixed-design analysis of variance, with font
size (small vs. standard) and grade (second vs. fifth) as within-
and between-participant factors, respectively. No main effects
of font size or class were obtained, both F’s < 1. Importantly,
the analysis yielded a significant 2-way interaction between
font-size and class, F(1, 87) = 12.74, MSE = .45, p< .001, ηp

2

= .13. Thus, in fifth graders, comprehension benefited from
decreasing font size, whereas in second graders,
comprehension was impaired by this manipulation. Equivalent
analyses yielded only a marginally significant interaction for line
length, F(1, 84) = 3.26, MSE = .47, p = .07, ηp

2 = .04, and a
non-significant interaction for line spacing, F< 1.

General Discussion

Reading comprehension research has mainly focused on
differences between good and poor comprehenders, and on
the cognitive and linguistic factors that predict efficient
extraction of meaning from text [38]. The current study
represents a novel approach to research on reading
comprehension by suggesting that, (1) merely manipulating the
typographical aspects of text presentation can affect reading
comprehension among children, and (2) children at different
stages in the development of reading respond differently to
these typographical manipulations. Specifically, the results of
the current experiments suggest that manipulating presentation
of text and making it disfluent has opposite effects on children
at different reading stages. Among young readers in second
grade, reading comprehension became more impaired when a
text was made less fluent by decreasing font size or increasing
line length, whereas in fifth grade, reading comprehension
benefited from the increased disfluency brought on by
decreased font size. Interestingly, line spacing did not have an
effect on both grades, indicating that perhaps it is not a
contextual cue that children rely on in retrieving information.

In the following sections, we address two theoretical issues.
First, we suggest that current theoretical and applied models of
reading comprehension should be expanded to include text
presentation/perceptual fluency as a factor of influence.
Second, we discuss the notion of "desirable difficulties" in
learning [17,19] from a developmental perspective,
emphasizing its implications for reading instruction.

The Effect of Manipulating Text Presentation on
Reading Comprehension

The opposite substantial effects of text presentation on
reading comprehension for younger vs. older children have
theoretical and educational implications. Theoretically, they
suggest that the interaction between the reader and the text is
not only content based, nor does it solely relate to factors such

as background knowledge, proficiency in decoding, spelling
etc.

In fact, text presentation changes the way information is
encoded and processed. This notion has been previously
suggested for reading rate and accuracy of young children. In
the current research we suggest that similar effect exists for
higher level processing (i.e., reading comprehension), and also
for older children. Along similar lines with previous studies that
have shown that decreasing font size impairs reading rate and
accuracy in young children, in this study decreasing font size
impaired comprehension. However, for older children, previous
studies showed that decreasing font size did not affect their
reading rate and accuracy [34,37], whereas in this study it
actually enhanced comprehension.

In order to understand the mechanism that may underlie the
different effects on younger vs. older children we suggest a
distinction between two bases of reading-related fluency. The
first stems from differences in the reader component of the
RAND model [14] and is the traditional reading fluency [41]: the
rate, accuracy, and proficiency of reading. The second stems
from differences in the text component of the RAND model is
what we have termed perceptual fluency, which is affected by
be manipulations of perceptual features of text presentation.

Reader-Based Fluency Differences
The direction of causality between reading fluency and

comprehension is currently a matter of some debate [41].
There is evidence that reading fluency both contributes to and
is a product of comprehension [42]. These researchers thus
advocated viewing comprehension and (reading) fluency as
having a reciprocal causal relationship, a view currently
espoused by practitioners as well as reading researchers [43].
Traditionally, however, researchers have theorized that reading
fluency primarily facilitates comprehension, in line with
automaticity theory [5]. Thus, the more fluent a reader is, the
more resources could be allocated for comprehension. The
assumption behind the automaticity theory is that memory can
only cope with the demands needed for reading if important

Figure 2.  Mean reading comprehension score by text
property for 5th grade (Experiment 2).  Error bars designate
+1SEM.
doi: 10.1371/journal.pone.0074061.g002
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components can be processed automatically [44]. It is believed
that the relationship between reading fluency and
comprehension depends, to some degree, on reading skill [45].
It has been found that reading fluency was less strongly
correlated with reading comprehension among poor readers
with an isolated reading fluency (speed) deficit than it was
among more proficient readers [7]. That is for some poor slow
readers, spending more time may be an effective strategy.
Hence better readers are typically faster and more accurate.
However, slow readers in some case could have adequate
comprehension, while some struggling comprehenders are
typically slow, and laborious [46]. Many reading interventions in
fact have focused on reading acceleration as a means towards
enhancing comprehension [47,48].

Text-Based Fluency Differences
The current study postulates a supplementary view of the

relationship between fluency and comprehension. We suggest
that under certain conditions, manipulating text-based fluency
(perceptual fluency), making text more or less easy to process,
may actually, and counterintuitively, enhances comprehension,
at least for older, upper elementary school students.

Thus, in the context of the RAND model of comprehension,
which includes three components, the reader, the text, and the
activity, we suggest that the text component should address
not only the text type, but also the typographical text
presentation mode [14].

In the current study, older readers who had mastered the
efficiency stage of reading benefited from a decrease in font
size that made the print less perceptually fluent. Presumably,
the decreased perceptual fluency made the text more difficult
to process, at least subjectively, leading them to engage more
deeply in reading the text. Similar to previous studies that
examined only rate and accuracy of sentence reading and not
comprehension, children in second grade, who had not yet
reached efficiency, did not benefit from the manipulation of text
or the decrease in fluency [40]. This may have caused them to
read slower, thus impacting their memory for what they read
[49]. However the older children, who naturally were faster,
benefited from the added difficulty of processing smaller text.
Findings from the current study suggests that only after lower
level skills have been mastered, such that there is indeed a
relationship between reading fluency and comprehension, does
perceptual disfluency become an effective mean for reaching
deeper processing (improved comprehension). In younger
children, who are still developing the concurrent sub-skills
involved in reading (decoding, speed, orthography, etc.), the
increase in cognitive load created by disfluent text and the
mental effort required for comprehension do not result in better
performance. Interestingly, the extra spacing effect that was
found to aid dyslexic readers, did not aid the young children in
this study. Similar to adults For instance, reading speed in
skilled adult readers is slowed when letter spacing is doubled
[3].

Since we did not time the children, as this was a silent
reading task, we do not know if this was due to the prolonged
time they spent on the task, or their altered strategies in
interacting with the text that changed their reading scores.

However, measures that tap reading time, such as rapid
naming and timed word reading did not correlate with any of
the reading comprehension text conditions indicating that slow
and fast readers were similarly affected by the task. Future
studies should also examine reaction times for reading text in
different fonts.

Developmental Perspective on Desirable Difficulties
As noted in the introduction, numerous studies in cognitive

psychology have shown that manipulations that introduce
difficulties during learning often enhance learning, somewhat
counterintuitively [17]. However, it is important to emphasize
that not all difficulties are desirable [50]. As noted, “Many
difficulties are undesirable during instruction and forever after.
Desirable difficulties, versus the array of undesirable
difficulties, are desirable because they trigger encoding and
retrieval processes that support learning, comprehension, and
remembering. If, however, the learner does not have the
background knowledge or skills to respond to them
successfully, they become undesirable difficulties.” [19]. To
design instruction optimally, educators should therefore be able
to choose the appropriate level of difficulty to support learning,
rather than hinder it.

The current study contributes to this common view of
difficulties as desirable to learning by raising the need to
consider developmental trends when determining the difficulty
levels used during instruction. For example, French at his
colleagues, found that making fonts disfluent had greater
effects on students with dyslexia than on typical adolescent
readers [49] In the current study, increasing perceptual
disfluency by changing typographical features of the text from
the standard children are accustomed to, enhanced
comprehension for older, skilled readers, but impaired
comprehension for young, unskilled readers. Clearly, the
standard text presentation format was difficult enough for the
younger children, such that added difficulty was detrimental to
them. Thus, to promote learning, specific instruction conditions
should be carefully examined in light of the students’ skill level,
and educators should keep in mind that the optimal level of
difficulty to support learning is constantly changing as children
develop their learning skills.

Future Directions and Concluding Comments
Our results provide an initial, unique exploration of the effect

of manipulating text features and on reading comprehension,
though more research is needed to achieve a more
comprehensive understanding of this process. While better
comprehenders are often more fluent as readers, when looking
at the text component, making the text (as opposed to the
reader) less fluent may be more beneficial for instruction of
older readers. In this study, in order to ensure ecological
validity we did not control for reading time. Future studies
should examine whether enhanced comprehension is due to
prolonged reading in any of the conditions. However, reading
time might not have played a role in the findings, as previous
studies indicate that smaller font sizes did not affect the
reading speed of older children [29]. To better understand our
results, future studies may also directly examine how readers
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monitor their comprehension and learning of text while reading,
and how disfluency affects such monitoring by, for example,
eliciting online judgments of learning. In addition, it is important
that future research examine not only the effect of perceptual
fluency on online processing of text, but also its effect on
delayed retention of the information read. Finally, it would be
interesting to examine if any of the conditions has an effect of
motivation.

In conclusion, indeed one should not judge a book by its
cover, but one should pay attention to how the text is presented

within. This is especially important today, when many texts are
read using electronic devices and font size can be easily
manipulated.

Author Contributions

Conceived and designed the experiments: TK. Performed the
experiments: SH. Analyzed the data: VH. Contributed reagents/
materials/analysis tools: VH. Wrote the manuscript: TK VH SH.

References

1. Diemand-Yauman C, Oppenheimer DM, Vaughan EB (2011) Fortune
favors the bold (and the italicized): Effects of disfluency on educational
outcomes. Cognition 118: 114-118. PubMed: 21040910.

2. Kelley CM, Rhodes MG (2002) Making sense and nonsense of
experience: Attributions in memory and judgment. In: B Ross. Psychol
Learn Motiv. New York: Academic Press. pp. 293-320.

3. Zorzi M, Barbiero C, Facoetti A, Lonciari I, Carrozzi M et al. (2012)
Extra-large letter spacing improves reading in dyslexia. Proc Natl Acad
Sci USA, 109: 28: 11455-11459. doi:10.1073/pnas.1205566109.
PubMed: 22665803.

4. Chall JS (1991) Stages of reading development. New York: McGraw-
Hill.

5. La Berge D, Samuels J (1974) Toward a theory of automatic
information processing in reading. Cogn Psychol 6:2: 293-323. doi:
10.1016/0010-0285(74)90015-2.

6. Perfetti CA (1995) Cognitive research can inform reading education. J
Read Res 18: 106-115. doi:10.1111/j.1467-9817.1995.tb00076.x.

7. Katzir T, Wolf M, O’Brien B, Kennedy B, Lovett M et al. (2006) Reading
fluency: The whole is more than the parts. Ann Dyslexia 56:1: 51-82.
doi:10.1007/s11881-006-0003-5. PubMed: 17849208.

8. Katzir T, Lesaux NK, Kim YS (2009) The role of reading self-concept
and home literacy practices in fourth grade reading comprehension.
Read Writ 22:3: 261-276. doi:10.1007/s11145-007-9112-8.

9. Sweet AP, Snow CE (2002) Reconceptualizing reading
comprehension. In: CC BlockLB GambrellM Pressley. Improving
reading comprehension instruction: Rethinking research, theory and
classroom practice. San Francisco, CA: Jossey-Bass. pp. 17-53.

10. Joshi RM, Williams KA, Wood JR (1998) Predicting reading
comprehension from listening comprehension: Is this the answer to the
IQ debate? In: C HulmeRM Joshi. Reading and spelling: Development
and disorders. Mahwah NJ, USA: Lawrence Erlbaum Associates. pp.
319-327.

11. Perfetti CA, Landi N, Oakhill JV (2005) The acquisition of reading
comprehension skill. In: MJ SnowlingC Hulme. The science of reading:
A handbook. Oxford, England: Blackwell Publishing House. pp.
227-247.

12. Cain K, Oakhill J, Bryant P (2004) Children’s reading comprehension
ability: Concurrent prediction by working memory, verbal ability, and
component skills. J Educ Psychol 96:1: 31-42. doi:
10.1037/0022-0663.96.1.31.

13. Conlon EG, Zimmer-Gembeck MJ, Creed PA, Tucker M (2006) Family
history, self-perceptions, attitudes and cognitive abilities are associated
with early adolescent reading skills. J Read Res 29:1: 11-32. doi:
10.1111/j.1467-9817.2006.00290.x.

14. Reading: RAND Reading Study Group for understanding: Toward an
R&D program in reading comprehension.Washington, DC: RAND
Education.

15. Guthrie JT, Wigfield A (1999) How motivation fits into a science of
reading. Sci Stud Reading 3: 199-205. doi:10.1207/
s1532799xssr0303_1.

16. Sweller J, Chandler P (1994) Why some material is difficult to learn.
Cogn Instruct 12:3: 185-233. doi:10.1207/s1532690xci1203_1.

17. Bjork RA (1994) Memory and metamemory considerations in the
training of human beings. In: J MetcalfeA Shimamura. Metacognition:
Knowing about knowing. Cambridge, MA: MIT Press. pp. 185-205.

18. Craik F, Tulving E (1975) Depth of processing and the retention of
words in episodic memory. J Exp Psychol Hum Learn 104:3: 268-294.

19. Bjork EL, Bjork RA (2011) Making things hard on yourself, but in a good
way: Creating desirable difficulties to enhance learning. In: MA
GernsbacherRW PewLM HoughJR Pomerantz. Psychology and the
real world: Essays illustrating fundamental contributions to society. New
York: Worth Publishers. pp. 56-64.

20. Shea JB, Morgan RL (1979) Contextual interference effects on the
acquisition, retention, and transfer of a motor skill. J Exp Psychol
Learn 5:2: 179. doi:10.1037/0278-7393.5.2.179.

21. Castel AD, McCabe DP, Roediger HL III (2007) Illusions of competence
and overestimation of associative memory for identical items: Evidence
from judgments of learning. Psychon Bull Rev 14: 107-111. doi:
10.3758/BF03194036. PubMed: 17546739.

22. Alter AL, Oppenheimer DM, Epley N, Eyre RN (2007) Overcoming
intuition: Metacognitive difficulty activates analytic reasoning. J Exp
Psychol Hum Learn 136:4: 569-576. PubMed: 17999571.

23. Oppenheimer DM (2008) The secret life of fluency. Trends Cogn Sci
12:6: 237-241. doi:10.1016/j.tics.2008.02.014. PubMed: 18468944.

24. Sungkhasettee VW, Friedman MC, Castel AD (2011) Memory and
metamemory for inverted words: Illusions of competency and desirable
difficulties. Psychon Bull Rev 18: 973-978. doi:10.3758/
s13423-011-0114-9. PubMed: 21626231.

25. Song H, Schwarz N (2008) Fluency and the detection of misleading
questions: Low processing fluency attenuates the Moses illusion. Soc
Cogn 26:6: 791-799. doi:10.1521/soco.2008.26.6.791.

26. Corley M, MacGregor LJ, Donaldson DI (2007) It’s the way that you, er,
say it: Hesitations in speech effect language comprehension. Cognition
105: 658-668. doi:10.1016/j.cognition.2006.10.010. PubMed:
17173887.

27. Rhodes MG, Castel AD (2009) Metacognitive illusions for auditory
information: Effects on monitoring and control. Psychon Bull Rev 16:
550-554. doi:10.3758/PBR.16.3.550. PubMed: 19451383.

28. Alter AL, Oppenheimer DM (2009) Suppressing Secrecy Through
Metacognitive Ease Cognitive Fluency Encourages Self-Disclosure.
Psychol Sci 20:11: 1414-1420. doi:10.1111/j.1467-9280.2009.02461.x.
PubMed: 19845889.

29. Lonsdale MD, Dyson MC, Reynolds L (2006) Reading in examination
type situation- the effects of text layout on performance. J Read Res
29:4: 433-453. doi:10.1111/j.1467-9817.2006.00317.x.

30. Reber R, Schwarz N (1999) Effects of perceptual fluency on judgments
of truth. Conscious Cogn 8: 338-342. doi:10.1006/ccog.1999.0386.
PubMed: 10487787.

31. Werth L, Strack F (2003) An inferential approach to the knew-it-all-
along phenomenon. Memory 11: 411-419. doi:
10.1080/09658210244000586. PubMed: 14562871.

32. Rhodes MG, Castel AD (2008) Memory predictions are influenced by
perceptual information: Evidence for metacognitive illusions. J Exp
Psychol Gen 137: 615-625. doi:10.1037/a0013684. PubMed:
18999356.

33. McDaniel MA, Hines RJ, Guynn MJ (2002) When text difficulty benefits
less-skilled readers. J Mem Lang 46:3: 544-561. doi:10.1006/jmla.
2001.2819.

34. Hughes LR, Wilkins AJ (2000) Typography in children’s reading
schemes may be suboptimal – Evidence from measures of reading
rate. J Read Res 23:3: 314-324. doi:10.1111/1467-9817.00126.

35. Obrien B, Mansfiled JS, Legge G (2005) The effect of print size on
reading speed in dyslexia. J Read Res 28:3: 332-349. doi:10.1111/j.
1467-9817.2005.00273.x.

36. Hughes LE, Wilkins AJ (2002) Reading at a distance: Implications for
the design of text in children’s big books. Br J Educ Psychol 72:
213-226. doi:10.1348/000709902158856. PubMed: 12028609.

37. Primor L, Pierce M, Katzir T (2011) Predicting reading comprehension
of narrative and expository texts among Hebrew-speaking readers with
and without a reading disability. Ann Dyslexia 61:2: 242-268. doi:
10.1007/s11881-011-0059-8. PubMed: 21993604.

38. Shany M, Lahman D, Shalem T, Bahat A, Zayger T (2006) Alef ad taf-
A system for diagnosing disabilities in the processes of reading and
writing according to national norms. Holon, Israel: Yesod Publishing.

The Effect of Font Size on Reading Comprehension

PLOS ONE | www.plosone.org 7 September 2013 | Volume 8 | Issue 9 | e74061

http://www.ncbi.nlm.nih.gov/pubmed/21040910
http://dx.doi.org/10.1073/pnas.1205566109
http://www.ncbi.nlm.nih.gov/pubmed/22665803
http://dx.doi.org/10.1016/0010-0285(74)90015-2
http://dx.doi.org/10.1111/j.1467-9817.1995.tb00076.x
http://dx.doi.org/10.1007/s11881-006-0003-5
http://www.ncbi.nlm.nih.gov/pubmed/17849208
http://dx.doi.org/10.1007/s11145-007-9112-8
http://dx.doi.org/10.1037/0022-0663.96.1.31
http://dx.doi.org/10.1111/j.1467-9817.2006.00290.x
http://dx.doi.org/10.1207/s1532799xssr0303_1
http://dx.doi.org/10.1207/s1532799xssr0303_1
http://dx.doi.org/10.1207/s1532690xci1203_1
http://dx.doi.org/10.1037/0278-7393.5.2.179
http://dx.doi.org/10.3758/BF03194036
http://www.ncbi.nlm.nih.gov/pubmed/17546739
http://www.ncbi.nlm.nih.gov/pubmed/17999571
http://dx.doi.org/10.1016/j.tics.2008.02.014
http://www.ncbi.nlm.nih.gov/pubmed/18468944
http://dx.doi.org/10.3758/s13423-011-0114-9
http://dx.doi.org/10.3758/s13423-011-0114-9
http://www.ncbi.nlm.nih.gov/pubmed/21626231
http://dx.doi.org/10.1521/soco.2008.26.6.791
http://dx.doi.org/10.1016/j.cognition.2006.10.010
http://www.ncbi.nlm.nih.gov/pubmed/17173887
http://dx.doi.org/10.3758/PBR.16.3.550
http://www.ncbi.nlm.nih.gov/pubmed/19451383
http://dx.doi.org/10.1111/j.1467-9280.2009.02461.x
http://www.ncbi.nlm.nih.gov/pubmed/19845889
http://dx.doi.org/10.1111/j.1467-9817.2006.00317.x
http://dx.doi.org/10.1006/ccog.1999.0386
http://www.ncbi.nlm.nih.gov/pubmed/10487787
http://dx.doi.org/10.1080/09658210244000586
http://www.ncbi.nlm.nih.gov/pubmed/14562871
http://dx.doi.org/10.1037/a0013684
http://www.ncbi.nlm.nih.gov/pubmed/18999356
http://dx.doi.org/10.1006/jmla.2001.2819
http://dx.doi.org/10.1006/jmla.2001.2819
http://dx.doi.org/10.1111/1467-9817.00126
http://dx.doi.org/10.1111/j.1467-9817.2005.00273.x
http://dx.doi.org/10.1111/j.1467-9817.2005.00273.x
http://dx.doi.org/10.1348/000709902158856
http://www.ncbi.nlm.nih.gov/pubmed/12028609
http://dx.doi.org/10.1007/s11881-011-0059-8
http://www.ncbi.nlm.nih.gov/pubmed/21993604


39. Dunn LM (1997) Peabody Picture Vocabulary Test. Minnesota,
American Guidance Service.

40. Wolf M, Katzir-Cohen T (2001) Reading fluency and its intervention. Sci
Stud Reading 5:3: 211-239. doi:10.1207/S1532799XSSR0503_2.

41. Stecker SK, Roser NL, Martinez MG (1998) Understanding of oral
reading fluency. In: T ShanahanFV Rodriguez-Brown. 47th yearbook of
the National Reading Conference. Chicago: National Reading
Conference. pp. 295-310.

42. Pikulski JJ, Chard DJ (2005) Fluency: Bridge between decoding and
comprehension. Reading Teach 58:6: 510-519. doi:10.1598/RT.58.6.2.

43. Snellings P, van der Leij A, de Jong PF, Blok H (2009) Enhancing the
reading fluency and comprehension of children with reading disabilities
in an orthographically transparent language. J Learn Disabil 42:
291-305. doi:10.1177/0022219408331038. PubMed: 19223667.

44. Jenkins R, Fuchs L, van den Broek P, Espin C, Deno SL (2003)
Sources of individual differences in reading comprehension and
reading fluency. J Educ Psychol, 95(4): 719-729. doi:
10.1037/0022-0663.95.4.719.

45. Katzir T, Morris R, Lovett M, Wolf M (2008) Multiple pathways to
dysfluent reading in subtypes of dyslexia. J Learn Disabil 41:1: 47-66.
doi:10.1177/0022219407311325. PubMed: 18274503.

46. Breznitz Z (2006) Fluency in reading: Synchronization of processes.
Mahwah, NJ, USA: Lawrence Erlbaum Associates.

47. Wolf M, Miller L, Donnelly K (2000) The Retrieval, Automaticity,
Vocabulary Elaboration, Orthography (RAVE-O): A comprehensive
fluency-based reading intervention program. J Learn Disabil 33: 375–
386. doi:10.1177/002221940003300408. PubMed: 15493098.

48. Yue CL, Castel AD, Bjork RA (2013) When disfluency is- and is not-a
desirable difficulty: The influence of typeface clarity on metacognitive
judgments and memory. Mem Cogn 41: 229-241. doi:10.3758/
s13421-012-0255-8.

49. French MMJ, Blood A, Bright ND, Futak D, Grohmann MJ et al. (2013)
Changing Fonts in Education: How the Benefits Vary with Ability and
Dyslexia. J Educ Res In press.

50. Nelson TO, Narens L (1990) Metamemory: A theoretical framework and
new findings. In: G Bower. The psychology of learning and motivation:
Advances in research and theory. New York: Academic Press. pp.
125-173.

The Effect of Font Size on Reading Comprehension

PLOS ONE | www.plosone.org 8 September 2013 | Volume 8 | Issue 9 | e74061

http://dx.doi.org/10.1207/S1532799XSSR0503_2
http://dx.doi.org/10.1598/RT.58.6.2
http://dx.doi.org/10.1177/0022219408331038
http://www.ncbi.nlm.nih.gov/pubmed/19223667
http://dx.doi.org/10.1037/0022-0663.95.4.719
http://dx.doi.org/10.1177/0022219407311325
http://www.ncbi.nlm.nih.gov/pubmed/18274503
http://dx.doi.org/10.1177/002221940003300408
http://www.ncbi.nlm.nih.gov/pubmed/15493098
http://dx.doi.org/10.3758/s13421-012-0255-8
http://dx.doi.org/10.3758/s13421-012-0255-8

	The Effect of Font Size on Reading Comprehension on Second and Fifth Grade Children: Bigger Is Not Always Better
	Introduction
	Reading Development and Reading Comprehension
	The Effects of Manipulating Perceptual Presentation on Cognitive Performance
	The Developmental Effects of Manipulating Perceptual Presentation of Text
	The Current Experiments

	Experiment 1: Second Grade
	Method
	Results

	Experiment 2: Fifth Grade
	Method
	Results

	General Discussion
	The Effect of Manipulating Text Presentation on Reading Comprehension
	Reader-Based Fluency Differences
	Text-Based Fluency Differences
	Developmental Perspective on Desirable Difficulties
	Future Directions and Concluding Comments

	Author Contributions
	References


