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New studies indicate that incorporating planned difficulties such as unusual font styles in study material
forces students to focus and concentrate more. In our experiment 155 students under different instructors

learn a core topic in operations management in an active learning environment. One group of students in
each class used a standard version of the study materials while two other groups used a modified version
incorporating an unusual (difficult-to-read) font or planned mistakes. Students with the unusual font materials
scored highest on a post-workshop comprehension test. Students who had workshop materials with pedagogical
mistakes scored second followed by students in the control group. Further, it was observed that students in the
control group deceived themselves with respect to sense of material mastery.

Keywords : active learning; teaching operations management; incorporating planned difficulties; self-deception;
T -tests; chi-square tests
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1. Introduction
New learning tools and techniques, which have the
potential to enhance the educational experience of
the learner, continue to be of particular interest to
researchers (Lee (2007), Barak et al. (2006), Hansen
(2006), Raelin and Coghlan (2006)). In the quest for
enhanced active learning methods, not all are uni-
versally effective (Weltman and Whiteside (2010)).
University students expect, and in some cases, even
demand a more experiential learning environment
in core business courses (Auster and Wiley (2006)).
This research continues an exploration of how expe-
riential or active learning tools can be more effec-
tively applied, particularly in university operations
management and management science core courses.
The study is the first to use difficult-to-read fonts
and planned mistakes to analyze effects on compre-
hension in a university business school environment.
Post-workshop comprehension test scores from three
groups are compared. We also analyze differences in
perception of mastery among the groups.

Some counterintuitive thinking may help educa-
tors design better experiential learning environments.
Such environments might include student material
with difficult-to-read fonts or planned errors. In our
experiment, students learn a core topic (decision

making using Monte Carlo simulation) in operations
management in an active learning workshop environ-
ment. One group of students used a standard ver-
sion of active learning materials to study the topic.
Another group used the exact same workshop mate-
rial content but with a difficult-to-read font. The third
group of students used a slightly modified version
of the materials that incorporated two planned mis-
takes. It was proposed that the experimental groups
would score higher on the same post-workshop test
because the modified material would cause the stu-
dents to focus more intently and this added effort
would improve student comprehension. A final part
of our experiment suggests that students’ percep-
tions regarding their comprehension of material can
be inaccurate.

2. Background
Our research applies the ideas of using unusual fonts
or planned mistakes in active learning workshops for
business school curricula, ascertaining if statistically
significant results are obtained, and further, determin-
ing whether or not these students deceive themselves
with respect to mastery of the material. We seek to find
out if ideas proposed primarily in liberal arts domains
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apply to operations management curricula, and if so,
what types of modifications may be more effective.

Fluency refers to a subjective feeling regarding the
ease or difficulty associated with completing a men-
tal task (Oppenheimer (2008)). In many instances,
one associates mental ease of processing (i.e., a feel-
ing of fluency) with understanding and comprehen-
sion when in fact the reverse is the case. Several
researchers, primarily in liberal arts domains, have
ongoing projects exploring the benefits of disfluency
in training materials. Disfluency (Diemand-Yauman
et al. (2011)) refers to the subjective experience of
difficulty associated with cognitive operations. Dis-
fluency may be realized by introducing planned dif-
ficulties into training materials. Our study explores
the effects of disfluency in a business school environ-
ment. Alter et al. (2007) showed that disfluency can
lead to improved comprehension and better results.
Bjork (1994) called this disfluency effect a “desir-
able difficulty.” In the political domain, Hernandez
and Preston (2013) found that slowing people down
with a challenging or difficult-to-read font signifi-
cantly reduced polarization on certain political topics.
When subjects read about topics with the difficult-to-
read materials and had to struggle a bit, they became
more moderate in their thinking and were able to
understand an opposing view better. Our research
explores the idea of increasing effort either in a super-
ficial or pedagogical manner to see if improved com-
prehension occurs in a core university business school
course. Adding such efforts to materials may be fairly
easy for educators and provide significant benefits.
Research in this area has also shown a subject’s natu-
ral instincts regarding comprehension may be wrong
(Diemand-Yauman et al. (2011), Sungkhasettee et al.
(2011), Yue et al. (2012)).

Informally we have asked colleagues and associates
about the nature of workshop materials that will yield
the best results. Almost universally they answer that
“materials should be presented clearly,” “straightfor-
ward,” “with large and bold fonts.” The contrary may
instead be true as many studies in liberal arts domains
suggest (Carey (2011), Kornell et al. (2011), Diemand-
Yauman et al. (2011)). In a modification to Shane
Frederick’s classic three-question cognitive reflection
test (Frederick (2005)), Alter et al. (2007) demonstrate
the powerful effects of using a barely legible font. In
this experiment three questions, all of which have an
obvious quick intuitive answer that is incorrect and
a more thoughtful correct answer, are given to sub-
jects. Half of the subjects were given the test questions
in an easy-to-read, clear font and the other half were
given the test in more difficult-to-read, lighter font.
The participants with the easy-to-read font questions
“answered an average of 63% of the questions cor-
rectly compared to an average of 82% correct” for the
participants with the lighter, italicized, smaller font.

Introducing cognitive strain into materials, even in
such a superficial way, has a benefit. In our research
of the literature we found little or no consistency as
to the font styles that were selected for various exper-
iments. Most used an “unusual” font that was light-
ened to some degree. These styles included bodoni,
comic sans, Dakota, mistral, and others. We found no
guidelines available regarding font selection for this
type of research, which is not surprising since it is
new, especially in university business school environ-
ments. Thus, for our experiment, we used our judg-
ment and word processor capabilities to select a font
style we believed would cause some cognitive strain.
We selected a Dakota 12-point font that was 50%
lighter than a normal, unadjusted font.

A number of studies demonstrate a relationship
between materials that cause cognitive strain and
confidence levels in comprehension of material and
recall. Diemand-Yauman et al. (2011, p. 114) found
that “larger fonts led participants to believe that they
would have better recall” when in fact the participants
with the large fonts did not perform better than the
group with the smaller font materials. Additionally,
Castel et al. (2007) found that fluency, or ease of pro-
cessing, was a critical factor in subjects’ overestimating
their recall abilities. Confidence and fluency are highly
related in many studies. The more fluent the material,
the more confident the subject is in his or her assimi-
lation of the material.

Thus, in our research we focused on two questions:
was there a difference in post-workshop test scores
among the groups (H1A and H1B), and did students
deceive themselves about their mastery of material
(H2). Since we believed students needed to concen-
trate harder with materials that had either a difficult-
to-read font or planned mistakes, we proposed the
following hypotheses:

Hypothesis 1A (H1A). Mean scores for students with
font-modified materials will be greater than mean scores for
students in the control group.

Hypothesis 1B (H1B). Mean scores for students with
materials that have planned pedagogical mistakes will be
greater than mean scores for students in the control group.

There is a great deal of research demonstrating
the link between maximizing legibility and perceived
accuracy in judgment later (Rhodes and Castel (2008),
Yue et al. (2012), Diemand-Yauman et al. (2011),
Kahneman (2011)). “Representational richness pro-
duces confidence because it enhances fluency” (Gill
et al. (1998)). Confidence in potential answers is based
in part, on cognitive ease (Kelley and Lindsay (1993)).
In general, if one perceives information to be easy to
assimilate, one also believes the information is com-
prehended and can easily be recalled. This phenomena
seems to be intuitive and a natural part of our cog-
nitive processing (Alter et al. (2007)). It follows that

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

17
.7

4]
 o

n 
15

 J
ul

y 
20

26
, a

t 0
1:

10
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



Weltman and Eakin: Incorporating Unusual Fonts and Planned Mistakes in Study Materials
158 INFORMS Transactions on Education 15(1), pp. 156–165, © 2014 INFORMS

perceived difficulty (or cognitive strain) should instill
a lack of confidence in material comprehension. When
material is difficult to process, one’s confidence in
understanding the material is reduced and triggers are
activated that more deliberate and effortful thought is
needed (Botvinick et al. (2001), Liberman et al. (2002)).

To explore these feelings of mastery (confidence)
among groups we established three groups. A control
group that utilized a “cognitive easy” set of materials,
and two experimental groups that each had a different
type of cognitive difficulty. Specifically, the following
hypothesis was proposed:

Hypothesis 2 (H2). The proportion of students that
feel they have mastered workshop content will be different
among the three groups (group with planned pedagogical
mistakes materials, group with font-modified materials, and
the control group with accurate and easy-to-read materials).

3. Experimental Approach
Three class sections with a combined total of 155 stu-
dents were involved in this study. Forty-nine students
were in the control group, 54 students were in the
group that had workshop materials with pedagogical
mistakes, and 52 students were in the group that had
workshop materials created with an unusual font. In
a particular class section, approximately one-third of
the class received each type of workshop material set
as shown in Table 1.

Overall the proportion of students that received
each material set was closer to one-third than for
a particular class section. In the entire study, 0.316,
0.348, and 0.335 were the proportions for each group:
control, pedagogical mistakes, and unusual fonts,
respectively. Slightly different proportions of stu-
dents in a particular class section received each
workshop material set. These proportions are shown
in Appendix A. In our experiment a total of 70 copies
of each workshop material set was made. On the
day of the workshop the precise number of stu-
dents participating was not known. Each class section
had a different number of students. We attempted to
distribute materials randomly by mixing them with
approximately one-third of each material type being
distributed in a class section. Our distribution was
slightly disproportionate (by section) as shown in
Appendix A. A chi-square test for differences among
these proportions was performed. These differences
were not statistically significant (Appendix A).

Table 1 Sample Sizes for Each Workshop Group

Material set\class section Section 1 Section 2 Section 3 Total

Control 18 15 16 49
Pedagogical mistakes 25 17 12 54
Unusual fonts 19 19 14 52

The experiment took place in a computer lab where
students worked in pairs. Students received a set
of the workshop learning materials and were given
60 minutes to complete the activity. In the workshop,
students developed and built probability distributions
for several situations. The final part of the workshop
included an interactive Excel Monte Carlo simula-
tion spreadsheet. The spreadsheet allowed students to
use three probability distributions (the uniform, nor-
mal, and triangular) to model various profit scenarios
where demand and cost components varied via one of
these distributions. Students entered assumptions into
the spreadsheet and viewed a portfolio of potential
profit outcomes along with their associated frequency
of occurrence.

In the lab, undergraduate business students worked
in pairs with a set of workshop materials. Each stu-
dent in a pair had the exact same material as his or
her partner. Workshop handouts were in the form of a
Microsoft PowerPoint slide set. Three slide sets were
developed: a control set, a difficult-to-read font set,
and a set with planned pedagogical mistakes. Each
slide set had several slides of reading passages, fig-
ures, examples, and fill-in-the blank practice exercises.
The idea of the workshop was to give students an
introduction to decision making under uncertainty
using three basic probability distributions: the uni-
form, normal, and triangular.

Students learned about the uniform distribution
through reading short passages and then building
a simple uniform distribution from example data.
Twenty trials from flipping a coin were shown with
their associated outcomes (“heads” or “tails”). Stu-
dents used these data to complete a partially built his-
togram of the corresponding frequency distribution.
Also, at the end of this section students calculated
the mean of a discrete uniform distribution (its mini-
mum value plus its maximum value divided by two)
and the expected frequencies for each outcome given
a specified total number of observations. For example
in rolling a single die 600 times, students calculated
the mean outcome to be 3.5 and expected individual
number of outcomes of “1,” “2,” “3,” “4,” “5,” and “6”
to be 100 each. Similarly, students read short passages
about the normal distribution for a basic understand-
ing. From this reading they should have understood
that the normal distribution is symmetric around its
center (mean or median). Both words and figures
were used to explain how a Monte Carlo simulation
could be applied to a normal distribution to gener-
ate trial values from the distribution. It was explained
to participants that more values in a given number
of trials should be near the center point than toward
the outer values. The triangular distribution was pre-
sented in a similar manner. The mean of a triangular
was described as the average of its three distribution
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parameters: minimum value, most likely value, and
maximum value. All three distribution descriptions
were placed in a business decision context. Finally,
student teams downloaded a prebuilt Microsoft Excel
spreadsheet to decide whether or not to introduce
a new product in the market. The unit revenue for
the product was fixed. Two cost components (vari-
able costs per unit and overall administrative costs)
varied via previously described distributions (vari-
able costs via a uniform distribution and administra-
tive costs via a triangular distribution). Demand for
the product varied according to a normal distribution
with mean and standard deviation parameters pro-
vided. Student teams worked with the spreadsheet
to analyze potential profit or loss scenarios regarding
product introduction.

Three sets of active learning materials were in-
volved in the experiment: a base or control set, a font-
modified set, and a pedagogically modified set. All
three workshop-learning sets contained exactly the
same content, the probability distributions and the
Monte Carlo simulation approach to decision making.
The base or control set of materials used a standard
font (Gill sans 16 point) that is easy to read. An exam-
ple of this font style is shown below:

Monte Carlo simulation is a technique
in which many values of a random vari-
able are generated from a probability
distribution.

This font-modified set used a text style that was
more difficult to read, i.e., handwriting Dakota 12 and
14 point, 50% lighter. An example of this font style is
shown in Figure 1.

The pedagogically modified set was the same as
the base set but with two planned content errors. One
planned content error was an incorrect calculation of
the mean for a triangular distribution. In the example
presented to this group of students the mean task time
should be 16 (as the smallest task time is 12 not 14).
An incorrect mean task time of 16.67 was presented
as shown in Figure 2.

Another pedagogical error incorrectly showed the
mean of a normal distribution to be at the extreme
right tail of the distribution not its center. The mean
should be specified as 80 not 90 as was shown in
Figure 3.

Figure 1 Modified Font Style

Figure 2 Triangular Distribution with Incorrect Mean Task Time
Calculation

L
ik

el
ih

oo
d

Task time (hours)

12 14 22

Mean task time is
(14 + 14 + 22)/3 = 16.67

Note. The task time is modeled below using the triangular distribution.

In the latter part of the workshop materials Monte
Carlo simulation was explained. Students read that
the cost of a particular part could vary between
dollar amounts depending on current market con-
ditions with all values between the two amounts
equally likely (the idea of a uniform distribution).
Administrative costs to introduce this item could be
between three amounts but analysts believed the mid-
dle amount was most likely (the idea of a triangu-
lar distribution). Projected demand for the item was
expected to follow a normal distribution. Given these
parameters in the workshop, students developed a
mean profit or loss. Students used an Excel worksheet
to see 500 trials of possible outcomes from these dis-
tributions. Students could view individual outcomes

Figure 3 Normal Distribution with Incorrect Mean Class Grade
Displayed

The normal distribution

Another very popular distribution is the normal distribution. Like
the triangular distribution, the normal distribution is a
continuous distribution, meaning the random variable can take
on any value in its range. However, the normal distribution is
always symmetric, with its mean always at the center value.
Values on each side of the center are equally likely.

For example, below is a normal distribution of class grades with a
mean of 90. A score around 80 is the most likely. Scores around
70 and 90 are less likely than a score around 80, but are equally
likely to each other.

L
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d

Class test grades
Mean,
Median,
Mode

908070

Mean class grade is 90
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Figure 4 Student Summary of Monte Carlo Outcomes

Simulation summary results
Mean profit $442,547
Standard deviation $332,230
Minimum profit ($439,850)
Maximum profit $1,624,799
Number of losses 37
Probabilitiy of loss 0.0740

Profit group f

($1,000,000) to ($750,000) 0
($750,000) to ($500,000) 0
($500,000) to ($250,000) 10
($250,000) to ($0) 27
$0 to $250,000 111
$250,000 to $500,000 143
$500,000 to $750,000 123
$750,000 to $1,000,000 58
$1,000,000 to $1,250,000 25
$1,250,000 to $1,500,000 2
More than $1,500,000 1

TOTAL 500
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Simulation results
possible profit scenarios

or see a summary of all possible trials as shown below
in Figure 4.

Using the simulation trial results (summary statis-
tics and a plot of possible profit outcomes), students
were asked to observe and try to understand possible
profit and loss consequences resulting from introduc-
tion of this product. Students also computed the mean
profit for their scenario, without reliance on the simu-
lation results. Feedback regarding the accuracy of this
computation was not provided.

A 20-minute multiple-choice quiz followed the
workshop. Multiple-choice quizzes are commonly
used to assess the effectiveness of various teaching
methods. For example, in evaluating the effective-
ness of teaching a business statistics course using
“technology centric” and “technology light” methods,
Gorman (2008) used a multiple-choice test to evaluate
the effectiveness of these methods. A number of stud-
ies in the business education domain have used sim-
ilar approaches in gauging performance (Hembrooke
and Gay (2003), Rienzo and Han (2011), Coy and
Adams (2012), Ueltschy (2001), Leon et al. (2006)), for
example.

A classic and popular reference model that can
be used for question development and to study the
effectiveness of various teaching methods is Bloom’s
Taxonomy of the Cognitive Domain (Bloom (1956)).
Bloom’s model is well established and remains a
very popular tool for development and assessment of
teaching and training tools, especially in educational
environments, which is the context for this study.
The framework is hierarchical so that basic knowl-
edge is assessed at the lowest level and more com-
plex learning can be assessed at the highest levels.
For a complete description and use of the taxonomy
readers are encouraged to see (Bloom (1956), Bonwell
and Sutherland 1996). Questions developed using
this taxonomy as a guide were designed to assess

a fairly wide variety of skills obtained as shown in
Appendix B. Questions were designed to test rela-
tively simple skills such as the ability to recall and
define as well as much more complex skills such as
the ability to compare, apply, and employ techniques
appropriately. Students were assessed immediately
after a workshop session to measure the effective-
ness of the technique on the subject. Performance
was measured by the percent of questions answered
correctly.

A common 5-point Likert scale was used for stu-
dents to self-assess feelings of material mastery. Sim-
ilar to Castel et al. (2007), we were interested in
exploring the relationship between fluency and confi-
dence. We wondered whether or not business school
students would exhibit tendencies of self-deception
based on types of materials used.

4. Methodology and
Analysis of Results

4.1. Difference in Means Between Groups
We used the pooled-variance t-test and the Welch
test that assumes unequal variances to compare
mean score differences between groups. Welch’s t-test
(Welch (1947)) is preferred when variances between
samples are not equal. The Welch test overcomes
potential unequal variance issues, and is also fairly
robust to nonnormality population assumption vio-
lations (Rasch et al. (2011)). Sample sizes between
groups need not be equal. In the present research,
sample sizes in the three groups are approximately
the same: control group n= 49, pedagogical mistakes
group n = 54, and unusual front group n = 52. Both
tests (pooled-variance t-test and Welch test) produced
results with essentially the same level of significance
for our data.
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Table 2 Results of t-Tests for Difference in Means

Font modified Pedagogical errors Control

n 52 54 49
Mean test score 0073 0069 0067
Standard deviation 0016 0018 0019
p-value (versus control group) 0004∗ 0023 Na

∗Hypothesis 1A is statistically supported.

Overall the font-modified material produced the
highest mean test score (0.73) followed by material
with pedagogical mistakes (0.69). The lowest mean
test score (0.67) was produced from the base or non-
modified material control group. The t-test and Welch
test both showed a significant difference between
mean test scores for the group with font-modified
materials and the control group. Hypothesis 1A
regarding the use of the challenging font materials
was supported for both tests at a 0.05 level of sig-
nificance. Hypothesis 1B regarding the materials with
planned pedagogical mistakes was not statistically
supported. A summary of our t-test results is shown
in Table 2.

Of the questions in the assessment test, three were
classified as “low” level, seven as “medium” level,
and three as “high” level using Bloom’s Taxonomy
of the Cognitive Domain (Bloom (1956)) as a guide-
line (Appendix B). Medium and high level questions
assess deeper understanding and application of mate-
rial to new scenarios. Table 3 shows a breakdown
of mean scores for the three levels of questions by
experimental group. The most notable differences are
between the control and font-modified groups for
the medium and higher-level questions. These results
suggest that introducing a significant difficultly into
materials, i.e., font modification in our experiment, is
especially helpful in higher levels of comprehension.
For the low level questions, only three percentage
points separate control and font-modified material
groups, whereas for the medium and high level ques-
tions the spread is twice as much with a six percent-
age point separation.

4.2. Distribution of Feelings of Mastery
Our business school results were consistent with the
literature. The students with the materials that were
the most “representationally rich or easiest cogni-
tively” reported the greatest feelings of confidence in

Table 3 Group Means Broken Down by Bloom Comprehension Level

Low Medium High

Font-modified group 0083 0077 0035
Control group 0080 0071 0029

their learning. Specifically, in the control group of 49
students, 30 students (61%) reported that they either
“learned the material well” or “completely mastered
the material.” In the group of 54 students that had
the materials with pedagogical mistakes, 17 students
(31%) reported that they either “learned the material
well” or “completely mastered the material.” In the
group of 52 students with the font-modified mate-
rials, 27 students (52%) reported that they either
“learned the material well” or “completely mastered
the material.”

To determine whether or not there was evidence
of student self-deception we performed a chi-square
test for difference in proportions. Students with the
base set of materials had the largest percentage of
high feelings of mastery, whereas students that uti-
lized the materials with pedagogical errors had the
lowest percentage with high feelings of mastery (Fig-
ure 5). Our findings indicate that students in this
experiment did in fact deceive themselves. Feelings
of mastery among the (3) workshop material groups
were distributed differently. The control group had
the greatest feeling of material mastery, followed by
font-modified and pedagogical error group materi-
als, respectively. This result had a level of signifi-
cance of 0.002. Hypothesis 2 was supported. Students
with the font-modified material scored the highest
mean comprehension score overall but this group’s
percentage of high feelings of mastery was lower
than the control group. Just the opposite was true
for students in the control group; they had the great-
est percentage of high feelings of mastery but the
lowest mean test score. Students in this experiment
clearly deceived themselves about what they knew.
When students used workshop materials with clear
bold fonts they believed they were best at assimilat-
ing the material but the converse was true. The group

Figure 5 Student Self-Deception
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with lowest scores overall had the most confidence
of mastery. Figure 5 graphically illustrates this disflu-
ency effect along with the misalignment of student
confidence.

5. Conclusions and Discussion
Introducing planned difficulties into learning mate-
rials seemed to work. In our experiment, involving
155 undergraduate business school students, mean
scores were higher for subjects learning from materi-
als that had complications. Students who used mate-
rials with an unusual font scored six points higher on
average than students who used the standard mate-
rials in a post workshop test. This difference was
statistically significant. Students who used the ped-
agogically altered material also had a higher mean
post-workshop test score than students in the control
group: however with our sample size of 155 students
this result was not statistically significant. We believe
that in the experiment our planned pedagogical errors
were not obvious enough and likely overlooked by
most students. Had we made these planned errors
more clear, we strongly suspect the majority of stu-
dents would have noticed these mistakes and slowed
down to reflect on the material further. In short, our
planned mistakes were too subtle. The first planned
mistake presented showed the mean task time for
a project activity incorrectly computed. The planned
mistake was that the first number used in the compu-
tation was incorrect (the minimum value of 12 should
have been used instead of the displayed value of 14).
In retrospect this change was not obvious and easily
missed by students. Similarly, another planned mis-
take showed an incorrect mean for a normal distri-
bution. This change was also very minor and of little
consequence. Had the pedagogically altered material
been changed more substantially, we believe a larger,
more statistically significant difference between the
mean scores of the two groups would have been
observed. Alter (2013) references a number of studies
that indicate a “disfluency premium,” which shows
that when disfluent effects are introduced, subjects
answer questions correctly between 16 and 35 per-
cent more often. When the disfluent effect is either
not present or overlooked (as we believe was the case
in our pedagogically altered material group) subjects
do not slow down to process the information more
deeply and come to an incorrect conclusion more
often. Stronger support may have been obtained for
H1B if more obvious planned mistakes that force stu-
dents to slow down and think are incorporated into
materials. In our workshop, for example, we would
recommend presenting a mean task time result that is
far from the correct mean, even beyond the bound-
aries of the distribution depicted. This type of content
error would likely not be overlooked.

The disfluency effect associated with improvement
in a subject’s comprehension and application of con-
cepts seems to hold not only in liberal arts contexts
but also in business contexts. Our results provide
quantitative evidence demonstrating potential ben-
efits of incorporating interesting complications into
student active learning materials in a university busi-
ness school environment. Providing materials that
required students to slow down and struggle through
them even in a somewhat superficial way improved
content comprehension in our experiment. When
developing student materials, especially in active
learning contexts such as ours, educators should con-
sider incorporating planned difficulties. Our study
showed the use of a difficult-to-read font to be the
more effective than planned pedagogical mistakes.

The self-deception effect also held true in our busi-
ness context. There were significant differences in
distributions regarding self-assessed comprehension.
These differences were counterintuitive. The mean
score for students in the control group whom had
the largest percentage of students with feelings of
mastery was in fact the lowest of the three experi-
mental groups. The other two experimental groups
had higher mean test scores, but lower percentages
in these groups felt a sense of material mastery. The
students with the font-modified and pedagogically
altered materials seemed to have difficulty develop-
ing a true self-confidence in their abilities when in
fact their self-confidence should be the greatest since
they have worked through challenges others did not
encounter. Ease and clarity in workshop materials
did give students confidence of mastery but did not
equate to assimilation of concepts. Just the opposite
was true: a workshop with challenges (a difficult-to-
read font) was associated with higher levels of perfor-
mance later.

Students using materials with the altered font
showed higher levels of comprehension than those
using materials with the clear font. This alteration
was significant and generated a disfluency effect,
which increased student focus. Students who had to
struggle a bit, albeit in a superficial way, showed
increased learning and retention. Our results are the
first from a university business school environment
(operations management core class sections) and con-
sistent with experiments performed primarily in lib-
eral arts domains (education and psychology). In
these domains, there is strong support for the belief
that this type of alteration can lead to improved reten-
tion and performance. When students struggle with
material, rather than rapidly and smoothly reading
through it, a cue is triggered that they may not have
mastery over it (Diemand-Yauman et al. (2011)). Alter
et al. (2007) found that students were less confident
in their ability to answer reasoning type questions
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when text was printed in a disfluent font. Alter et al.
(2007) also found that students with disfluent font
materials answered more questions correctly than stu-
dents with materials in a fluent font. Struggling stu-
dents seem to engage in deeper reasoning strategies
to compensate for even a superficial leaning obsta-
cle. The introduction of clear and obvious hindrances
in materials slows students down and forces them to
try harder to master concepts. Subtle obstacles, such
as our implementation of planned mistakes, may be
missed and disregarded by students rendering these
modifications less effective.

The material with planned pedagogical mistakes
did not provide a statistically significant difference in
scores. The mean score for students using these mate-
rials was 0.69 versus a mean score of 0.67 for stu-
dents using the base set of materials, better but not
statistically significant in our experiment of 155 stu-
dents. We believe the reason for this result was that
our two planned pedagogical mistakes were not obvi-
ous enough for our undergraduate student subjects
to observe. It is likely the majority of students sim-
ply did not notice our planned incorrect mean task
time calculation and erroneous mean class grade. No
additional difficulty was introduced with these mate-
rials. As Alter et al. (2007) and Dreisbach and Fischer
(2011) have observed, difficult-to-read fonts seem to
introduce a mental trigger or signal that tells us we
must cognitively engage more deeply to understand.
Kahneman (2011) refers to this as activation of “Sys-
tem 2” or “effortful mental” processing. It is surpris-
ing that such a superficial adjustment can produce
this effect, but clearly, many researchers have per-
formed experiments with difficult-to-read fonts and
observed results showing improved comprehension.
As educators, we look for creative ways to more
deeply engage students in the learning process.

The search for enhanced active learning methods
continues and the introduction of complexities into
materials seems to have merit. The trend toward cre-
ating more active learning environments in business
school curriculum necessitates deep and varied explo-
ration of student knowledge gained. In our experi-
ment incorporating a lighter, difficult-to-read font into
materials was an alteration associated with improved
learning. Student judgment in assessing what they
learned was inaccurate and in fact exactly the oppo-
site of actual performance. It should be emphasized
to students that increased effort, even in a superficial
way, may lead to improved comprehension and recall.
Similar to a number of studies conducted in educa-
tion and liberal arts domains, our best performing
participant groups were the ones that had the lowest
levels of confidence in material mastery. These results
demonstrate that incorporating obvious challenges in
core operations management content can increase stu-
dent focus and retention.

Appendix A

Experimental Proportions

Material set\class
section Section 1 Section 2 Section 3 Total

Control 002903 002941 003810 003161
Pedagogical mistakes 004032 003333 002857 003484
Unusual fonts 003065 003725 003333 003355

Chi-Square Test Class Section 1

Material set\class Sample Hypothesized
section 1 size proportions

Control 18 003333
Pedagogical mistakes 25 003333
Unusual fonts 19 003333

�2
=

3
∑

i=1

4fi − ei5
2

ei
= 103871

p− value = P4�2 > 1038715= 0049981

1Not statistically significant, we cannot conclude the sam-
pled proportions for class section 1 are different from the
hypothesized proportions.

Chi-Square Test Class Section 2

Material set\class Sample Hypothesized
section 2 size proportions

Control 15 003333
Pedagogical mistakes 17 003333
Unusual fonts 19 003333

�2
=

3
∑

i=1

4fi − ei5
2

ei
= 004706

p− value = P4�2 > 0047065= 0079032

2Not statistically significant, we cannot conclude the sam-
pled proportions for class section 2 are different from the
hypothesized proportions.

Chi-Square Test Class Section 3

Material set\class Sample Hypothesized
section 3 size proportions

Control 16 003333
Pedagogical mistakes 12 003333
Unusual fonts 14 003333

�2
=

3
∑

i=1

4fi − ei5
2

ei
= 005714

p-value = P4�2 > 0057145= 0075153

3Not statistically significant, we cannot conclude the sam-
pled proportions for class section 3 are different from the
hypothesized proportions.
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Appendix B Assessment Questions

Question Blooom level

Which of the following is a distribution in which all of the probabilities are equally
likely?

Low (knowledge/comprehension)

A distribution that shows outcomes and their associated probabilities or likelihoods
is called what?

Low (knowledge/comprehension)

Which of the following is a popular distribution in which 3 numbers are specified?
These 3 numbers completely describe the distribution.

Low (knowledge/comprehension)

When rolling a single die, what is the probability of an even number outcome (a 2, 4,
or 6)?

Medium (application/analysis)

Which of the following Monte Carlo simulation results is most likely? Medium (application/analysis)
based on a long history of buying a particular part from various suppliers, ABC Inc.

believes costs can be anywhere from $8 to $12 per unit. The table (Table 3) shows the
probabilities of the part costs, based on the historical information from purchasing.
A Monte Carlo simulation is run for 100 trials. Which of the following results is not
possible?

Medium (application/analysis)

Figure 3 is a picture of a beta distribution. Like the normal distribution, the beta
distribution is a continuous distribution, but may be skewed to either side, which
changes the likelihood of outcomes to be greater on one side versus another. Which
of the following statements is true regarding the beta distribution shown in the
figure?

High (synthesis/evaluation)

Which statement best describes why the MC simulation mean result may differ from
the statistically calculated mean?

High (synthesis/evaluation)

What is the value or use of Monte Carlo Simulation? High (synthesis/evaluation)
We are not sure how much money project ABC will cost. A team of business experts

believes the cost could be as low as $100,000, as high as $200,000, but most likely
$180,000. A good distribution to model the possible project cost would be which
distribution? Which of the following is the mean cost for the ABC project?

Medium (application/analysis)

Considering Figure 1, a Monte Carlo simulation was run with 700 trials, what is the
probability of loss?

Medium (application/analysis)

Considering Figure 2, a Monte Carlo simulation was run with 700 trials, what is the
expected or mean revenue?

Medium (application/analysis)

Considering Figure 2, a Monte Carlo simulation was run with 700 trials, what is the
expected or mean profit?

Medium (application/analysis)
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