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Summary: In a series of four experiments, we examined the impact of disfluency in multimedia learning by testing contrasting
predictions derived from disfluency theory and cognitive load theory against each other. Would a less legible text be beneficial
to learning when accompanied by pictures, and what would be the role of less legible pictures? Students (N= 308) learned with
text and pictures that were either easy-to-read (i.e., fluent) or harder-to-read (i.e., disfluent) about how a toilet flush works
(Experiments 1–3) and about how lightning develops (Experiment 4). In line with disfluency theory, a disfluent text led to better
performance in the transfer test and to more invested mental effort in Experiment 1. However, these beneficial effects could not
be replicated in Experiments 2, 3, and 4, leaving open questions regarding the stability and generalizability of the disfluency effect,
and thus raising concerns regarding its impact for educational practice. Copyright © 2014 John Wiley & Sons, Ltd.

INTRODUCTION

Learning with multimedia (i.e., text and pictures) has gained
a lot of attention in recent years (cf. Mayer, 2009; Sweller,
Ayres, & Kalyuga, 2011). To learn successfully with a mul-
timedia instruction, students are usually required to actively
select, organize, and integrate information from the instruc-
tion (cf. Mayer, 2009). These cognitive processes are carried
out in working memory. Working memory resources, how-
ever, are limited (cf. Baddeley, 1992). In consequence,
according to cognitive load theory (CLT; Sweller et al.,
2011; Sweller, van Merriënboer, & Paas, 1998), instructional
material should be designed in a way that unnecessary
demands on working memory are avoided. According to
the traditional conception of CLT, there are three sources
that impose a load on working memory when learning with
multimedia instruction (e.g., Sweller et al., 1998). First, a
learner’s working memory is loaded by the intrinsic charac-
teristics of the instructional material (intrinsic cognitive load,
ICL). ICL is conceptualized as the load on working memory
that depends on the element interactivity (i.e., inherent com-
plexity) of the instructional material, as well as the learner’s
level of expertise (or prior knowledge). Second, learners may
experience a load that is caused entirely by the format of
instruction (extraneous cognitive load, ECL). ECL refers to
a working memory load that is caused by a poorly designed
instruction, for instance, by presenting text and pictures in a
format that requires learners to split attention (Ayres &
Sweller, 2005). Because working memory resources are lim-
ited but crucial to understanding (multimedia) instruction, re-
ducing ECL is considered being beneficial to learning (e.g.,
Sweller et al., 2011). Third, there is a desirable load on work-
ing memory, which is called germane cognitive load (GCL).
GCL reflects cognitive processes that directly contribute to
learning and a deeper comprehension of an instructional

message (via schema construction and automation). This
load may be triggered by increasing the complexity of the
instructional procedure; for instance, by increasing variabil-
ity when learning with worked-examples (e.g., Paas & van
Merriënboer, 1994; Sweller et al., 1998). Thus, following
the concept of GCL, introducing difficulties in the learning
phase can sometimes be beneficial to performance, specifi-
cally as long as the amount of ICL and ECL does not over-
burden the limited capacity of working memory so that
GCL can still be invested (e.g., De Croock, van Merriënboer,
& Paas, 1998; Paas & van Merriënboer, 1994).
In a similar vein, according to research on ‘desirable

difficulties’, intentionally introducing difficulties in the
learning process is considered to be beneficial to learning
by triggering a deeper processing of the learning contents
(cf. Bjork, 2013; Craik & Lockhart, 1972), reflected by a
higher amount of invested mental effort (Salomon, 1984).
This has been confirmed in a number of empirical studies
(e.g., deWinstanley & Bjork, 2004; Richland, Bjork,
Finley, & Linn, 2005; Salomon, 1984). According to Alter,
Oppenheimer, Epley, and Eyre (2007), introducing difficul-
ties is assumed to stimulate deeper processing, not because
of an increase in the objective difficulty, but because of an
increase in the perceived difficulty of the task. How the
perceived difficulty associated with a cognitive task, aptly
named ‘disfluency’, may relate to learning outcomes is
described within disfluency theory (Alter et al., 2007). At
this, disfluency theory leans on considerations of William
James (1890/1950), who stated that humans possess two
distinct processing systems: one that is quick, effortless,
associative, and intuitive (System 1) and another that is slow,
effortful, analytic, and deliberate (System 2). Whether System
1 or System 2 is used to process information might also
depend on the perceived ease or difficulty associated with a
cognitive task (Alter et al., 2007). If information processing
is perceived as easy, it is more likely that System 1 is
activated, leading to an effortless and intuitive processing
(cf. fluency research; Alter & Oppenheimer, 2009). If, on
the other hand, information processing is perceived as diffi-
cult, System 2 will be more likely activated, resulting in more
invested mental effort and analytic processing. In a series of
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experiments, Alter and colleagues (2007) have shown that
people engaged in more analytic and elaborative reasoning
when manipulations were introduced that led to an increase
in the perceived difficulty associated with the cognitive task.
To increase the perceived difficulty of the task without chang-
ing the objective difficulty, information was only perceptually
harder to process (i.e., disfluent), acting as a cue that guided
one’s subsequent processing style.
Applied to educational scenarios, engaging in more

analytic and elaborative rather than in heuristic and intuitive
reasoning is considered to be beneficial to learning (cf. levels
of processing; Craik & Lockhart, 1972). Making information
perceptually harder to process can be realized by text being
presented in fonts that are slightly more difficult to read (Alter
& Oppenheimer, 2009). Accordingly, Diemand-Yauman,
Oppenheimer, and Vaughan (2011) conducted two
experiments in which they showed that presenting text in
harder-to-read fonts (e.g., Haettenschweiler) or in low-quality
photocopies, respectively, led to better learning outcomes
than presenting text in easy-to-read fonts (e.g., Arial). The
authors concluded that making text perceptually harder to
process (less legible) functioned as a cue that one may not
have mastery over the material, thereby triggering a more
effortful and elaborative processing style, and thus leading
to better learning. Similar positive effects of disfluency
were recently observed by French et al. (2013), where the
authors compared recall performance of pupils across a
wide range of ability levels in classrooms after presenting
them with text in an easy-to-read (Arial) or harder-to-read
font (Monotype Corsiva).
In other research contexts (e.g., basic memory research),

results regarding the impact of disfluency are less straight-
forward. Whereas Sungkhasettee, Friedman, and Castel
(2011) found a positive effect on memory performance
from presenting words in a more disfluent way, other
studies revealed neutral effects (Song & Schwarz, 2008;
Guenther, 2012; Rhodes & Castel, 2008) or partly even a
negative effect of disfluency on memory performance (Yue,
Castel, & Bjork, 2013). These results can be interpreted in a
way that harder-to-read fonts do not necessarily foster
learning. On the other hand, one might cautiously argue that
disfluency effects might especially unfold with more complex
materials such as coherent texts in the educational context
(Diemand-Yauman et al., 2011; French et al., 2013), because
a more analytic processing mode (triggered by disfluency)
would allow understanding more complex materials on a
deeper level. Accordingly, especially measures addressing
deeper understanding (i.e., transfer) should benefit from
disfluency.
However, to our knowledge, research on disfluency in

educational contexts has been restricted to text processing
and retention. No study has yet been conducted in the con-
text of learning with multimedia, in which the processing
of pictures is crucial for achieving a deeper understanding
of the instructional material, and in which performance in a
transfer test is the measure of major interest (cf. Mayer,
2009). It is unclear which role disfluency plays when learn-
ing from text and pictures. According to disfluency theory,
one might derive that not only a disfluent text but also a
disfluent picture may function as a cue for deeper processing,

triggering a more effortful and elaborative processing style,
and thus resulting in more invested mental effort and in
deeper understanding.

In contrast, even though not explicitly stated by the
authors of CLT, one may assume that reducing the percep-
tual legibility of instructional material (i.e., making it harder
to read) would be considered an increase in ECL. Making
instructional material less legible would require processing
demands to deal with the low legibility of the instructional
format, but would not contribute to a deeper processing of
the content. Unlike research on desirable difficulties, partic-
ularly the generation effect (e.g., deWinstanley & Bjork,
2004; Maki, Foley, Kajer, Thompson, & Willert, 1990),
learners receiving a less legible text would not be forced to
actively generate new information, which would—in terms
of CLT—thus not be associated with an increase in GCL.
Because, according to CLT, cognitive resources to process
a multimedia instruction are limited but crucial to learning,
an increase in ECL (without an increase in GCL) caused
by presenting a disfluent text or picture should lead to worse
learning outcomes.

To test the contrasting predictions derived from disfluency
theory and CLT in multimedia learning, we manipulated the
legibility of text and pictures (instructional material) in the
present experiments, and investigated the impact on learning
outcomes as well as on subjective ratings of mental effort
and cognitive load. Beyond investigating the effects of
disfluent text (cf. Diemand-Yauman et al., 2011; French
et al., 2013), we tested whether disfluent pictures could also
act as a cue for deeper processing. With respect to learning
outcomes, we did not solely administer a text-based retention
test (as done in disfluency research), but also a transfer test.
This was carried out to test whether deeper processing trig-
gered by a disfluent instruction would particularly benefit
transfer performance. In addition, because the pictures were
subject to experimental manipulation of the instructional ma-
terial (at least in Experiment 1), performance on a pictorial
recall test was assessed.

According to disfluency theory, better learning outcomes
would be assumed in conditions with disfluent compared
with fluent text (and pictures) in Experiments 1 to 4.
According to CLT, better learning outcomes would be
expected in conditions with fluent compared with disfluent
text (and pictures) in Experiments 1 to 4.

EXPERIMENT 1

In this experiment, we manipulated the legibility of the text
and pictures that were used as instructional material
(Figure 1), and investigated the impact on learning outcomes
as well as on subjective ratings of mental effort and cognitive
load. Tests of retention, transfer, and pictorial recall were
used to measure learning outcomes.

Method

Participants and design
Eighty-four undergraduate students from a university in the
south-western part of Germany participated either for course
credit or payment in the study. There were 66 female and
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18male participants (M=24.23 years, SD=2.09). They were
randomly assigned to one of four conditions, which resulted
from a 2× 2-design with text legibility (legible vs. less legible)
and picture legibility (legible vs. less legible) as independent
variables. Twenty-one participants served in each condition.

Materials
The materials comprised a spatial ability test, a demographic
questionnaire, and the instructional materials. All materials
were printed on sheets of paper. To control for individual
differences in spatial abilities—which have been shown to
play an important role for this specific type of instructional
material (cf. Hegarty & Kriz, 2008)—a shortened version
of the Paper Folding Test (PFT; Ekstrom, French, &
Harman, 1976) was applied. The PFT consisted of ten items.
For each correct answer, one point was given and for each
incorrect, answer one point was subtracted, resulting in a
minimum of �10 and a maximum of 10 points.

The instructional material was adapted from a study by
Mayer, Hegarty, Mayer, and Campbell (2005, Exp. 2). It
consisted of two printed pages; the first in landscape format,
and the second in high size. The first page depicted an intro-
ductory diagram comprising a colored line drawing of a

toilet tank, in which each of the ten parts of the toilet tank
were labeled (cf. pre-training phase; Mayer, 2009). The sec-
ond page consisted of four colored key pictures on the top
depicting the mechanisms of a toilet flush and an accompa-
nying text that was placed below the pictures describing
how a toilet flush works (simultaneous presentation of text
and picture; Figure 1).
For the introductory diagram on the first page, text legibility

was manipulated by presenting text either in easier-to-read font
(Arial, 14 pt, black; legible text), or in harder-to-read font
(Haettenschweiler, 14 pt, grayscale 50%; less legible text). A
similar manipulation was successfully applied in Diemand-
Yauman et al. (2011). Picture legibility was manipulated by
presenting either a legible picture or a picture that looked like
a low-quality photocopy of the legible picture (less legible;
i.e., wavily deformed and blurred).
For the second page, text legibility was manipulated by

presenting either a legible text (Arial 14 pt, black) or a less
legible text that looked like a low-quality photocopy of the
legible text by wavily deforming and blurring the legible text
(Figure 1). Different legibility manipulations were used for
the first and the second page to rule out the possibility that
participants would adapt to the legibility manipulation after

Figure 1. Layout of the second page of the multimedia instruction in the four experimental conditions in Experiment 1. Instructional materials
were adapted from Mayer et al. (2005)
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having seen the first page.1 It is important to note that care was
taken that each letter of a word was still perceivable and had
not to be inferred so that the manipulation aimed at disfluency
and not at the generation or completion of words—even
though it may look otherwise in this reduced view of Figure 1.
The experimental manipulation of the picture was identical to
page 1. To create the less legible pictures and the less legible
text for the second page of the instructional material, the
software Adobe® Photoshop® was used.

Measures
Measures comprised subjective ratings of mental effort and
cognitive load concerning the learning phase, a knowledge
test that consisted of a retention, a transfer, and a pictorial
recall test, and items for evaluating the learning materials
(i.e., manipulation check items). All measures were assessed
in a paper-based format.
Mental effort was assessed by the item ‘How much mental

effort did you invest?’ (cf. Paas, 1992). Besides the widely
applied and more general ‘mental effort’-item, we addi-
tionally assessed subjective cognitive load ratings during
learning by one item that is supposed to measure ECL
(‘How difficult was it for you to learn with the given mate-
rial’; cf. Cierniak, Scheiter, & Gerjets, 2009). Each item
had to be rated on a seven-point Likert scale.
The retention test comprised one question (cf. Mayer

et al., 2005): ‘Describe how a toilet tank works. Imagine that
you push down on the handle of the toilet tank. Describe
step-by-step what happens to each of the other parts of the
tank as it flushes.’ The transfer test comprised four questions
(cf. Mayer et al., 2005), each on a separate piece of paper.
The four questions were: (1) ‘Suppose you push down on
the handle of the toilet tank but water does not flush into
the toilet bowl. Explain all the possible things that could be
wrong.’ (2) ‘Suppose that after flushing the toilet, you
notice that water is continuously running into the toilet
tank. Explain all the possible things that could be wrong.’
(3) ‘Suppose that after you flush the toilet, water continues
to run into the toilet bowl without stopping. Explain all of
the possible things that could be wrong.’ and (4) ‘What would
happen if the float were to break off from the float arm? What
would happen if the upper and lower disks were to stick
to each other in the siphon bell? What stops the water
from flushing out of the tank?’.
The pictorial recall test comprised three tasks. In the first

task, participants had to label the 10 different parts of the toi-
let tank in a diagram of the toilet flush. In the second and
third task, learners were given two pictures of the toilet tank
depicting two different steps in the toilet flushing process.
For the second task, the connecting rod, the upper, and the

lower disc were removed from the pictures, and learners
had to draw these elements in the correct way. For the third
task, the float, the float arm, the inlet valve, and the incoming
water were removed from the pictures and learners had to
draw these elements in the correct way.

For the scoring of the retention test, a list of 19 major idea
units developed by Hegarty, Kriz, and Cate (2003, Exp. 1)
was used. Participants received one point for each major idea
unit that they included in their answer to the retention ques-
tion, regardless of wording. For each transfer question,
there was also a list of possible correct answers. One point
was given for each correct answer to the transfer questions
and the final score of the transfer test was determined by
adding up all points given for the transfer questions
(cf. Mayer et al., 2005; Exp. 2). Similarly, for each of the
three pictorial recall tasks, a list of correct answers and
criteria concerning the correctness of the respective
drawing was produced beforehand. For each correct aspect,
participants received one point and all points were
subsumed to an overall score for pictorial recall. Each task
of a knowledge test was scored by the same rater who was
always blind to the experimental condition.

Two items were administered to check whether the
implemented manipulations had been successful, and thus
to serve as an indicator for whether text and pictures were
less legible (on a superficial level) in the disfluent compared
with the fluent conditions. One item asked for the legibility
of the text (‘I perceived the text layout as well designed’),
and one item asked for the legibility of the pictures (‘I per-
ceived the picture layout as well designed’). Each of these
items had to be rated on a seven-point Likert scale. These
items were surveyed after the knowledge test so that they
would not influence participants’ learning outcomes.

Procedure
Participants were tested in groups of two to six persons per
session. Participants were seated at desks in individual
cubicles that blocked visual contact with other participants.
First, the experimental procedure was briefly described to the
participants. Then, participants started to work on the PFT
simultaneously. PFT time was limited to 3min. Subsequently,
participants had to fill in the demographic questionnaire.

After filling in the demographic questionnaire, the
learning phase began for all participants simultaneously.
Depending on the experimental condition, different versions
of the introductory diagram sheet were handed out for 1min
and removed afterwards. Then, depending on their experi-
mental condition, participants were given the second page
of the instructional material that consisted of a simultaneous
presentation of text and pictures describing how a toilet
works (Figure 1) and were allowed 5min to study it. Even
though time was restricted, it was sufficient for learners to
have the opportunity to engage in valuable cognitive pro-
cessing and deal with the instructional material in a thorough
manner. After the learning phase had finished, students had
to rate the mental effort and cognitive load that they experi-
enced during learning once by responding to the respective
items. Thereafter, students had to work on tests of retention
(6min), then transfer (11.5min in total), and then pictorial
recall (7min in total). Learners were given 2.5min for each

1 Please note that black margins were added to the second page of the learn-
ing materials, which was due to the group testing situation. In case a partic-
ipant in a condition with disfluent text or pictures would have complained
about the bad (superficial) design of the learning materials in the group test-
ing situation, participants in the condition with fluent text and pictures might
have been surprised by the complaint, and thus might have started to wonder
whether the other participants received other materials. To prevent from
such an influence, black margins were included in all conditions so that par-
ticipants in the condition with fluent text and picture might have concluded
that the complaint goes back to the black margins, which, however, did not
influence the legibility of the text in the legible conditions.
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of the first three transfer questions, and 4min for the fourth
transfer question. For pictorial recall, learners were given
2min to work on each of the first two tasks, and 3min to
work on the third task.

Because there were time restrictions to each of the ques-
tions for retention, transfer, and pictorial recall, participants
started completing the tasks simultaneously. They were
instructed to stop writing as soon as the time to work on a
task was up (signaled by alarm clock). Participants who fin-
ished working on a task early (i.e., before time was up) were
not allowed to continue working on the next task, they had to
wait until all participants were asked to start with the next
task. Participants were not allowed to return to previous
pages to review their previous answers. After the pictorial
recall test, the items of the manipulation check were given.
Finally, students were debriefed and thanked for participa-
tion. The whole experiment lasted approximately 1 h.

Results

The analysis followed a three-step procedure. First, an analysis
of variance (ANOVA) was conducted to check whether spatial
abilities of participants were equally distributed across experi-
mental conditions. Second, to test the contrasting predictions
of disfluency theory and CLT against each other, two-factorial
analysis of covariances (ANCOVAs) with spatial ability as
covariate were conducted to assess how learning outcomes
and cognitive load were affected by the experimental manipu-
lation. Third, two-factorial ANCOVAs were performed on the
items of the manipulation check to assess whether the intended
manipulations were successfully implemented. Because spatial
abilities are known to play an important role when learning
about mechanical systems (cf. Hegarty & Kriz, 2008), it was
included as a covariate in the analyses.Means and standard de-
viations are reported in Table 1. Partial eta-squared (η2p) is
reported as a measure of effect size. For eta-squared, effect
sizes of 0.01, 0.06, and 0.14 correspond to small, medium,
and large effect sizes, respectively (Cohen, 1988).

Spatial ability
A two-factorial ANOVA with text legibility and picture
legibility as independent variables and scores in the PFT as
the dependent variable were conducted. There was neither

a main effect for text layout nor for picture layout nor an
interaction (all Fs< 1). Thus, spatial abilities were equally
distributed across participants from the four conditions.

Learning outcomes
Two-factorial ANCOVAs with text layout and picture layout
as independent variables and scores for retention, transfer,
and pictorial recall as dependent variables were conducted,
with spatial abilities as covariate. Concerning retention, a
2 × 2 ANCOVA revealed neither a main effect of text legibil-
ity, F< 1, nor of picture legibility, F(1, 79) = 1.28, p=0.26,
η2p = 0.02, nor an interaction, F< 1. Concerning transfer, in
line with disfluency theory, a 2 × 2 ANCOVA revealed a main
effect of text legibility, F(1, 79) = 5.62, p=0.02, η2p = 0.07,
with learners receiving less legible text outperforming learners
receiving legible text. There was no main effect of picture
legibility, F< 1, and no interaction, F< 1. With regard to
pictorial recall, in line with CLT, a 2 × 2 ANCOVA showed
a main effect of picture layout, F(1, 79) = 4.01, p=0.049,
η2p = 0.05, with learners receiving legible pictures outper-
forming those receiving less legible pictures. There was
no main effect of text legibility, F< 1, and no interaction,
F(1, 79) = 1.66, p = 0.20, η2p = 0.02.
Spatial abilities had an impact on retention, F(1, 79) = 8.68,

p< 0.01, η2p = 0.10, on transfer, F(1, 79) = 9.88, p< 0.01,
η2p = 0.11, and pictorial recall, F(1, 79) = 20.50, p< 0.001,
η2p = 0.21. The higher students’ spatial abilities, the better they
performed on each knowledge test.

Cognitive load
In line with disfluency theory, a 2 × 2 ANCOVA for mental ef-
fort revealed a main effect for text legibility, F(1, 79) = 4.06,
p=0.047, η2p = 0.05, with learners receiving less legible text
reporting that they invested more mental effort than learners
receiving legible text. There was no main effect for picture
legibility, F< 1, and no interaction, F< 1. In line with CLT,
a 2 × 2 ANCOVA for perceived difficulty (ECL) revealed a
main effect for picture legibility, F(1, 79) = 4.16, p=0.045,
η2p = 0.05, with learners receiving less legible pictures reporting
more difficulties than learners receiving legible pictures. There
was no main effect for text legibility, F< 1, and no interaction,
F< 1. Spatial abilities had neither an impact on mental effort,

Table 1. Means (and SD/SE) as a function of text legibility and picture legibility in Experiment 1

Text layout Legible text Less legible text

Picture layout Legible picture (n= 21) Less legible picture (n= 21) Legible picture (n= 21) Less legible picture (n= 21)

Spatial abilities 4.10 (3.70) 5.05 (3.49) 4.62 (4.57) 4.29 (4.20)
Learning outcomesa

Retention 11.35 (0.68) 11.10 (0.68) 11.50 (0.68) 10.20 (0.68)
Transfer 10.19 (0.71) 9.99 (0.71) 11.59 (0.71) 11.97 (0.71)
Pictorial recall 19.80 (0.76) 17.29 (0.77) 18.62 (0.76) 18.08 (0.76)
Cognitive loada

Mental effort 5.22 (0.25) 5.07 (0.25) 5.72 (0.25) 5.56 (0.25)
ECL 2.50 (0.31) 2.89 (0.31) 2.38 (0.31) 3.27 (0.31)
Manipulation checka

Text design 4.53 (0.37) 3.10 (0.37) 2.77 (0.37) 3.07 (0.37)
Picture design 5.22 (0.34) 3.73 (0.34) 5.18 (0.34) 4.20 (0.34)

ECL, extraneous cognitive load.
aMeans and standard errors are corrected for the influence of spatial abilities.
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F(1, 79) = 1.68, p=0.20, η2p = 0.02, nor on perceived difficulty,
F(1, 79) = 2.34, p=0.13, η2p = 0.03.

Manipulation check
Two-factorial ANCOVAs with the two manipulation check
items as dependent variables and spatial abilities as covariate
were conducted. Concerning the item referring to the legi-
bility of text, the ANCOVA revealed a main effect of text
legibility, F(1, 79) = 5.93, p = 0.02, η2p = 0.07, with learners
receiving legible text perceiving the layout as being better
designed than learners receiving less legible text. There
was no main effect of picture legibility, F(1, 79) = 2.35,
p= 0.13, η2p = 0.03. Moreover, a significant interaction was
observed, F(1, 79) = 5.47, p = 0.02, η2p = 0.07. For the legible
pictures conditions, learners receiving legible text perceived
the layout of the text as being better designed than learners
receiving less legible text (p< 0.01). For the less legible
picture conditions, there were no differences between
learners receiving legible or less legible text (p> 0.20).
For the item asking for the legibility of the picture, a

2 × 2 ANCOVA revealed a main effect of picture legibility,
F(1, 79) = 13.49, p< 0.001, η2p = 0.15, with learners receiv-
ing legible pictures finding the layout better designed than
learners receiving less legible pictures. There was no main
effect of text legibility, F< 1, and no interaction, F< 1.
Spatial abilities had no impact on the item referring to pic-
ture layout, F(1, 79) = 2.01, p = 0.16, η2p = 0.03, but a signif-
icant effect on the item for text layout, F(1, 79) = 5.06,
p = 0.03, η2p = 0.06. The higher students’ spatial abilities,
the less well designed they perceived the text layout.

Discussion

The manipulation check item revealed that less legible text
was perceived as being less well designed. In line with
disfluency theory (cf. Alter et al., 2007), results of this exper-
iment showed that a less legible text layout led to more
mental effort and to a better understanding (as measured by
the transfer test). However, learners did not find it more
difficult to learn with the less legible text, even though one
might derive from disfluency theory that an increase in
perceived difficulty should trigger deeper processing and
hence foster understanding. This issue will be subject to
the general discussion. The manipulation check item for less
legible pictures showed that less legible pictures were
perceived as being less well designed. Designing pictures
in a disfluent way, however, did not lead to better under-
standing (as measured by the retention and transfer test).
By contrast, and in line with CLT, less legible pictures led
to a higher perceived difficulty of the instructional material
as well as to lower performance in the pictorial recall test
than legible pictures. In conclusion, making pictures
disfluent in this experiment might have not functioned as a
cue for deeper processing, which in turn should have led to
better learning according to disfluency theory. Thus, in
Experiment 2, we refrained from manipulating the fluency
of pictures. Instead, we concentrated on investigating bene-
ficial effects from making text less legible. In particular, we
tried to distinguish whether beneficial effects in Experiment
1 were mainly because of a deeper processing of text or

additionally because of a more frequent and more intense
processing of the pictures (triggered by less legible text),
which could be assumed because a more thorough process-
ing of pictures has been shown to foster learning outcomes
(e.g., Eitel, Scheiter, & Schüler, 2013).

Therefore, in Experiment 2, besides manipulating the leg-
ibility of text, we additionally varied whether pictures were
added to text or not. Another reason for why conditions
without pictures were included was the fact that they resem-
ble more closely to the experimental conditions reported in
prior studies on the disfluency effect (Diemand-Yauman
et al., 2011; French et al., 2013).

EXPERIMENT 2

As in Experiment 1, we manipulated the legibility of the
text, and investigated the impact on learning outcomes as
well as on subjective ratings of mental effort and cognitive
load. In addition, we investigated how effects from mani-
pulating the text legibility will be affected when no pictures
are presented in multimedia instructional material (cf.
Diemand-Yauman et al., 2011; French et al., 2013).

Method

Participants and design
Eighty-five undergraduate students from a university in the
south-western part of Germany participated either for
course credit or payment in the study. There were 70 female
and 15 male participants (M = 22.32 years, SD = 2.67). They
were randomly assigned to one of four conditions, which
resulted from a 2 × 2 design with text legibility (legible
vs. less legible) and multimedia (text and picture vs. text
only) as independent variables. Three conditions comprised
21 participants, whereas in one condition (less legible text;
text only), there were 22 participants.

Materials
The materials were identical to Experiment 1 with the excep-
tion of the introductory diagram (pre-training phase) as well
as partially the learning materials, which will be explicated
in the following.

Because there were text-only conditions, a text was
created for the pre-training phase that described the spatial
relations of the elements of the introductory diagram (i.e.,
introductory text). Participants in the text-only conditions
saw just the introductory text to familiarize themselves with
the components of the to-be-learned system (toilet flush)
without having access to a diagram. For the text and picture
conditions, as in Experiment 1, learners received the intro-
ductory diagram. However, unlike in Experiment 1, the
introductory text was additionally given below the labeled
diagram. The experimental manipulation of the legibility of
the labels in the introductory diagram was identical to
Experiment 1. The legibility of the additional text of page
1 was manipulated by presenting text (Arial, 11 pt, black)
either in an unaltered fashion (i.e., legible text) or wavily
deformed and blurred (i.e., less legible text). The font size
of Arial 11 pt was used so that text and introductory diagram
fitted on one page.
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As in Experiment 1, in conditions with text and pictures,
the second page consisted of four colored key pictures on
the top depicting the mechanisms of a toilet flush and an
accompanying text that was placed below the pictures
describing how a toilet flush works. The four key pictures
were presented in a legible way (as in legible picture condi-
tions of Experiment 1; see Figure 1, upper row). In the text-
only conditions, the colored pictures were removed. The
position of the text on the page was identical to the condi-
tions with text and pictures—only the headline was moved
down. The manipulation of the text legibility was the same
as in Experiment 1.

Measures
The measures were identical to those used in Experiment 1
with the exception that there was only one manipulation check
item asking for the design of the text layout (manipulation
check item for picture layout was removed).

Procedure
The procedure was identical to that of Experiment 1 with the
exception that participants were given 3min (instead of
1min) to study the introductory diagram and the introduc-
tory text in the pre-training phase, because more information
(by including text) was given compared with the pre-training
phase in Experiment 1. The whole experiment lasted approx-
imately 1 h.

Results

The analysis followed the same procedure as in Experiment 1.
Means and standard deviations are reported in Table 2.

Spatial ability
To control for whether spatial abilities were equally distrib-
uted across participants from the four conditions, a two-
factorial ANOVA with text legibility and multimedia as
independent variables and scores in the PFT as the depen-
dent variable were conducted. There was neither a main
effect for text layout nor for picture layout nor an interaction
(all Fs< 1).

Learning outcomes
Two-factorial ANCOVAs with text layout (legible vs. less
legible) and multimedia (text and picture vs. text only) as
independent variables and scores for retention, transfer, and pic-
torial recall as dependent variables were conducted with spatial
abilities as covariate. Concerning retention, a 2× 2-ANCOVA
revealed neither a main effect of text legibility, F< 1, nor
of multimedia, F(1, 80) = 1.03, p = 0.31, η2p = 0.01, nor an in-
teraction, F< 1. With regard to transfer, a 2 × 2ANCOVA
revealed neither a main effect of text legibility, F< 1, nor
of multimedia, F(1, 80) = 2.08, p = 0.15, η2p = 0.03, nor an in-
teraction, F(1, 80) = 1.34, p = 0.25, η2p = 0.02. Concerning
pictorial recall, a 2 × 2 ANCOVA showed a significant main
effect of multimedia, F(1, 80) = 18.75, p< 0.001, η2p = 0.19,
with learners receiving text and pictures outperforming
learners receiving text only. There was no main effect of text
legibility, F< 1, and no interaction, F< 1.
Spatial abilities had an impact on retention, F(1, 80) = 8.69,

p< 0.01, η2p = 0.10, on transfer, F(1, 80) = 7.96, p< 0.01, η2p =
0.09, and on scores in the pictorial recall test, F(1, 80) = 14.04,
p< 0.001, η2p = 0.15. The higher students’ spatial abilities, the
better they performed on each knowledge test.

Cognitive load
Concerning the mental effort item, a 2 × 2 ANCOVA re-
vealed no main effects for text legibility and multimedia, and
no interaction (all Fs< 1). With respect to the difficulty-item
(ECL), a 2 × 2-ANCOVA revealed a main effect for multime-
dia, F(1, 80) = 18.08, p< 0.001, η2p = 0.18, with learners re-
ceiving just text reporting more difficulties than learners
receiving text and pictures. There was no main effect for text
legibility, F< 1, and no interaction, F(1, 80) = 1.44, p=0.23,
η2p = 0.02. Spatial abilities had no impact on mental effort,
F(1, 80) = 1.19, p=0.28, η2p = 0.02 as well as no impact on
perceived difficulty, F< 1.

Manipulation check
Two-factorial ANCOVAs with the manipulation check item
as dependent variable and spatial abilities as covariate were
conducted. Results revealed a significant main effect of
multimedia, F(1, 80) = 60.11, p< 0.001, η2p = 0.43, with par-
ticipants in the conditions with text and pictures judging the
text to better designed than participants in the conditions
with text only. Moreover, there was a significant main effect

Table 2. Means (and SD/SE) as a function of text legibility and multimedia in Experiment 2

Text layout Legible text Less legible text

Multimedia Text and pictures (n= 21) Text only (n= 21) Text and pictures (n= 21) Text only (n= 22)

Spatial abilities 5.24 (3.94) 5.05 (3.04) 5.48 (3.06) 6.05 (3.65)
Learning outcomesa

Retention 9.83 (0.70) 9.46 (0.70) 9.95 (0.70) 8.91 (0.68)
Transfer 10.44 (0.66) 8.73 (0.66) 9.61 (0.66) 9.43 (0.65)
Pictorial recall 18.89 (0.82) 15.47 (0.83) 18.75 (0.82) 15.07 (0.81)
Cognitive loada

Mental effort 5.58 (0.28) 5.40 (0.28) 5.38 (0.28) 5.43 (0.28)
ECL 3.48 (0.32) 4.44 (0.32) 3.10 (0.32) 4.80 (0.31)
Manipulation checka

Text design 4.81 (0.32) 2.67 (0.32) 4.38 (0.32) 1.59 (0.31)

ECL, extraneous cognitive load.
aMeans and standard errors are corrected for the influence of spatial abilities.
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of text legibility, F(1, 80) = 5.62, p = 0.02, η2p = 0.07, with
learners in the less legible condition perceiving the text
as less well designed. There was no significant interac-
tion, F(1, 80) = 1.05, p=0.31, η2p = 0.01. Spatial abilities had
no impact on the manipulation check item, F< 1.

Discussion

Eliminating pictures from the instructional material led to a
higher amount of perceived difficulty and to worse perfor-
mance on the pictorial recall test, indicating that the text
alone was not sufficient for constructing an adequate picto-
rial model of a toilet flush. Somewhat surprising, this had
no significant impact on retention and transfer performance,
which might have been due to the harmful redundancy of
text and pictures in the pre-training phase (e.g., Schmidt-
Weigand & Scheiter, 2011). More interesting concerning
the scope of the present paper is that regardless of whether
pictures were presented in addition or not, making text
disfluent had no impact on the perceived difficulty, and did
neither lead to more invested mental effort nor to better
learning outcomes (retention, transfer, or pictorial tests)
compared with a fluent text version. Thus, the effects from
Experiment 1 could not be replicated, even though partially
the same learning material—specifically legible pictures
and text—was used in these two experiments; just not the
same pre-training phase. Hence, this inconsistent finding
might have been due to the longer pre-training phase in
Experiment 2 (3min) than in Experiment 1 (1min). Because
of the highly redundant information between introductory
text and introductory diagram in Experiment 2, especially
participants receiving less legible text might have realized that
the effort in reading the disfluent font might not be worthwhile
(i.e., inspecting introductory diagram is sufficient). To exam-
ine this possible explanation of inconsistent results between
Experiments 1 and 2, Experiment 3 was conducted.

EXPERIMENT 3

In this experiment, we investigated whether the discrepant
findings between Experiments 1 and 2 could be traced
back to the differences in the pre-training phases. As in
Experiments 1 and 2, we manipulated the legibility of the
text that was accompanied by legible pictures and investigated
the impact on learning outcomes as well as on subjective
ratings of mental effort and cognitive load.

Method

Participants and design
Ninety-three undergraduate students from a university in the
south-western part of Germany participated either for course
credit or payment in Experiment 3. Because of problems in
the procedure, the incomplete data of one participant had to
be removed. Of the remaining 92 participants, 62 were
female and 30 were male (M = 24.45 years, SD= 3.85). They
were randomly assigned to one of four conditions, which
resulted from a 2 × 2 design with text legibility (legible vs.
less legible) and pre-training phase (short vs. long) as inde-
pendent variables.

Materials
The materials were identical to parts of Experiment 1 (i.e.,
conditions with legible pictures) and parts of Experiment 2
(i.e., conditions with pictures). For the pre-training phase,
the introductory diagram contained labels and was either
shown without text, as in Experiment 1, or with the introduc-
tory text as in Experiment 2. The labels of the introductory
diagram both in the short and in the long pre-training phase
were subject to the same legibility manipulation as in
Experiment 1 and 2, whereas the text below the introductory
diagram in the long pre-training phase was subject to the
same legibility manipulation as in Experiment 2. The exper-
imental manipulation of the text layout for the second page
was identical to the two conditions with legible pictures in
Experiment 1 as well as to the two conditions with pictures
in Experiment 2 (cf. Figure 1, upper row).

Measures
The measures were identical to those used in Experiment 2.

Procedure
The procedure was identical to that of Experiment 1 and 2,
with the exception that depending on the condition partici-
pants were given 1min (short pre-training) versus 3min
(long pre-training) to study the introductory diagram sheet
before it was removed by the experimenter. Therefore, only
participants in conditions with either short (1min) or long
(3min) study time for the introductory diagram were tested
in the same group (of two to six persons per session). There-
after, the second page was handed out for 5min irrespective
of the conditions participants were assigned to, followed by
the cognitive load and mental effort items, the knowledge
tests, and the manipulation check item. The whole experi-
ment lasted approximately 1 h.

Results

The analysis followed the same procedure as Experiment 2.
Means and standard deviations are reported in Table 3.

Spatial ability
To control for whether spatial abilities were equally
distributed across participants from the four conditions, a
two-factorial ANOVA with text legibility and pre-training
phase as independent variables and scores in the PFT as
the dependent variable were conducted. There were no statis-
tical differences: neither for text layout, F< 1, nor for the
pre-training phase, F(1, 88) = 1.17, p = 0.28, η2p = 0.01, nor
for an interaction, F< 1.

Learning outcomes
Two-factorial ANCOVAs with text layout and pre-training
phase as independent variables and scores for retention, trans-
fer, and pictorial recall as dependent variables were conducted,
with spatial abilities as covariate. Concerning retention, a 2 × 2
ANCOVA revealed neither a main effect of text legibility, nor
of pre-training phase, nor an interaction (all Fs< 1).
Concerning transfer, a 2 × 2 ANCOVA revealed no significant
main effects of text legibility, F(1, 87) = 2.21, p=0.14,
η2p = 0.03, or pre-training phase, F< 1, and no interaction
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F< 1. With regard to pictorial recall, a 2 × 2 ANCOVA
showed no main effect of text legibility, F(1, 87) = 1.39,
p=0.24, η2p = 0.02, and no main effect of pre-training phase,
F< 1, as well as no significant interaction, F(1, 87) = 2.46,
p=0.12, η2p = 0.03. Spatial abilities had an impact on retention,
F(1, 87) = 10.58, p< 0.01, η2p = 0.11, on transfer, F(1, 87) =
11.34, p=0.001, η2p = 0.12 and on pictorial recall, F(1, 87) =
25.43, p< 0.001, η2p = 0.23. The higher students’ spatial abili-
ties, the better they performed on each knowledge test.

Cognitive load
Concerning the mental effort item, a 2 × 2 ANCOVA
revealed neither a significant effect of pre-training phase,
F(1, 87) = 2.26, p = 0.14, η2p = 0.03, nor of text legibility,
F< 1, nor an interaction F< 1. Similarly, there were no
significant effects observable for the difficulty-item:
Neither for text legibility, F(1, 87) = 1.02, p=0.31,
η2p = 0.01, nor for pre-training phase, F< 1, nor for an inter-
action, F< 1. Spatial abilities had no impact on mental
effort, F< 1, but a marginal significant effect on perceived
difficulty, F(1, 87) = 3.50, p=0.07, η2p = 0.04. The higher
students’ spatial abilities, the less difficult they perceived
the instruction material.

Manipulation check
Two-factorial ANCOVAs with the manipulation check item
as dependent variable and spatial abilities as covariate were
conducted. The results revealed no significant effect for
pre-training phase, F< 1, but a significant effect of text
legibility, F(1, 87) = 5.69, p= 0.02, η2p = 0.06, with learners
in the less legible condition perceiving the text as less well
designed. Moreover, there was a significant interaction be-
tween text legibility and pre-training phase, F(1, 87) = 3.93,
p = 0.05, η2p = 0.04. Pairwise comparisons revealed that
although for the short pre-training phase text legibility had
no impact on the item that referred to the design of the text
layout (p = 0.76), text legibility had a significant impact on
the item that referred to the design of the text layout for the
long pre-training phase (p< 0.01), with learners in the less
legible text version perceiving the text layout as worse
designed than their counterparts in the legible text version.
Spatial abilities had no impact on the manipulation check
item, F(1, 87) = 2.17, p = 0.14, η2p = 0.02.

Discussion

The manipulation check item again revealed that the text
layout was perceived as less well designed in the less legible
text conditions. However, once again, this had no impact on
the perceived difficulty to learn with the material. Furthermore,
other than in Experiment 1, but in line with Experiment 2, a
less legible text (i.e., disfluent) did not trigger participants to
invest more mental effort, and connected with this, did not lead
to a better understanding. Thus, the disfluency effect (for
transfer) as found in Experiment 1 could not be replicated in
Experiments 2 and 3, which used the same instructional
materials and mostly the same manipulation. Nonetheless,
even though we used established multimedia learning mate-
rials (i.e. how a toilet flush works; cf. Mayer et al., 2005),
one may construe reasons for why the toilet flush materials
might not be best suited to examine the impact of disfluency.
Therefore, in Experiment 4 of the present research, we
switched the materials. In Experiment 4, we used another
material that has often been used in studies conducted in the
context of multimedia learning; that is, ‘how lightning
develops’ (cf. Mayer, 2009).

EXPERIMENT 4

As in previous experiments, we manipulated the legibility of
the text, and investigated the impact on learning outcomes as
well as on subjective ratings of mental effort and cognitive load.

Method

Participants and design
Forty-seven undergraduate students from a university in the
south-western part of Germany participated for payment in
the study. There were 36 female and 11 male participants
(M = 22.15 years, SD = 4.30). They were randomly assigned
to the condition with legible text (i.e., fluent) or less legible
text (i.e., disfluent). Twenty-two participants served in the
disfluent text condition and 25 participants served in the
fluent text condition.

Materials
The materials comprised a demographic questionnaire, a test
for assessing visual working memory (VWM) capacity and

Table 3. Means (and SD/SE) as a function of text legibility and pre-training phase in Experiment 3

Text layout Legible text Less legible text

Pre-training phase Short (n= 24) Long (n= 21) Short (n= 25) Long (n= 22)

Spatial abilities 3.79 (4.20) 5.14 (2.94) 3.44 (3.81) 3.86 (4.54)
Learning outcomesa

Retention 10.03 (0.68) 10.15 (0.74) 9.61 (0.67) 9.96 (0.71)
Transfer 10.02 (0.58) 10.71 (0.63) 9.51 (0.57) 9.45 (0.60)
Pictorial recall 17.74 (0.72) 19.63 (0.78) 18.02 (0.71) 17.60 (0.75)
Cognitive loada

Mental effort 5.08 (0.26) 5.75 (0.29) 5.30 (0.26) 5.45 (0.28)
ECL 2.69 (0.26) 2.69 (0.28) 2.80 (0.26) 3.13 (0.27)
Manipulation checka

Text design 4.07 (0.35) 4.51 (0.38) 3.92 (0.34) 2.94 (0.36)

ECL, extraneous cognitive load.
aMeans and standard errors are corrected for the influence of spatial abilities.
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the instructional materials. VWM capacity was assessed,
because it may influence effects of manipulating superficial
text features (i.e., disfluency manipulations). To assess VWM
capacity, an adapted computerized form of the Visual Patterns
Test (VPT) was applied (Della Sala, Gray, Baddeley, &
Wilson, 1997). At this, 30 items consisting of grids of black
and white squares were presented in increasing complexity
for 3 s on a computer. Participants received a response sheet
that contained empty grids for each presented item. After hav-
ing seen a grid with black and white squares on the computer,
participants had to mark on their response sheet where the
respective black squares had been. Thereafter, the next item
was presented. The total score of the VPT was calculated by
summing up the number of correctly solved items, resulting
in a minimum of 0 and a maximum of 30 points.
The instructional material was about how lightning

develops and was adapted from Mayer (2009). It consisted
of eight key pictures about the formation of lightning that
were distributed on two printed pages in high size (four
key pictures on each page). The corresponding text to each
of the eight key pictures was presented below each picture
(see Figure 2). As in the study by Diemand-Yauman et al.
(2011), a harder-to-read font (Haettenschweiler, 10pt, italic, grayscale
35% ) was used to make text less legible (i.e., disfluent) com-
pared with a legible text, which was printed in an easier-to-
read font (Arial, 10pt, black). Care was taken that the line
breaks on the printed pages were the same for the two text
versions. Wording of the text and the accompanying pictures
were identical for both conditions.

Measures
Measures comprised subjective ratings of mental effort and
cognitive load concerning the learning phase, a knowledge test

consisting of a retention, a transfer, and a pictorial recall test,
and items for evaluating the learning materials (i.e., manipula-
tion check items). All measures were assessed in a paper-based
format. The mental effort and perceived difficulty items as well
as the manipulation check item concerning the design of the
text layout were the same as in Experiments 1 to 3.

The retention test comprised one question (cf. Mayer,
2009): ‘Write down everything you know about the forma-
tion of lightning. Please be as accurate as possible and use
the knowledge you acquired during the learning phase’.
Participants received one point for each of 20 major idea
units that they included in their answer to the retention ques-
tion, regardless of wording.

The transfer test comprised four questions, each on a separate
piece of paper (cf. Mayer, 2009). The four questions were the
following: (1) ‘What could be done to decrease the intensity
of a lightning storm?’ (2) ‘Suppose you see clouds in the sky,
but no lightning. Why not?’ (3) ‘What does air temperature
have to do with lightning?’ and (4) ‘What causes lightning?’
One point was given for each correct answer to the transfer
questions and the final score of the transfer test was determined
by adding up all points given for the transfer questions.

The pictorial recall test consisted of five test items (cf.
Schmidt-Weigand & Scheiter, 2011). For each item, learners
had to draw the most relevant aspects in the formation of
lightning. Answers had to be given on five sheets containing
a simplified background scene. One point was given for each
element (e.g., positively charged particle) that was appropri-
ately drawn.

Procedure
The procedure was identical to that of Experiments 1 to 3,
with the exceptions that participants did not receive the

Figure 2. Layout of the multimedia instruction (first of two pages) in the two experimental conditions in Experiment 4. Instructional materials
were adapted from Mayer (2009)
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PFT, that participants had only 3min for the learning phase,
3min for each of the transfer tasks and 8min for the pictorial
test, and that they had to complete the VPT after working on
the knowledge tests.

Results

The means and standard deviations for the two groups are
reported in Table 4. Separate t-tests for independent means
were conducted for all variables listed in Table 4. Cohen’s d
is reported as a measure of effect size, with d=0.2 indicating
a small effect, d=0.5 a medium effect, and d=0.8 a large
effect, respectively (Cohen, 1988). First, it was examined
whether participants differed between the two conditions with
respect to VWM capacity. The t-tests for independent means
showed no differences between students in the fluent and
disfluent conditions, t(41.12) =�1.13, p=0.28, d=�0.28.

Learning outcomes
Separate t-tests for independent means for the scores in the
retention, transfer, and pictorial recall test were conducted
between the fluent and disfluent condition. No statistical
significant differences were observable: Neither for retention,
t(45) = 0.01, p=0.99, d=0.003, nor for transfer, t(45) = 0.14,
p=0.89, d=0.04, nor for the pictorial recall test, t(45) =
0.732, p=0.47, d=0.22, indicating that the manipulation of
text legibility had no impact on learning outcomes.

Cognitive load
Separate t-tests for independent means for the mental effort
item and the difficulty item were conducted between the fluent
and disfluent condition. No statistical significant differences
were observable: neither for mental effort, t(45) = 0.57,
p=0.57, d=0.17, nor for difficulty, t(45) =�1.17, p=0.25,
d=�0.35, indicating that the manipulation of text legibility
had no impact on subjective experienced cognitive load.

Manipulation check
To check whether the text layout in the less legible condition
was perceived as being less well designed compared with the
legible text condition, a t-test for independent means was
conducted for the manipulation check item. Results revealed
no statistical significant differences between the fluent and
disfluent condition, t(45) = 1.09, p = 0.28, d= 0.33.

Discussion

Both experimental groups (in fluent and disfluent condition)
scored similar on each of the learning outcome measures in
Experiment 4 (i.e., retention, transfer, pictorial recall), and
reported the same amount of mental effort and perceived
difficulty. Hence, as in Experiments 2 and 3, there was no
disfluency effect, which weakens the argument that the lack
of an effect can be traced back to the unique characteristics
of the toilet flush materials. One may counter that for
Experiment 4, the manipulation check item did not reveal
differences between the two conditions. However, the
disfluency manipulation (i.e., Arial vs. Haettenschweiler) was
very similar to the reported manipulations of the study by
Diemand-Yauman et al. (2011), who in turn reported
differences in learning outcomes. Moreover, by using this
relatively subtle manipulation, the objection of using a too
strong manipulation in Experiments 1–3 can be repelled.

GENERAL DISCUSSION

In the present experiments, we investigated the role of
disfluency in multimedia learning with respect to learning
outcomes and cognitive load. According to disfluency theory
(Alter & Oppenheimer, 2009), a less legible text should have
led to a deeper processing of the instructional material,
resulting in better learning outcomes (especially regarding
transfer performance). Against the backdrop of CLT
(Sweller et al., 2011), learners would have needed cognitive
resources to deal with the low legibility format of instruction
(i.e., text and pictures) that was extraneous to the instruc-
tional contents. This would mean an increase in ECL, being
detrimental to the learning success.
In line with disfluency theory, students learning with a

disfluent text invested more mental effort and had better
transfer scores than students learning with a fluent text in
Experiment 1. These results suggest that making text
harder-to-read on a perceptual level might have acted as
a cue for participants to process materials more deeply,
in turn leading to better comprehension of the instructional
contents. In Experiments 2, 3, and 4, however, making text
harder-to-read on a perceptual level did not have beneficial
effects on self-reported mental effort, retention, and trans-
fer performance. In contrast, descriptively, results from
Experiments 2, 3, and 4 went in the opposite direction
(Figure 3). Making text disfluent tended to hamper learn-
ing outcomes (retention, transfer, and pictorial recall) com-
pared with a legible text. This was true even though in the
first three experiments we did basically the same; namely,
the same instructional materials were presented with the
same disfluency manipulations to participants that were
taken from the same pool of subjects (i.e., undergraduate
students).
Therefore, a Bayesian analysis (cf. Masson, 2011) was

conducted for conditions with legible versus less legible text
across all four experiments to test whether there was an
overall effect of disfluent text on learning outcomes. This
analysis revealed that the conditional probabilities for the
null hypothesis being true given the present data were 0.93,
0.93, and 0.94 for retention, transfer, and pictorial recall,

Table 4. Means (and SD) as a function of text legibility in Experi-
ment 4

Legible text
(fluent) (n= 25)

Less legible text
(disfluent) (n= 22)

Visual patterns test 22.20 (4.45) 23.41 (2.82)
Learning outcomes
Retention 8.24 (3.68) 8.23 (3.77)
Transfer 2.76 (1.85) 2.68 (1.89)
Pictorial recall 7.44 (3.03) 6.77 (3.22)
Cognitive load
Mental effort 5.56 (0.87) 5.41 (0.96)
ECL 3.12 (1.39) 3.59 (1.37)
Manipulation check 4.32 (1.44) 3.86 (1.42)

ECL, extraneous cognitive load.
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respectively (Table 5).2 Thus, given the present data,
making text disfluent is unlikely to having produced reliable
differences on learning outcomes in the present experiments
(below 10% likelihood for all outcome measures). This
shows that introducing perceptual difficulties was not
desirable for learning. Moreover, across the four, experiments
perceived, difficulty was not correlated with self-reported
mental effort (r=0.06, p=0.27) and negatively correlated with
all learning outcome measures (r =�0.20 to r =�0.35, all
ps< 0.001). Furthermore, mental effort was not associated
with any of the learning outcome measures (r< 0.01 to
r=0.08, all ps> 0.15) across the four experiments. Hence,
neither did a less legible text lead to an increase in perceived
difficulty, nor did an increase in perceived difficulty result in
more invested mental effort or a better understanding, thereby
not supporting assumptions made by disfluency theory in
educational settings. Besides, the missing effects of disfluency
are unlikely to be traced back to a too weak manipulation,
because the items of the manipulation check revealed that
disfluent text was perceived as being less well designed (i.e.,
less legible on a superficial level) than fluent/regular text.
Moreover, the non-significant results obtained in Experiment
4 suggest that missing effects of disfluency were not bound
to the specific instructional material of the toilet flush and that
also a more subtle disfluency manipulation did not lead to
better learning outcomes. Nevertheless, it should be noted
that the manipulation check items solely asked about the
design of the text layout to clarify whether the differences
in text layouts (fluent vs. disfluent) were noticeable. Thus,
in future studies it might be worthwhile to ask more directly
about the (subjective) legibility in conditions with fluent and
disfluent text.
Following CLT, in Experiment 1, students reported higher

ECL when learning with less legible pictures, leading to
worse pictorial recall. Making text less legible, by contrast,
had no (significant) detrimental impact on cognitive load and
on learning outcomes when considering all four experiments.

Thus, the present results suggest that although making pictures
disfluent is an undesirable difficulty (possibly making it harder
to extract relevant information), making text less legible does
not negatively affect cognitive load by an increase in ECL.
One may argue that in a more restricted view of CLT, ECL
is mainly caused by a bad instructional design that forces
learners to hold a representation in working memory while
matching it with another external representation (e.g., as in
the split-attention effect; cf. Ayres & Sweller, 2005), thereby
increasing cognitive load. By taking such a more restricted per-
spective of CLT, it might be subject to discussion whether
CLT would actually predict negative effects from introduc-
ing perceptual difficulties in text by manipulating the text’s
visual appearance. Making text less legible in the present
experiment may have led to a more intense perceptual
processing of single words and sentences. Thus, learners
may have experienced a higher perceptual load through a
less legible text layout (cf. Lavie, 1995) while their cogni-
tive load remained unaffected.

Potential boundary conditions of the disfluency effect

Given the inconsistent results from making text disfluent in
the present experiments, one might argue with statistical
artifacts or chance, respectively. On the one hand, the positive
disfluency effect for transfer performance in Experiment 1 of
the present research (and from other published experiments
like from Diemand-Yauman et al., 2011 or French et al.,
2013) might have been due to a Type I error (alpha-error).
On the other hand, not finding beneficial effects of disfluency
in the other three experiments (see also Carpenter, Wilford,
Kornell, & Mullaney, 2013; Yue et al., 2013) might have been
due to a Type II error (beta-error)—even though particularly
the Type II error is quite unlikely, because the descriptive
results of Experiments 2, 3, and 4 of the present research were
in disadvantage of disfluent text.

More interestingly is the notional explanation that dis-
fluency may be beneficial only for certain learner characteris-
tics that we did not assess in the current experiments and that
these learner characteristics were more accentuated in the
study sample of the first experiment compared with the study
sample of the other three experiments. This may explain why
disfluency acted as a cue to invest more mental effort and thus
to result in better transfer performance only in Experiment 1.
Moreover, this may explain why participants in the disfluent
text conditions in Experiment 1 had better performance in the
transfer test than participants in the disfluent text conditions
in Experiments 2 and 3, whereas for the fluent text conditions,
participants did not differ between Experiments 1 to 3 with re-
spect to transfer performance. One might interpret these results
in a way that participants in Experiment 1 differed from partic-
ipants in Experiment 2 and 3 with respect to learner character-
istics that we did not assess, but which were important regard-
ing the disfluency effect. However, participants in all four
experiments were students from the same university, and we
assessed typical learner characteristics such as spatial abilities,
age, and gender. Participants were comparable regarding these
characteristics, which is why this cannot explain the inconsis-
tent data between the present experiments. This may call for
further experiments with more emphasis on learner

2 Similar results were obtained when including only the first three experi-
ments in the analysis. Please contact the corresponding author for more de-
tails concerning the Bayesian analysis of the present data.

Figure 3. Differences between conditions with less legible (disfluent)
versus legible (fluent) text for the three learning outcome measures
across all four experiments. For Experiments 1 to 3, learning out-
comes corrected for the influence of spatial abilities are reported
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characteristics (e.g., prior knowledge levels or learning styles)
when learning with disfluent material.

Another factor that possibly influences the impact of
disfluency on the learning success is the explicit learning
instruction. In the study of French et al. (2013), pupils did
not know that they were tested afterwards, and we do not know
what the exact instructions were in the studies of Diemand-
Yauman et al. (2011). In our studies, however, learners were
told that they should learn the materials in preparation for a test
(cf. Szpunar, McDermott, & Roediger, 2007). Thus, learners
might have not been endangered to process the materials
superficially, even in the case of a fluent font. As a result, the
impact of the disfluency manipulation to act as a cue for a
deeper processing of the materials might have been weakened.

Irrespective of these theoretical explanations, the results of
the current studies do not support the assumption that disfluency
is especially beneficial when learning with more complex
materials in educational contexts.When taking only results from
Experiment 1 into account, one might have drawn the (faulty)
conclusion that making text harder-to-read is beneficial to
learning with text and pictures. This conclusion is unlikely to
be drawn when considering results from all four of the present
experiments (cf. Figure 3). Therefore, the present pattern of
results illustrates why replications are important to psychologi-
cal science (see Pashler & Wagenmakers, 2012 for a special
issue on replicability), and thus it is important to report these
results. It is crucial to inform other researchers that there is no
strong evidence in favor of disfluency within the educational
context. Rather, the present results do not offer support for using
hard-to-read fonts as a device for improving learning from text
(and pictures). In this regard, we can report anecdotally that
we were in exchange with other researchers who recently
conducted disfluency studies, and whose results were rarely in
favor of making text disfluent. Thus, publishing the present
results might help preventing from (or attenuate) a possible
publication bias regarding effects of disfluency on educational
outcomes. Otherwise, in the worst case, based on published
studies in the field of educational psychology, one might recom-
mend to make instructional material hard-to-read, which would
not stand on solid empirical grounds if the unpublished studies
were taken in account. In consequence, in our opinion, any
recommendation for educational practice is not (yet) justified
by empirical data regarding the disfluency effect.
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