
CBE—Life Sciences Education
Vol. 10, 309–317, Fall 2011

Article

Are Comic Books an Effective Way to Engage Nonmajors
in Learning and Appreciating Science?1

Jay Hosler* and K. B. Boomer†

*Department of Biology, Juniata College, Huntingdon, PA 16652; †Department of Mathematics,
Bucknell University, Lewisburg, PA 17837

Submitted July 15, 2010; Revised June 11, 2011; Accepted June 14, 2011
Monitoring Editor: Karen Kalumuck

Comic books employ a complex interplay of text and images that gives them the potential to effec-
tively convey concepts and motivate student engagement. This makes comics an appealing option
for educators trying to improve science literacy about pressing societal issues involving science and
technology. Here, we report results from the first systematic assessment of how a science comic book
can affect student learning and attitudes about biology. We used pre- and postinstruction instru-
ments to measure students’ attitudes about biology, attitudes about comics, and content knowledge
about evolution before and after using the science comic book Optical Allusions in their classes. On
the preinstruction instrument, nonmajors reported the lowest scores on the content test and attitude
surveys relative to the other groups. However, on the postinstruction instrument, nonmajors’ content
scores and attitudes showed a statistically significant improvement after using the comic book, par-
ticularly among those with lower content knowledge at the start of the semester. The improvement
in attitudes about biology was correlated to attitudes about comics, suggesting that the comic may
have played a role in engaging and shaping student attitudes in a positive way.

INTRODUCTION

According to the National Assessment of Education Progress,
the science proficiency of high school seniors dropped from
21% in 1996 to 18% in 2000 and remained at 18% in 2005
(Grigg et al., 2006). As a result, the public’s science literacy
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is remarkably low. Only one in five Americans comprehends
or appreciates the value or process of scientific inquiry (Na-
tional Science Board [NSB], 2000). To combat this, the NSB on
Communicating Science and Technology to the Public has un-
derscored the need to communicate the fascination, joy, and
utility of science (NSB, 2000). Traditional textbooks do not
always make this possible, especially if students are already
uncomfortable with the material. According to the NSB’s Sci-
ence and Engineering Indicators for 2004, textbooks now con-
tain more content that is presented with less coherence (NSB,
2004). In this paper, we report data that suggest comic book
stories can play a significant role in conveying content in a
coherent manner and, in the process, improve the attitudes
that non–science majors have toward biology.

The potential value of comics in education and student lit-
eracy is not a new concept. Educators have been using comics
in the classroom for over 60 years. Instructors who incorpo-
rate comics into their curricula suggest that comics gener-
ate increased individual student interest (Sones, 1944) and,
according to at least one teacher, make “learning too easy”
(Hutchinson, 1949). Comics have been used to motivate chil-
dren to read (Haugaard, 1973), train students in the language
arts (Williams, 1995), teach collegiate physics (Kakalios, 2002),
outline business ethics (Gerde and Foster, 2008), and explain
the maintenance of military equipment (Eisner, 1944). Comics
are also being used in medical education and patient care
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(Green and Myers, 2010). The Maryland State Department of
Education (MSDE) even started the Maryland Comic Book
Initiative in which it piloted the use of comics such as Jim Ot-
taviani’s Dignifying Science (biographical comic stories about
women scientists) in middle school classrooms (MSDE, 2004;
Ottaviani, 2009).

Few science educators could dispute the explanatory
power of images and figures in traditional textbooks. The
complex interplay of words and images in comics has the po-
tential to go beyond the traditional textbook by weaving text
and images into a story that can help generate coherence and
context for the information. A pedagogical tool that engages
students, motivates them to read, helps them remember con-
tent, and makes the whole process fun would be quite useful
in the science curriculum. It is not surprising then that comics
have found their way into some science classrooms. The liter-
ature concerning science education and science comics has re-
cently been reviewed by Tatalovic (2009), and although there
have been a number of articles published that suggest comics
can be used in the classroom to motivate students, these argu-
ments usually rely on anecdotal evidence for support and do
not assess what role, if any, comics play in student success.

In this paper, we report the results from a comparative
study to assess the pedagogical effectiveness of a comic book
textbook called Optical Allusions. We focus on the role comics
might play in engaging non–science majors. Relative to sci-
ence majors, nonmajors are less motivated and interested in
science and spend less time studying it (Knight and Smith,
2010). We hypothesized that using a comic book story to de-
liver scientific information would provide imagery and con-
text that would enhance student learning and attitudes about
biology.

MATERIALS AND METHODS

The Comic Book Textbook
Optical Allusions is a comic book textbook written by one of
us (J.H.) that uses biological themes about vision and evolu-
tion as scaffolding for the comic book story. The comic book
was designed for a nonmajors Sensory Biology course and
was used during the section of the course that focuses on vi-
sion and evolution. The main character in Optical Allusions is
Wrinkles the Wonder Brain, a lab technician for the Graeae
Sisters from the Perseus legend. Wrinkles’ primary responsi-
bility is to shuttle the sisters’ single eye among them as they
need it. When he trips and drops the eye into a vat of dis-
tilled imagination, he goes in after it and proceeds to have
eight six- to eight-page eye-themed adventures. During his
search, he is introduced to concepts such as evolution and
natural selection, eye anatomy, sexual selection, evolutionary
development of the eye, color vision, phototransduction, and
systematics (Figure 1). Each of the comic stories is written
with a cliffhanger to draw readers into the next chapter and
beyond the required reading.

Interleaved with the comic stories are fully illustrated, tra-
ditional text pieces that provide students and instructors with
a more in-depth exploration of the biology introduced in the
immediately preceding comic story. Each chapter includes
study questions that are designed to help students make con-
nections between the content and story as well as connections

Figure 1. A page from Optical Allusions in which the protagonist,
Wrinkles the Wonder Brain, meets a phylogenetic tree named Ygg-
drasil and is instructed on basic phylogenetic concepts. The concepts
introduced in the comic story are expanded upon in the text piece
that interleaves the comic book chapters.

among content in other chapters of the book. Both the comic
stories and traditional text are fully indexed, and there is a
complete bibliography of primary and secondary literature
for further reading.

Demographics
This study was conducted using four biology courses taught
by one of us (J.H.) at Juniata College during the Spring 2009
semester. Juniata College is a small liberal arts college located
in a rural setting in central Pennsylvania. The student body
is 57% female, 7% international, and 7% domestic minority.
Thirty percent of the students are the first generation in their
family to attend college. Departments at Juniata College are
organized into three major divisions: natural sciences, social
sciences, and humanities. The four courses that were part of
the study had different demographics (Figure 2).

Sensory Biology (BI 142). Sensory Biology, a 100-level course
designed for nonmajors, enrolled 24 students in 2009 (11
women, two domestic minorities, three international). Fifteen
of the students had majors in the social sciences (communi-
cation, psychology, business, and education), three had ma-
jors in the natural sciences (environmental science, wildlife
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Figure 2. Demographics of the courses Sensory Biology (BI 142),
Biology II (BI 106), Evolution (BI 339), and Neurobiology (BI 450).
(A) Percentage of students with majors in a given academic division
for each course. Juniata College categorizes departments into three
major divisions: natural sciences, social sciences, and humanities.
Nondegree refers to high school students taking the course for col-
lege credit. (B) Percentage of students from each class that are high
school students, first years, sophomores, juniors, or seniors. Sensory
Biology was composed primarily of first-year students from the so-
cial sciences. The other three courses were predominantly populated
by upper-class students in the natural sciences.

conservation, and biology), two had majors in the humani-
ties (French, studio art), and four were non–degree-seeking
high school students. Students included high school seniors
as well as freshmen through senior college students, with the
typical student being in their first year of college.

Biology II (BI 106). Biology II, the second course in the in-
troductory biology sequence, enrolled 38 students in 2009 (22
women, one international). Of the 38 students, 35 were sopho-
mores and three were juniors. Of the students in Biology II,
34 had majors in the natural sciences (primarily biology with
a few students in chemistry, geology, environmental science,
and wildlife conservation), three were in the social sciences
(anthropology, psychology, and education), and one was in
the humanities (fine arts).

Organic Evolution (BI 339). Organic Evolution, an upper-
level elective course, enrolled 14 students in 2009 (10 women).
The course was composed of juniors and seniors. Twelve had
majors in the natural sciences (all biology), and two had ma-
jors in social sciences (anthropology and education). There

were no nondegree, international, domestic minority, or hu-
manities students in this class.

Neurobiology (BI 450). Neurobiology, an upper-level elec-
tive composed primarily of juniors and seniors, enrolled 22
students in 2009 (17 women, one domestic minority, and one
international). All 22 of the students were biology majors.

Optical Allusions was used in Sensory Biology, Organic Evo-
lution, and Neurobiology. These latter two courses have as
a prerequisite BI-207, Dynamics of Biological Processes; the
third course in the introductory biology sequence. Biology II
(BI 106) was used as a comparison group. In this class, the
same topics about the eye and evolution were covered, but
Optical Allusions was not used. Instead, students in Biology II
used Scott Freeman’s Biological Science as a text.

Summary of Pedagogical Approaches
for Each Course
The teaching approach in all four of the classes in this study
was very similar. During lectures, J.H. worked primarily at
the board, drawing and writing notes. Lectures were punctu-
ated by frequent “quick questions and problems” that involve
students working with the person beside them to figure out
problems, how to interpret a graph, or design experiments.
Student comments and solutions were used to generate class
discussion of the material. For each class using Optical Allu-
sions, students were assigned specific passages to read and
the class discussed the story and the science from the read-
ing during class, using the ridiculous situations of the comic
book stories to put the concepts in context. The only ma-
jor difference between approaches was that, in the introduc-
tory courses (Sensory Biology and Biology II), daily five-point
quizzes were given, whereas in Neurobiology, quizzes were
once a week; in Evolution, there were no quizzes at all.

Optical Allusions was the only text used in Sensory Biol-
ogy when covering the topic of evolution and the eye. In the
other courses, additional texts were used: Freeman’s Biological
Science in Biology II, Futuyma’s Evolution in Organic Evolu-
tion, and Nicholls et al.’s From Neuron to Brain in Neurobiol-
ogy. Although texts other than Optical Allusions were used in
Organic Evolution and Neurobiology, Optical Allusions was
used at the beginning of the semester in each class to intro-
duce the topics to students. In Neurobiology, the topic of the
eye was not revisited until the end of the semester so that
the use of the text From Neuron to Brain between the time
we finished with Optical Allusions and the postinstruction as-
sessment instrument (see below) would have had minimal
to no impact on student understanding of the content being
assessed. Similarly, in Organic Evolution, the time between
using Optical Allusions and the postinstruction assessment in-
strument was dedicated to a historical overview of evolution-
ary thought, content that does not overlap with that covered
in the comic. In Biology II, the text was the sole source of
content delivery.

The use of the comic and textbook in lecture used the same
approach in all classes. Students were assigned readings from
the text or comic, and the concepts were discussed in class.

Assessment
The students completed identical pre- and postinstruction
assessment instruments; the preinstruction instruments were
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Table 1. Instrument reliability as assessed with Cronbach’s alpha

Biology Attitude Scale Comic Attitude Scale

Course Time point Part A Part B Part A Part B

Sensory Post 0.948 0.779 0.948 0.897
Pre 0.946 0.732 0.950 0.864

Neurology Post 0.839 0.820 0.968 0.791
Pre 0.866 0.744 0.892 0.828

Evolution Post 0.826 0.735 0.973 0.883
Pre 0.853 0.752 0.983 0.890

Control Post 0.929 0.758 0.934 0.893
Pre 0.946 0.735 0.948 0.795

Overalla Post 0.933 0.770 0.952 0.878
Pre 0.950 0.746 0.952 0.837

aOverall includes responses from each of the four courses.

administered at the start of the semester, and the postinstruc-
tion instruments were administered 2 wk after the completion
of the unit on eyes and evolution. At both time points, the Bio-
logy Attitude Scale, the Comics Attitude Scale, and the same
content-based assessment tool were used.

The Biology Attitude Scale (BAS; Russell and Hollander,
1975) was used to assess a change in attitude over time as op-
posed to measuring absolute attitude toward biology. The re-
liability of this BAS was validated by Rogers and Ford (1997).
Russell and Hollander suggest that their scale could be used
to measure a change in attitude in other subjects by changing
the word “biology” for another subject matter area. Thus, we
used a similar scale, which we termed the Comic Attitude
Scale (CAS), by using the word “comic” in place of “biology”
in the original BAS.

The attitude scales have two sections. The first (“Part A”)
consists of 14 Likert items on a 5-point scale. The second sec-
tion (“Part B”) consists of eight bipolar adjectives in a seman-
tic differential scale; the same adjectives from the original
scale were used on both the BAS and the CAS. The results
were scored so that a strong, positive response toward biol-
ogy/comics scored a 5, and a strong negative response was
scored a 1. Thus, the minimum and maximum scores on the
attitude scales were 22 and 110; the minimum and maximum
scores were 14 and 70 for Part A and 8 and 40 for Part B of
each scale.

There was a high degree of internal reliability with these
instruments in our study, as assessed with Cronbach’s alpha
(Table 1). The Cronbach alpha values for Part A of the BAS
ranged from 0.826 to 0.949; for Part A of the CAS, the alpha
values ranged from 0.892 to 0.973. The lowest reliability was
seen within the BAS semantic differential scale (Part B), rang-
ing from 0.732 to 0.820. The Cronbach alpha values for Part B
of the CAS ranged from 0.791 to 0.897. When initially devel-
oping the BAS, Russell and Hollander (1975) selected items
so that the overall alpha value was at least 0.80. In initial
pretests, the alpha values for the Likert items (Part A) were
0.9 and for the semantic differential scale were 0.80. Rogers
and Ford (1997) reported a Cronbach alpha value of 0.95 for
the Likert items. Thus, our measures of internal reliability are
consistent with those reported elsewhere in the literature.

In addition, a content-based assessment instrument was
also used pre- and postinstruction. This content knowledge

instrument consisted of 23 multiple-choice questions. The
score represents the number of questions correctly answered.
The same content knowledge instrument was used in the
four courses. The 23 content questions ranged from straight-
forward factual questions to questions requiring concep-
tual integration about topics such as natural selection and
eye physiology. These questions were drawn from two pri-
mary sources: 1) prior test questions generated over the last
10 years by J.H. for his Sensory Biology, Neurobiology, and
Organic Evolution courses; and 2) questions on the eye and
evolution from the test bank for Scott Freeman’s general biol-
ogy textbook Biological Science. Optical Allusions was tested in
two upper-level biology courses (Neurobiology and Organic
Evolution) with students who had previously been exposed
to some of the material on the content assessment. It is rea-
sonable to assume that these upper-level students may have
higher scores on the pretest content assessment than the stu-
dents in Sensory Biology, who did not have similar prior ex-
posure. Students in Biology II (BI 106, Functions of Cells and
Organisms) might also have been expected to score higher
on the pretest than Sensory Biology students, given that they
may have been exposed to some, but not all, of the concepts in
Biology I (BI 105), the required first course in the introductory
biology sequence.

RESULTS

Statistical Analysis
The main objective of this analysis is to assess whether there
is a significant increase in the average knowledge gained and
positive attitudes toward biology and comics at the end of
the course. The data were analyzed in two ways. First, an
analysis was conducted using data from within each course,
using a Wilcoxon sign rank sum (matched pairs) test.2 The
null hypothesis is that the median change is equal to zero;

2The Wilcoxon sign rank sum (matched-pairs) test is the nonpara-
metric equivalent to the matched-pairs t-test. The nonparametric test
does not require the assumption of normally distributed populations
and was used here due to the small sample sizes. In this study, signif-
icant Wilcoxon test statistics correspond to significant matched-pairs
t-test results.
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Table 2. Summary of Wilcoxon matched pairs test for increase in median score

Instrument Sensory Biology Organic Evolution Neurobiology Biology II (control)

Content Knowledge 5.0 (4.0)
p < 0.0001

4.0 (6.0)
p = 0.0313

3.0 (3.5)
p = 0.0001

3.0 (4.0)
p < 0.0001

BAS Overall 5.5 (19.00)
p = 0.0128

2.0 (2.0)
p = 0.0039

1.5 (6.50)
p = 0.1144

1.5 (5.0)
p = 0.1915

Part A 6.0 (15.0)
p = 0.0104

2.0 (5.0)
p = 0.0313

0.0 (4.0)
p = 0.1965

1.0 (5.0)
p = 0.2509

Part B 1.5 (5.0)
p = 0.1663

0.0 (3.0)
p = 0.5219

1.0 (4.0)
p = 0.2818

0.0 (3.5)
p = 0.3992

CAS Overall 6.0 (8.0)
p = 0.0006

3.0 (4.0)
p = 0.0977

−0.5 (9.0)
p = 0.3644

−1.0 (12.5)
p = 0.4953

Part A 4.0 (7.0)
p = 0.0031

1.0 (3.0)
p = 0.1350

1.0 (6.5)
p = 0.4823

−0.5 (9.0)
p = 0.2672

Part B 2.0 (2.0)
p = 0.0006

0.0 (3.0)
p = 0.1133

−1.0 (3.0)
p = 0.0770

0.0 (4.5)
p = 0.2681

Cell key: Median (interquartile range)
Wilcoxon p value

the one-sided alternative is that the median change score is
greater than zero. Results are summarized in Table 2. Second,
one-way analysis of variance (ANOVA) was used to assess
whether the mean change score was the same for each course
(see Table 3). In the presence of a significant overall F test, a
Dunnett’s post hoc test compared the treatment group means
with the Biology II comparison group that did not use the
comic book text. Residuals analyses were conducted (but are
not reported here), verifying that assumptions have been met.

As outlined above, Optical Allusion was tested in three
courses with the following sample sizes: Sensory Biology
(n = 18), Organic Evolution (n = 9), and Neurobiology
(n = 20). The final comparison group was a Biology II course
(n = 28) that covered the content in Optical Allusions but did
not use the text. Students in each of the four classes completed
both the pre- and the postinstruments. In all cases, items with
significantly different medians also had significantly differ-
ent means. Medians for each group have been plotted using
box plots (Figure 3).

Content Knowledge
A significant improvement was observed in the median con-
tent knowledge scores for all groups: Sensory Biology (p <

0.0001), Organic Evolution (p = 0.0313), Neurobiology (p =

0.0001), and Biology II (p < 0.0001). The lowest median con-
tent knowledge scores were observed within the Sensory
Biology course at the preinstruction time point. We believe
that this can be attributed to the fact that Sensory Biology is
composed of non–science majors taking the course to fulfill
distribution requirements.

Biology Attitude Scores
Attitude scores show a significant improvement in both the
median overall BAS and Part A scores for Sensory Biology
(p values 0.0128 and 0.0104) and Organic Evolution (p values
0.0039 and 0.0313). The lowest mean and median attitude
scale scores were observed within the Sensory Biology course
at the preinstruction time point.

Further, in Organic Evolution, those with preinstruction
content knowledge score at or below the class median had a
significantly higher increase in their BAS Part A score (p =
0.0360) and a marginally significant higher increase in their
BAS Part B (p = 0.059), on average, than those scoring above
the median. As one might expect the increase in attitude to-
ward biology to be nearly constant among all levels of biology
students, this significant improvement suggests that the text
may help engage those who initially know less content.

Table 3. One-way ANOVA results

Results of Dunnett’s post hoc test

Response
Overall F test p
value (3, 71 df) Course

Mean increase above
comparison group p value

BAS change 0.0586 Sensory Biology 5.89 (SE 2.219)a 0.0278
BAS Part A change 0.0107 Sensory Biology 5.35 (SE 1.646) 0.0052
BAS Part B change 0.9409
CAS change 0.0436 Sensory Biology 6.24 (SE 2.531) 0.0450
CAS Part A change 0.0661 Sensory Biology 4.43 (SE 1.767) 0.0407
CAS Part B change 0.0819
Content knowledge 0.1068

aSE = standard error
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Figure 3. Box plots show range and median of pre- and postinstruction scores by course (outliers denoted with asterisks). (A) Postinstruction
median scores on the content assessment are significantly higher than on the pretest for each course. The largest gains in improvement are
seen in the Sensory Biology and the Comparison Group (Biology II) course, in which 75% of the students postinstruction scored above the
pretest 75th percentile. (B) Neurobiology students consistently have higher BAS scores than students in the other courses. Sensory Biology
students show the largest increase in BAS scores postinstruction, with 75% of the students scoring above the preinstruction median score.
(C) CAS scores are a more variable assessment measure. Significantly increased CAS scores were observed among the Sensory Biology
students.

Individual change trajectories are plotted for each stu-
dent in the Sensory Biology or Organic Evolution course
(Figure 4). Observing each student’s BAS score at the start and
the end of the respective course demonstrates an overall posi-
tive change in attitude toward biology for most students. This
supports that an increase was reported for a large group of
students (as opposed to one to two students driving the signif-
icant change). As with any graphical summary, this does not
imply that every student did, or will in future studies, show a
positive increase in attitudes toward biology. Some students
indicated a negative change or no change in attitude score.

No significant improvement was observed in the BAS for
Neurobiology (BI 450) or Biology II (BI 106). It is worth not-
ing, however, that the overall BAS score for the Neurobiology
course at the start of the semester was higher, on average, than
that for the other courses, at either time point. Thus, these
students began the course with a strong positive attitude to-
ward biology. Recall that this is a 400-level course and most
students have completed more biology courses than those in
Organic Evolution.

Comic Book Attitude Scores
All groups showed comparable CAS scores on the preinstruc-
tion instrument. Only Sensory Biology showed a significant
increase in the median CAS score (overall, p = 0.0006; Part A,
p = 0.0031; and Part B, p = 0.0006) after using Optical Allusions.

Analysis of Variance
One-way ANOVAs were performed to assess whether the
mean change in BAS and CAS scores (overall, Part A, and
Part B) and in knowledge gain differed among the four
courses used in this study (Table 3). Course had a significant
effect on the mean change in BAS Part A (p = 0.0107) and the
overall change in CAS (p = 0.0436). The effect of course was
approaching significance for the mean overall BAS change
(p = 0.0586) and the mean CAS Part A change (p = 0.0661).
In each of these four analyses, the post hoc Dunnett’s test
found that the mean change for students in the Sensory Biol-
ogy course was significantly higher than for students in the
Biology II course.

Figure 4. Trajectory plots of changes in individual student scores on the BAS Part A for (A) Sensory Biology and (B) Evolution. The majority
of students showed a general improvement in attitudes between the pre- and posttest. Solid lines are students who scored above the median
on the content pretest, dashed lines are students who scored below the median on the content pretest, and dotted lines are students who scored
at the median on the content pretest.
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Figure 5. Scatterplot showing the as-
sociation between the BAS Part A
scores and the CAS Part A score for the
Sensory Biology class. Two trend lines
are shown; those who scored above
the class median on the content knowl-
edge pretest show no association be-
tween the two scores (dashed line, p =
0.749). Students scoring at or below the
median on the pretest content knowl-
edge show a positive association (solid
line, p = 0.030). Those who initially
knew less about biology seem to have
a stronger linear association between
BAS and CAS Part A scores, on aver-
age.

The Association between Attitudes about Biology
and Comics
The median CAS scores (overall, Part A, and Part B) were
similar among the three courses at the start of the semester.
At the end of the semester, a significant increase in the
CAS scores was observed within the Sensory course (with a
median increase in the overall CAS score of 6 points). Fur-
ther, the change in Part A of the BAS score (median 5.78)
is positively correlated with a change in Part A of the CAS
score (median 4.00; Spearman correlation of 0.496, p = 0.036).
Students who reported decreasing attitude scores on the CAS
tended to also report a decrease in attitude toward biology;
students who reported an increase in attitude toward comics
tended, on average, to show an increase in attitude toward
biology. The association between one’s change in Part A of the
BAS and one’s change in Part A of CAS seems to be related to
the student’s content knowledge at the start of the semester.
Figure 5 illustrates the association between change in atti-
tude toward biology and comics for those who scored above
the median on the preinstruction content instrument and for
those who scored at or below the median. The association
between attitudes toward biology and comics seems to be
stronger and more positive for those beginning the course
with less content knowledge (Spearman correlation 0.681,
p = 0.030); among students beginning the semester with more
content knowledge (content pretest scores above the median),
no association is observed (Spearman correlation −0.136,
p = 0.749) These results suggest that a graphic novel ap-
proach is positively received among nonmajors who begin
the course with lower content knowledge.

DISCUSSION

Years of pedagogical research and stacks of lavishly illus-
trated textbooks support the idea that words and pictures
work well together for instruction. The visual component of
comics is undoubtedly part of their appeal and might provide

a mechanism to improve student performance. When text and
images are combined, reading performance and retention
improves compared with nonillustrated text (Sones, 1944;
Gambrell and Jawitz, 1993; Carney and Levin, 2002). In fact,
coupling visual information with verbal explanations can
lead to more creative problem solving for some students
(Mayer and Sims, 1994). Comics have been used to promote
student literacy (Gorman, 2003; Tilley, 2008) and have been
shown to lead to other reading (Krashen, 1993), and most edu-
cators agree that reading is the primary predictor of academic
success (Krashen, 1993). In some literature courses, comics
seem to help high school students forge a more substan-
tial bond with the characters (Versaci, 2001). Finally, comics
tell stories. By scaffolding educational material with stories,
comics can make use of situational narratives to provide con-
text for material and thus a mechanism for improving stu-
dent learning (Dillon, 1981; Caine and Caine, 1991; Wirth and
Gamon, 1999).

The question we ask here is whether a comic book’s unique
blend of words, images, and storytelling can be used to teach
and engage students, in general, and among non–science ma-
jors in particular. It is important to note that the Sensory Biol-
ogy class was very different from the other three comparison
groups. The majority of students in Sensory Biology were so-
cial science majors in their first year of college. In contrast,
students in Biology II were primarily sophomore biology ma-
jors, whereas those in Organic Evolution and Neurobiology
were an even more rarefied group, consisting overwhelm-
ingly of senior biology majors. Given the constituencies, it
may not be surprising that the initial content mastery and at-
titudes about science seen in Sensory Biology are significantly
lower than those seen in the other three classes.

The Optical Allusions text was used in one introductory bi-
ology course for nonmajors and two courses for majors. A
significant increase in the median content knowledge scores
was observed in each of the four courses, suggesting that the
comic book was as effective at conveying information in the
three classes in which it was used as the more traditional
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textbook used in Biology II. Obviously, one might expect an
improvement in content knowledge after using any instruc-
tional materials. However, in a culture where comics still
carry a strong negative stigma, it is important to demonstrate
that comics didn’t actually cause a decline in student under-
standing.

Optical Allusions also engaged non–science majors who
started the semester with a lower opinion of science than
their science major peers. A significant increase in the BAS
was observed in the nonmajors Sensory Biology course (me-
dian increase of 5.5 points overall and 6 points on Part A) and
in Organic Evolution students scoring below the median on
the preinstruction content test (median increase of 2 points
overall and 4 points on Part A). No such change was seen be-
tween the pre- and postinstruction instrument for the Biology
II course (an introductory-level biology class) and Neurobi-
ology (a 400-level class composed primarily of seniors), in
large part because they were very high at the beginning. The
latter results may be indicative of a ceiling effect among these
upper-level majors.

The attitude shift in the major’s evolution class seems to
be due to a shift in the attitudes of students in the lower
half of the class. Students who scored less than the median
on the preinstruction content test had a significantly greater
improvement in Part A of the BAS than students who per-
formed better on the preinstruction content test. This signifi-
cant increase in attitudes toward biology, in conjunction with
a significant increase in content knowledge, suggests a more
positive role of the Optical Allusions text among nonmajors
and weaker biology majors than among strong biology ma-
jors, as no significant change in attitude toward biology was
observed in the Neurobiology course.

Of course, one potential concern for our interpretation of
these results is the possibility that the significant improve-
ment in BAS was a result of one or two students exhibiting
a dramatic attitude shift. If this were the case, such outliers
might obscure unchanged attitudes or an overall decline in
attitudes of the majority of students. For this reason, we as-
sessed trajectory plots of changes in individual student atti-
tudes. Although there are students in each class whose atti-
tudes toward biology decline after using the book, these tra-
jectory plots indicate generally positive trends by the majority
of students. This holds true when we examine the attitudes of
students scoring at or below the median on the content test,
indicating that the attitude gains in this group are not being
driven by one or two students.

These changes in individual student attitudes about biol-
ogy were positively correlated with changes in their attitudes
about comics. As the text-based biology content was pre-
sented in comic format, a positive association between one’s
attitude toward comics and biology may suggest that this
comic book could have played a role in influencing student
attitudes about biology. Taken all together, our results sug-
gest that, with regard to student learning, comic book stories
lose nothing to traditional textbooks while having the added
potential benefit of improving attitudes about biology.

Although these results are promising, a number of chal-
lenges and new questions need to be addressed. First, while
our comparison groups played a valuable role in supporting
previously established differences in biology attitudes be-
tween non–science majors and science majors (see Knight and
Smith, 2010), the attitude changes over time were more visible

for the nonmajors than the majors, the latter being rendered
less effective possibly by a ceiling effect. Second, future com-
parative studies will benefit from a well-defined control that
receives content instruction without a comic and a treatment
group that receives the same instruction supplemented with
an appropriate comic. We plan to do this with a more systemic
set of in-class and out-of-class experiments. Finally, we must
assess whether these results suggest comics in general can be
an effective pedagogical tool in the classroom or do they ap-
ply only to the book discussed here? Given the general appeal
of comics, images, and stories, it seems likely we are talking
about comics in general, but testing this with other comics
will be an essential next step. (For those interested in pursu-
ing this question in courses in other fields, one of us [J.H.] has
started a free web resource at http://comicbooksyllabus.com
designed to list comics suitable for use in the natural sci-
ences, social science, and humanities.) Second, we must de-
termine whether nonmajors’ attitudes improved because of
the comic format or just the fact that it used a situated nar-
rative to provide context for the information. Would em-
bedding content in a prose story be as effective or is there
something inherently motivating about comics that engage
students? Finally, to test the role of comics in general on
student attitudes, future experiments will benefit from more
precisely controlled experimental design, specifically creat-
ing randomly selected groups that share similar demograph-
ics. We are currently outlining experiments to examine these
questions.
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