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Previous research has shown that disfluency – the subjective experience of difficulty asso-
ciated with cognitive operations – leads to deeper processing. Two studies explore the
extent to which this deeper processing engendered by disfluency interventions can lead
to improved memory performance. Study 1 found that information in hard-to-read fonts
was better remembered than easier to read information in a controlled laboratory setting.
Study 2 extended this finding to high school classrooms. The results suggest that superficial
changes to learning materials could yield significant improvements in educational
outcomes.
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1. Introduction However, in some cases making material harder to learn
Many educators believe that their ability to teach effec-
tively relies on instinct and experience (Book, Byers, &
Freeman, 1983). However, research has shown that instinct
can be deceiving and lead to educational strategies that are
detrimental to learners (Bjork, 1994). For example, stu-
dents tend to gauge the relative success of a learning ses-
sion based on the ease of encoding information rather
than subsequent performance, and instructors may not
have access to information on student’s long-term reten-
tion and thus may also evaluate learning based on encod-
ing (Bjork, 1994). Similarly, many education researchers
and practitioners believe that reducing extraneous cogni-
tive load is always beneficial for the learner (Sweller &
Chandler, 1994). In other words, if a student has a rela-
tively easy time learning a new lesson or concept, both
the student and instructor are likely to label the session
as successful even if the student is unable to retrieve the
information at a later time.
. All rights reserved.
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can improve long-term learning and retention (Bjork,
1994). More cognitive engagement leads to deeper pro-
cessing, which facilitates encoding and subsequently bet-
ter retrieval (Craik & Tulving, 1975). Aptly named
‘‘desirable difficulties’’ capitalize on this by creating addi-
tional cognitive burdens that improve learning.

For example, in one experimental paradigm researchers
increased depth of processing by requiring the learner to
generate rather than passively consume information
(Richland, Bjork, Finley, & Linn, 2005). Hirshman and Bjork
(1988) found that requiring participants to generate letters
in a word pair (e.g. ‘‘salt:p_pp_r’’) during memorization re-
sulted in a higher retention rate of the word pairs than
when the pairs were presented in their entirety (e.g. ‘‘salt:-
pepper’’). This was later extended this to real-world class-
room environments and shown to yield similarly positive
effects (Richland et al., 2005). It is worth noting that it is
not the difficulty, per se, that leads to improvements in
learning but rather the fact that the intervention engages
processes that support learning. Thus, the benefits of gen-
eration can (under the right circumstances) overcome the
drawbacks of the increased difficulty. Not all difficulties
are desirable, and presumably interventions that engage
more elaborative processes without also increasing
e favors the ( ): Effects of disfluency
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Fig. 1. Example stimuli from Study 1. The top panel shows an example
disfluent font, and the bottom panel shows the fluent font.
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difficulty would be even more effective at improving edu-
cational outcomes.

While researchers have identified a variety of desirable
difficulties such as interleaving (Richland et al., 2005) and
generation (Hirshman & Bjork, 1988; Slamecka & Graf,
1978), these methods simultaneously manipulate both
the objective difficulty and subjective difficulty of encod-
ing the material. This distinction is important, as disfluen-
cy – the subjective, metacognitive experience of difficulty
associated with cognitive tasks – has been shown to im-
pact cognitive processing independent of the objective
cognitive difficulty (Alter & Oppenheimer, 2009;
Oppenheimer, 2008).

There is strong theoretical justification to believe that
disfluency could lead to improved retention and classroom
performance. Disfluency has been shown to lead people to
process information more deeply (Alter, Oppenheimer,
Epley, & Eyre, 2007), more abstractly (Alter & Oppenheimer,
2008), more carefully (Song & Schwarz, 2008), and yield bet-
ter comprehension (Corley, MacGregor, & Donaldson, 2007),
all of which are critical to effective learning.

Importantly, disfluency can function as a cue that one
may not have mastery over material (for a review, see Alter
and Oppenheimer (2009)). For example, studies have
shown that fluency is highly related to people’s confidence
in their ability to later remember new information (e.g.
Castel, McCabe, & Roediger, 2007). To the extent that a per-
son is less confident in how well they have learned the
material, they are likely to engage in more effortful and
elaborative processing styles (Alter et al., 2007).

For example, Alter and his colleagues presented partic-
ipants with logical syllogisms in either an easy- or difficult-
to-read font. Participants were significantly less confident
in their ability to solve the problems when the font was
hard-to-read, however they were in reality significantly
more successful. Alter et al. (2007) subsequently showed
that when material was disfluent participants were less
likely to use heuristics, and tended to rely on more system-
atic and elaborative reasoning strategies. In this way, disfl-
uency might indirectly improve retention and transfer by
leading people to engage in deeper processing of the infor-
mation (c.f. Oppenheimer, 2008).1

Disfluency can be produced merely by
(Alter &

Oppenheimer, 2009). While other forms of desirable diffi-
culties require significant curriculum reform to implement,
disfluency manipulations could be adopted cheaply, easily,
and without imposing on teachers.

To test whether disfluency based interventions could
improve retention, participants learned fictional biological
taxonomies that were presented in either easy or challeng-
ing fonts.
1 Craik and Lockhart’s (1972) demonstrations of depth of processing
asked people to make judgments about surface features such as font, and
showed that led to shallow processing. In contrast, while we are presenting
materials in different fonts, we are asking participants to learn the material.
We do not argue that participants attend to the font (which would be
shallow processing) but rather that the font creates a metacognitive
experience of disfluency which leads them to engage in more elaborative
encoding strategies (which is deeper processing).
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2. Study 1

2.1. Participants

Twenty-eight participants recruited through the
Princeton University paid subject pool took part in this study
in exchange for $12. Participants’ ages ranged from 18 to 40.

2.2. Materials, procedure, and design

Participants were asked to learn about three species of
aliens, each of which had seven features, for a total of 21
features that needed to be learned (see Fig. 1 for examples
of the features to be learned). This task was meant to par-
allel taxonomic learning in a biology classroom; alien spe-
cies were used in place of actual species to ensure
participants had no prior knowledge of the domain.

In the disfluent condition, material was presented in
12-point 60% grayscale font (see Fig. 1a)
or 12-point 60% grayscale. In the fluent condi-
tion, material was presented in 16-point Arial pure black
font (see Fig. 1b). As is evident from the examples, the dis-
fluency manipulation is quite subtle. While there is no
question that the disfluent text feels harder to read than
the fluent text when they are presented side by side, in
the absence of a fluent sample to contrast against, it is un-
likely that a reader would even be consciously aware of the
added difficulty that the disfluent text engenders. A be-
tween-subjects design was used, such that each participant
was only exposed to one font.

Participants were given 90 s to memorize the informa-
tion in the lists. They were then distracted for approxi-
mately 15 min with unrelated tasks. Finally, participants’
memory for the material was tested. For each participant,
seven of the features were randomly sampled and partici-
pants were asked questions about those features (e.g.
‘‘what is the diet of the pangerish?’’ or ‘‘what color eyes
does the norgletti have?’’).

3. Results and discussion

One participant was eliminated from analysis as an out-
lier for being more than three standard deviations from the
mean. On average, participants in the fluent condition suc-
cessfully answered 72.8% of the questions. Meanwhile, par-
ticipants in the disfluent conditions were successful on
e favors the ( ): Effects of disfluency
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average 86.5% of the time. This difference was statistically
significant (t(26) = 2.3, p < .05). In sum, after a 15-min de-
lay, participants in the disfluent condition recalled 14 per-
centage points more information than those in the fluent
condition. There were no reliable differences in retention
between participants exposed to the different disfluent
fonts. That is, the type of font that created the disfluency
did not matter, merely that the font was disfluent.

While this result is encouraging, there are a number of
reasons why this result might not generalize to actual
classroom environments. First, while the effects persisted
for 15 min, the time between learning and testing is typi-
cally much longer in school settings. Moreover, there are
a number of other substantive differences between the
lab and actual classrooms, including the nature of materi-
als, the learning strategies adopted, and the presence of
distractions in the environment, which could impede
generalizability.

Another concern is that because disfluent reading is, by
definition, perceived as more difficult, less motivated stu-
dents may become frustrated. While paid laboratory par-
ticipants are willing to persist in the face of challenging
fonts for 90 s, the increase in perceived difficulty may pro-
vide motivational barriers for actual students. Moreover, a
negative affective response could influence attitudes to-
wards the material being learned and undermine motiva-
tion to engage in future study of the topic. Indeed, there
is ample evidence that disfluency typically leads to re-
duced liking (Reber, Winkielman, & Schwarz, 1998).

To determine whether effects persisted in the real
world and determine if there were negative affective con-
sequences from the intervention, a second study was run
in actual high school classrooms.
4. Study 2

4.1. Participants

Two hundred and twenty-two high school students
(ages 15–18) from a public school in Chesterland, Ohio par-
ticipated in the study. This school accommodates approxi-
mately 930 students from grades 9–12 and reported a
98.6% graduation rate (90% continue onto further educa-
tion) and 95% attendance rate in 2008. Ninety-eight per-
cent of students self-identify as White.

For a high school class to be a candidate for this re-
search, the same teacher must have been teaching at least
two classes of the same subject and difficulty level with the
same supplementary learning material (PowerPoint pre-
sentations or handouts). Six different science and non-
science classes met these criteria. These classes were AP
English, Honors English, Honors Physics, Regular Physics,
Honors US History, and Honors Chemistry.
4.2. Materials, procedure, and design

Teachers were instructed to send all relevant supple-
mentary learning materials to the experimenters in advance
of their distribution. The experimenters received and
manipulated two types of learning materials from teachers:
Please cite this article in press as: Diemand-Yauman, C., et al. Fortun
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worksheets and PowerPoint slides. However, PowerPoint
slides were only available in physics classrooms. The actual
content of the material was not altered in any way. At no
point did the experimenters have face-to-face contact with
the students or teachers; the editing of the materials was
done by proxy in Princeton, New Jersey.

The different sections of each class were randomly
assigned to a disfluent or control category. The fonts
of the learning material in the disfluent condition were
either changed to , ,

, or were copied disfluently (by mov-
ing the paper up and down during copying) when elec-
tronic documents were unavailable. In the control
condition, the learning materials were unedited. The font
size of the supplementary material was not changed unless
the size coupled with the disfluent font made the text illeg-
ible as reported by the teacher or experimenters, in which
case the font size was adjusted to allow legibility. In one
case a teacher refused to administer the Haettenschweiler
font because he believed it was too hard-to-read. This class
was switched to Comic Sans Italicized.

In an effort to prevent the well-documented effects of
self-fulfilling prophecies, (Brophy, 1983; Haynes &
Johnson, 1983) teachers were blind to the hypothesis and
told only that the experiment focused on the effects of pre-
senting reading in different fonts. It is likely that they
would intuitively predict that the degraded font would
cause students to perform more poorly, thus making the
hypothesis more conservative by pitting it against expec-
tancy effects.

No other changes were made to the students’ learning
environments or to the teachers’ classroom routine. The
length of the study in each individual classroom varied
depending on the length of the teacher’s lesson plan, rang-
ing from a week and a half for history to nearly a month for
physics. To determine the effects of disfluency, the results
of the normal assessment tests for the class were collected
and analyzed.

After the units were completed and exams were taken,
a four-question survey was administered to test whether
disfluency affected motivational factors. Students were
asked to rate their responses to the following questions
on a scale of 1–5: ‘‘How difficult do you find the material
in this class?’’ (1 = ‘very easy’, 5 = ‘very difficult’), ‘‘How
do you feel about the material covered in class?’’ (1 = ‘I like
it very little’, 5 = ‘I like it very much’), ‘‘How frequently do
you feel confused or lost during class?’’ (1 = ‘never’, 5 = ‘all
the time’), and ‘‘How likely are you to take classes on this
material in college?’’ (1 = ‘very unlikely’, 5 = ‘very likely’).

5. Results

Student test performance was converted to Z-scores so
as to provide a common metric to compare students across
different courses. Z-scores were calculated across different
sections of the same course, but not across courses. Stu-
dents in the disfluent condition scored higher on classroom
assessments (M = .164, SD = 1.03) than those in the control
(M = �.295, SD = 1.03). An independent samples t-test re-
vealed that this trend was statistically significant
(t(220) = 3.38, p < .001, Cohen’s d = 0.45, see Table 1 for a
e favors the ( ): Effects of disfluency
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Table 1
Average Z-score for fluent and disfluent supplementary materials across the
five usable classrooms. Note that the Z-scores do not sum to 0 across
conditions because of unequal sample sizes by condition.

Course Control Disfluent

English AP �.058 .135
English Honors �.175 .131
Physics Honors �.251 .215
Physics Regular �1.13 .421
Chemistry .023 �.017
History �.177 .097
Average �.295 .164
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class by class breakdown). There were no reliable differ-
ences between the particular fonts used ( ,

, , all p > .1).
In the follow-up survey assessing the students’ feelings

towards the material, an independent samples t-test of the
average Z-scores revealed that there was no significant dif-
ference between the disfluent and fluent samples on any of
the questions asked (Q1 t = .922, Q2 t = .588 Q3 t = .1.228
Q4 t = �.571, all p’s > .1). Therefore, the survey did not re-
veal any liking or motivational differences based on flu-
ency. However, follow-up analyses showed that the
measure was indeed sensitive to differences between clas-
ses (e.g. between chemistry and history) in liking
(F(5153) = 4.965, p < .001) and frequency of confusion
(F(5152) = 7.879, p < .001). Thus the lack of observed lik-
ing/motivational differences between fluency conditions
is unlikely to be due to insensitive measures.
6. Discussion

This study demonstrated that student retention of
material across a wide range of subjects (science and
humanities classes) and difficulty levels (regular, Honors
and Advanced Placement) can be significantly improved
in naturalistic settings by presenting reading material in
a format that is slightly harder to read. While disfluency
appears to operate as a desirable difficulty, presumably
engendering deeper processing strategies (c.f. Alter et al.,
2007), the effect is driven by a surface feature that prima
facie has nothing to do with semantic processing.

One alternative explanation to the notion that disfluen-
cy leads to deeper processing is that the hard-to-read fonts
were more distinctive and that the effects were driven by
distinctiveness. While we cannot conclusively rule out this
possibility, it is worth noting that we sampled fonts that
are within the normal variation used in textbooks and
classroom environments. So, while the disfluent fonts were
less typical than our fluent fonts, they were not extreme as
to cause them to stand out as unusual. Moreover, over the
course of a semester, any novelty of the hard-to-read fonts
should wear off thus reducing the impact of distinctive-
ness. Of course, it is likely the effects are multiply deter-
mined, which makes pinning down the precise
mechanism quite challenging. Regardless of the underlying
cognitive process, the implications of the finding for educa-
tional practice are non-trivial.

However, while these results are an encouraging sign of
the promise of cognitive educational interventions, there
Please cite this article in press as: Diemand-Yauman, C., et al. Fortun
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are several caveats to consider. It is important to ascertain
the point at which material is no longer disfluent, but in-
stead illegible, or otherwise unnecessarily difficult to the
point that it hinders learning. It seems possible that the
influence of disfluency on retention follows a U-shaped
curve, and the exact parameters of this function remain
to be determined. With this in mind, the most effective dis-
fluency manipulations would likely be those that are with-
in the bounds of the normal variation of fonts and
materials that could reasonably appear in a classroom.

It is also worth noting that fluency manipulations can
come in many forms, some of which may be less likely to
lead to improvements in retention. For example, in an ele-
gant set of studies, Rhodes and Castel (2008) demonstrated
biases in metacognition by manipulating fluency via font
size. Larger fonts led participants to believe that they
would have better recall, but in reality memory did not dif-
fer as a function of font size. Why did not small fonts lead
to better retention, as the disfluency account would pre-
dict? One reason might be that the small font was 18 point
Arial (the large font was 48 point Arial). Even their small
font was considerably larger than standard. While the 18
point font was relatively less fluent than the 48 point font,
it still might not have been disfluent enough to bring about
the deeper thinking that disfluency engenders (c.f. Alter
et al., 2007). Further studies will be necessary to titrate
optimal levels of disfluency.

Other forms of desirable difficulties have been shown to
be moderated by factors such as the nature of the materials
(McDaniel, Hines, & Guynn, 2000) and how the materials
are tested (Thomas & McDaniel, 2007). The present studies
examined naturalistic materials and testing strategies
across a wide array of topics, but were hardly exhaustive
of the space of educational materials. Moreover, less moti-
vated or able students from less successful schools might
be more inclined to give up on the material rather than
persist and encode it more deeply (c.f. McNamara, Kintsch,
Butler-Songer, & Kintsch, 1996). Thus, further research is
advisable before widespread implementation of disfluency
interventions.

That said, fluency interventions are extremely cost-
effective, and font manipulations could be easily integrated
into new printed and electronic educational materials at
no additional cost to teachers, school systems, or distribu-
tors. Moreover, fluency interventions do not require
curriculum reform or interfere with teachers’ classroom
management or teaching styles.

The potential for improving educational practices
through cognitive interventions is immense. If a simple
change of font can significantly increase student perfor-
mance, one can only imagine the number of beneficial cog-
nitive interventions waiting to be discovered. Fluency
demonstrates how have the potential to
make big improvements in the performance of our stu-
dents and education system as a whole.
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