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ABSTRACT

The purpose of this paper is to provide teachers with a guide to create educational comics
from curriculum resources they already have to enhance student learning. When at-level reading
comprehension skills are deficient, through low retention or barriers to language acquisition, it
creates a roadblock to understanding scientific concepts at proficient levels. By pairing at-level
scientific reading with constant visual cues, like that found in comic and graphic novels, two
modalities for learning are utilized to achieve scientific literacy simultaneously in a format that
students already recognize. When students have true scientific understanding, it makes them
more confident and better equipped to make decisions that ultimately will benefit society and the
world.
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CHAPTER ONE

INTRODUCTION AND BACKGROUND

Context of the Study

During the Middle Ages, it was only the clergy or upper echelon that were taught to read
and write. Schools as we know them today did not exist for the majority of the poor. Churches
were used to facilitate learning, but without the construct of reading or writing. One such church
was the Basilica of Saint Frances of Assisi in Italy which was constructed over the years 1239 to
1253 AD. In order to still teach the masses, the walls of its upper basilica (basilica superior)
were covered with frescoes that depicted various stories in the Bible. It was used as a center of
education to teach the Bible to an illiterate public using pictures.

Even in present-day schools, when children are first learning to read, they are taught
phonetics using pictures; for example, A is for apple, B is for bat, etc. Picture books are read to
children and are used to teach reading through the use of pictures. Students then progress to
reading books with very few pictures and a lot of text as they move from grade level to grade
level. Textbooks, aptly named for their text heavy pages, are used to impart knowledge to
students at the secondary and post-secondary levels. But is this the best way to teach scientific
concepts?

The educational landscape has changed vastly over the last decade. Students now have
more access to digital resources delivered through multiple platforms. With the invention of the
internet and subsequent streaming platforms, the use of textbooks, even digital ones to teach

concepts has become outdated. Students can view videos on the same concepts that they can read
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about in textbooks or articles. Information is now delivered to students in smaller chunks as to
keep their interest in a world full of distractions.

Unfortunately, this does not bode well for having a literate society. Students still need the
skills of reading and comprehension. They need to ascertain the meaning of what they are
reading and know how to apply the concepts they are learning to their lives. While videos
provide information, they do nothing to improve reading skills. In addition, traditional textbooks,
even those well-written and illustrated with the best pictures, do not hold the interest of students
maturing in a society of sound-bites and memes.

Visual narratives such as graphic novels and comics provide an opportunity to teach
concepts through pictures, but also with written dialogue and captions that encourage reading
and literacy. Plus, they are already quite popular. Bookstores and book fairs are increasingly
adding more titles that are graphic novels to meet the demand. Their use may provide a bridge
between textbooks with few pictures and videos with few words while supporting needed

literacy skills and engaging students with content.

Focus Statement

I utilized existing educational resources to create robust educational comics to teach,

review, and evaluate student learning of science concepts.
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CHAPTER TWO

CONCEPTUAL FRAMEWORK

The Comic Stigma

In 1933, the first comic book was inadvertently created with two employees from the
Eastern Color Printing Company took scrap of comic strips from newspaper and creating a
magazine with them. Between 1935 and 1954, their popularity grew. Some educators did see the
potential of the use of comics in the classroom. In 1944, W.W.D. Sones, a professor at the
University of Pittsburgh published “The Comics and the Instructional Method,” published in the
Journal of Sociology. He recognized that youth ages 8 to 14 were already quite interested in
comics and that educators might capitalize on this fact in the classroom. He recognized that the
combination of textual and visual elements could aid in memory and retention and cited several
studies that suggested this might be the case (Sones, 1944). Teachers even began to create
comic-supported curriculum. In 1949, a comic developed by the University of Pittsburgh and the
Comic Workshop of New York University, Puck - the Comic Weekly, was even placed in
hundreds of American classrooms to study their effectiveness (Hutchinson, 1949)

However, a psychiatrist in New York City, Dr. Frederic Wertham, stumbled upon comics
while studying troubled youth. He found that many of his subjects were reading comics, the
majority of which at the time depicted violence and horror in graphic form. He penned an
opposition to comics in 1954 by alluding to comics as an influence in the delinquency of minors.
As a result, prejudice against the use of comics by young people began. Opposition to their use

increased enough for Congress to convene a subcommittee on juvenile delinquency. Fearful of
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possible government censorship, comic book publishers formed the Comic Magazine
Association of America and established the Comics Code Authority, regulating the content of
comics. Comics came to be viewed as an entertainment, their subjects mainly focusing on the
supernatural or superheroes like Superman or Iron Man (Farinella, 2019).

In the late 1950s and 1960s, companies like General Electric produced several non-
fiction energy-related comics on subjects from electricity to jet power (Figure 1). These comics
were designed to advertise, clarify, and inform the public of the new technologies quickly
becoming available. However, these types of publications were not adopted by other companies
and were scarcely used. For decades, comics were viewed as a hobby for children or adult

collectors, but not as a possible tool for teaching, at least in the United States (Farinella, 2019).

| ADVENTURES- |

ADVENTURE
i ELECTRONICS

e

Figure 1. General Electric Comics Published in the 1950s and 1960s (mycomicshop.com).

Not so in Japan, where manga, the name given to Japanese graphic novels, had been
established in their culture in the late 19% century, first as black and white publications and

eventually being printed in color. Manga was expanded to not only be for entertainment
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purposes, but also for education in the form of science textbooks like the 2009 publication of The

Manga Guide to Physics used in secondary classrooms (Figure 2).

HIDEO NITTA
KEITA TAKATSU
TREND-PRO CO., LTD.

Figure 2. Cover and Pages from the Manga Guide to Physics Textbook (amazon.com).

In the United States, textbook authors have certainly recognized the importance of using
pictures or diagrams. More and more textbooks are written with colorful headings and printed
with vivid pictures and diagrams used to help explain all sorts of science topics not just from
physics, but every scientific discipline. However, it has not been until recently that graphics,
which provide visual narratives, have been seriously studied or even considered as tools in the

classroom (Price, 2013).

Graphic Novels to Teach Business

In 2013, undergraduate business students were engaged in two studies using graphic
novels to teach business concepts (Price, 2013). Each student group was given excerpts from

Atlas Black: The Complete Adventure, one group in the form of a traditional textbook and the
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other in the form of a graphic novel. The group exposed to the graphic novel were able to
perform better on a post-assessment, identifying direct quotes verbatim. In a related study,
students were asked to compare the experience to that of the textbook and found that 80% of the
students felt the graphic novel compared favorably to the textbook. Students did not feel that
graphic novels somehow did not provide the same content knowledge as the textbook (Short et

al., 2013).

Visual Language

In 2014, a cognitive scientist outlined how graphic novels and comics are written in a
visual language, much in the way a textbook could be translated into English or Spanish. Graphic
novels and their less lengthy cousins, comic books are considered visual narratives that provide
pictures and dialog or narration in a sequential order. This may help to explain the results of
Short et al in 2013. The structure of comic book panels provides the reader with a sequential
order of images and narratives that are clear. That clarity helps readers to connect with the
content in ways that text alone does not. Comics are not merely words with pictures, they are a

way to tell stories, depict metaphors, and help to visualize abstract topics (Cohn, 2014).

Comics Versus Illustrated Text or Infographics

In a 2019 study, distinctions were made between data comics, otherwise known as
educational comics, versus illustrated text and infographics basing their differences on two
criteria: 1) Text-picture-Integration - how close the pictures are to the text and 2) Reading
Guidance - how the reader is guided through the text (Figure 3). Illustrated text can be thought of

as modern-day textbooks where a picture is placed near the narrative passage it is referring to.
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Some guidance is given to the reader, but the pictures are not truly integrated with the text.
Infographics are the opposite. Text is integrated with lots of pictures, but the graphics provide
little sequential guidance to the reader. Comics do both, integrating pictures with text while

providing guidance to the reader on how to proceed in reading the narrative (Wang et al., 2019).

linear
Data Comics

g S%Og'fﬂge lllustrated

text

Infographics

non-
linear

separated integrated
Text-picture-Integration

Figure 3. Visual Communication Trends (Wang et al., 2019). On the x-axis, separated Text-
picture-Integration indicates that pictures are far removed from the text in which they referred
while integrated means that the text and picture seamlessly appear together. On the y-axis, linear
Reading Guidance indicates that the reader can easily follow a sequence of events as described
by the text while non-linear requires the reader to infer event sequencing.

In a similar study, three test groups were exposed to the same information using the three
different modalities; comics, illustrated text, and infographics. Participants were graded on their
ability to recall specific facts or quotes (3 points), general trends (2 points), and vague recall (1
point). The researchers found that participants exposed to comics scored 35% on recall, those

exposed to illustrated text scored 32% recall, and those exposed to infographics scored 30%



recall suggesting that reader guidance helps in comprehension. One to four weeks later, the same
questionnaire was sent to participants and the responses illustrated that comics caused subjects to
retain on average 55% of the information, followed by infographics at 43% and illustrated texts
at 41% (Figure 4), suggesting that comics might also increase the percentage of information

retention versus both illustrated texts and/or infographics (Wang et al., 2019).

60

40
30
20
10

COMICS ILLUSTRATED TEXT INFOGRAFHICS

mImmediately After Exposure ©1 to 4 Weeks After Exposure

Figure 4. Bar Graph Comparing the Percent Retention of Different Modalities.

Current Research on Comics

From an educational standpoint, comics may provide several advantages over textbooks.
Comics integrate text and pictures, they have a multi-modal nature that potentially can increase
reader engagement and learning, and given that some comics use characters and situations to tell
stories, students may relate to them facilitating an emotional connection with content and

facilitate retention. Comics have the potential to reach more people, specifically people who



9
might gravitate toward the graphic arts, but who would not normally be interested in scientific
concepts. Unfortunately, studying comics and graphic novels for use in presenting scientific
concepts in an educational setting has not been extensive. This project serves to test the use of
visual narratives such as comics or graphic novels in teaching science concepts and compare
their use to the use of illustrated textbooks on the same concept. It is the hope that this action
research project will help increase the understanding of the potential of visual narratives in the

classroom.

Envisioning Comics in the Classroom

It is important to make the distinction that educational comics as envisioned here are not
that of a Sunday comic strip nor that of a graphic novel. The intent is to pair the constant visuals
that comics provide with at-level reading so that the student can use both to make sense of
difficult scientific topics. With the on-demand thirty-second sound bites, Tik-Tok videos, and
Instagram posts that today’s students consume, chunking at-level reading with comic panels may

help to increase scientific literacy while strengthening reading stamina and comprehension.
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CHAPTER THREE

INSTRUCTIONAL STRATEGIES

Integrating Comics Within Existing Lessons

There are two tiers of instructional resources provided in this paper. The first tier includes
a variety of self-created templates intended to provide teachers frameworks for developing
educational comics for placement within a unit where the teacher finds they might be most
useful. Also provided are my examples of how these templates could be used to augment the
learning within a unit. Integrating comics can be as simple as using one comic panel to creating a
full comic page. They can be used to discern prior learning, identify misconceptions about
scientific topics, introduce concepts, as formative assessments, to review topics, or as a
culminating activity to evaluate student learning in lieu of a traditional summative assessment.
The second tier of resources provide a narrative on tools teachers can use to source both images

and grade level text to create educational comics from their own curriculum resources.

Assessing Prior Learning

A simple comic strip can be used as an informal pre / post assessment using the template
for Pre/Post Assessments (Appendix A). A formative assessment was created consisting of a
brief at-level paragraph summarizing four comic panels. It was then paired with a variety of
questions in which students use the visuals of comic panels to answer the questions instead of

using text-based questions alone (Figure 5).
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UNIT 7.21c | Reasons for the Seasons

As the Earth orbits the Sun, it experiences noticeable and predictable changes in weather throughout
its year. These changes may be felt as changes in temperature, changes in the amount or type of
precipitation falling, the length of daylight hours, and the solar intensity striking the suiface. Based
on your knowledge of Earth s seasons, answer the following questions:

1) Which images (pick two) begin with equal G}  Which image shows the seazon that occurs in
period: of daylight and nighttime? the Northern Hemizphers when the Earth iz
A) Winter ) Spring farthest from the Sun?
B} Summer D} Autumn. A Winter ) Spring
B Summar D} Aunumn
2)  Which image reprezents the 3eazon that start:
with the longest day of the year? T} Which image shows the seazon that occurs in
A) Winter ) Spring the Northern Hemisphere when the Farth i
B} Sumumer D) Aunumn chozest to the Sun?
A) Winter C) Spring
3)  Which image reprezents the :eazonm that start: B Summar D} Aunomn
with the shortest day of the vear?
A) Winter ) Spring &) Which image represents the season when the
B} Summer O Aummn Earth gets the least direct sunlight?
4) Winter C) Spring
4)  Which images (pick two) represent seazoms B Summar D} Aunomn
that begin with an equinox?
A) Winter ) Spring 8)  Which image represents the season when the
B} Summer O Aummn Earth gets the most direct sunkight?
) Winter C) Spring
5)  Which images (pick two) represent seazoms B Summar D} Aunumn
that begin with a solstice?
A Winter ) Spring 10}  What causes Earth’s zeazons fo change
B) Sumumer D) Aunumn throughout the vear?
(all fmages zenerated with ChatGDT) Fra | Post Assessment | Feasons for the Sszsons

Figure 5. Pre / Post Assessment | Reasons for the Seasons

The same assessment can be used after students have engaged in lessons or labs designed
to inform the students that it is in fact the tilt of the Earth and not its proximity to the Sun that
causes the seasons to identify whether remediation, reteaching, or enrichment is needed moving

forward. The key to this assessment is provided (Figure 6).
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UNIT 7.21c | Reasons for the Seasons KEY

As the Earth orbits the Sun, it experiences noticeable and predictable changes in weather throughout
ifs year. These changes may be felt as changes in temperature, changes in the amount or fype of
precipitation falling, the length of daylight hours, and the solar intensity striking the surface. Based
on your knowledge of Earth’s seasons, answer the following questions:

1) Which images (pick two) begin with equal )  Which image shows the seazon that occur: in
periods of daylight and nighttime? the Northern Hemisphere when the Earth i
A) Winter C) Spring farthest from the Sun?
B} Summer D) Autumn A Winter ) Spring
B) Summer D) Aunumn
2)  Which image represents the season that starts
with the longezt day of the year? T}  Which image shows the zeazon that occurs in
A) Winter C) Spring the Northern Hemisphere when the Farth is
B) Summer O Awhamn chozest to the Sun?
A) Winter C) Spring
3)  Which image represents the seazon that starts B Summar D}y Aunumn
with the shortest day of the year?
A) Winter ) Sprinz 8) Which image reprezents the seazon when the
B} Summer O Awhamn Earth get: the least direct sunlight?
A) Winter C) Spring
4)  Which images (pick fwo) represent seasons B) Summar D) Aunumn
that begin with an equinox?
A Winter C) Spring @)  Which image reprezents the seazon when the
B} Summer D) Autumn Earth gets the most direct sunkight?
A) Winger C) Spring
5)  Which images {pick two) represent seasons B) Summer D} Auhumn
‘that begin with a solstice?
A) Winter C) Sprinz 10) What canzes Earth’s seasons to change
B) Summer O} Awhamn throughount the vear?

Fhen the North Pole tilz soward the Swy, the Northern
Hemisphere getr move direct sunlight and longer doys,
creqing summer. Six months farer, when the Novth Pele tlts
awdy §f resudss fnwinzer, with shorter dayr avd less sunifghe.

(all images ganerated with ChatGPT) Pre / Post Assessment | Reasons for the Seasons

Figure 6. KEY to the Pre / Post Assessment | Reasons for the Seasons

Identifying Misconceptions

Misconception probes are an excellent way of identifying gaps in learning so that these
gaps can be addressed in the upcoming lesson or revisited through remediation. They guide

instruction by gathering information on how students have connected to the concepts they have
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been taught and if those connections demonstrate an accurate understanding of the concept
(Keeley, 2005). An example was created using the template for identifying misconceptions

(Appendix B). Comic panels can be used to illustrate this phenomenon (Figure 7).

Foszils on Mt. Everest

Many hikers on Mt Everest, have noticed that there are foszils of
ocean creztures that lived long ago on the mountain Given that
Everest is 3.5 nules above sea level, how can these fossils exist?

FossiLs on MT. EVEREST

N
s

W

./"fl"

£
k)
Y
INE
L

5

L

o

Climbar #1 - Thers must have been a buge tunami wave that washed
the fozzls up from the ocean and they wers deposited an the top of Mt
Ewerest when the watar wazhed back into the ocean.

Clirnbar =2 - The top of Mt. Evarast was once undar water, it over
time az the mountain was pushed upoward and srew taller, the fossils
were pushad upward too.

= Climbar #3 - With all thiz snow, the climb gets a littls monotonous, so
the zherbes (zuides) scatter foszils around the mouniain at the beginning
of every szason for the tourist to fnd.

(imaze senerated with ChatGPT)

Which smdent do you asree with? Describe vour reasoning.

After reading, which student do vou agree with?

Trite a paragraph balow explaining the phenomena now that you know more sbout it

Fozzils on Mt Everest - Mizconception Probe

Figure 7. Misconception Probe | Fossils on Mt. Everest
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Once students have identified the person with whom they agree and written their
reasoning, teachers can revisit the topic either that day or later within the unit by provided the
“antidote” to the misconception, the accepted explanation of the phenomena (Figure 8). Student

can then revisit their previous thinking and write a summary of their new understanding.

Fesgils on Mt. Everest

MARINE LIFE IN
THE TETHYS OCEAN

S0 MILLION YEARS AGOD

UPLIFT OF THE
EURASIAN PLATE

FossiLs oN MT. EVEREST

',

(all images gensrated with CharGPT)

The Tethvs Ocean / Marine Life

Millions of vear: ago, long befors
the Himslsvas existad, 3 vast body
of water called the Tethy: Ocean
stratched betwean the landmazzas
that would become India and Asia.
Thiz ocean was: home to 2 wide
variety of marine life, including
ammonites, brachiopods, and
crinoids. Thass crestaras lived in
the shallow, warm zeas and l=f
bahind shells and skaletons when
they died. Over time, their remains
zattled on the ocean floor, slowly
becoming buried by layars of
sedimant. Thess sediments
eventally hardened into rock,
forming foszil-rich lavers on the
zaafloor. The Tethys Ocean existad
during nmch of the Mesozoic Era,
which lasted from about 250 1o 6§
million vears azg.

Flate Collizion / Uplift of Foszils

Around 50 million years ago, the
Indian Plate began moving
northocard and collidad with the
Eurasian Plate This powerful
tectonic force canzed the seafloor
between the two plates to crumple
and rise, creating the Himalavan
mountain range, including Mount
Everest. Az the land was uplifted,
the ancient seafloor rocks
containing marine foszils were
pushed higher and higher,
eventually formimg part of the
highest mountsin on Earth. Thesza
once-desp ocean fossils are now
found thouzands of meters above
sea leval. The event is a dramatic
exampls of how plate fectonics
can reshape the Earth’s surface and
transport ocean floor rocks o
exirame altitndes.

Fozzils on Todav’s Mount Everest

Today, Mount Everest stands at
8,348 meters (29,029 feef) and iz a
popular but danzerous destination
for climbers from around the
world. Along its slopes, espedally
in a rock laver known as the Yellow
Band, climbers and zeologists have
dizcovarad marine foszils
embadded in the limastona. Thass
fozzils zarve as sriking evidence
that Everest was ence underaatar.
The discovery of these ancisnt
marine remains help: scisntists
undarstand both the ragion’s
geologic history and the powerdial
proceszes that shape our planst. For
climbers, it's a breathtaking
thought: while standing on top of
the woorld, they are litsrally walking
on the remaing of an ancient
zeafloor.

Foazilz on Mt. Evarast - Misconception Probe

Figure 8. Explanation Misconception Probe | Fossils on Mt. Everest
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Introduction of Concepts

Comics could be used to introduce a concept as pre-reading to a section of a textbook
chapter used traditionally. In this case, rather than mostly a text-based reading with perhaps a
picture provided somewhere on a textbook page, the panel is paired with the at-level reading.
Questions are provided so that students reflect on what they have learned from the comic. An
example was created using the template for concept introduction (Appendix C). This example
introduced the different theories about how Earth’s moon was formed. The comic could be used
to briefly discuss the theories prior to discussing them more in depth in a lesson or as part of an

investigation (Figure 9).
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The Formation of Earth’s Moon

The Fiszsicn Theory: One
early idea muggested that the
voung Earth spun so quickiy
that 8 pisce of it broke off and
formed the Moen. This theory
aimed to explain similarities
in compositon betwean Earth
amd the Moon. However,
acientists Latar deterrnined that
Earth would have naedad to
3pin at an unrealistically high
spead for thiz to happan,
making the theory unlikely.

The Capturs Theary: This
theory proposad that the
Moon formed elzawhere in
the solar svstem and was
later captured by Earth's
aravity. While thiz could
explain diffsrences in
composition, capturing
zuch a larze body into 2
stable orbit without it
crashing or escaping is
highly improbable, given
how large the moon iz,

The Co-Fonmation
suggests that Earth and
the Moon formad
together from the sams
cloud of gas and dust in
space. It explainz some
similarities in their
camposition. However,
the MMoon lacks the sama
ratio of elements 33 thoza
found on the Earth
making this less liksly.

(all mages gensrated with ChatGFT)

The Giant Impact
Hypothesiz: The most
widsly accepted theory
today is that & Mars-sized
body, named Theia,
collided with the early
Earth. The impact ejected a
vast amount of debiris into
orbit, which evenmually
cornbinad to form the
hoon. This explains the
hoon's composition and its
orbit around Earth.

Questions:

1. What evidence disproves the Fission Theory of the Formation of Earth’s Moon?

-

What evidence disproves the Capture Theory of the Formation of Earth’s Moon?

3. What evidence disproves the Co-Formation Theory of the Formation of Earth’s Moon?

4. Which theory above is currently accepted by the scientific community?

Formation of Earth’s Moon - Concept Introduction

Figure 9. Concept Introduction Student Worksheet | Formation of the Moon

Utilizing simple questions help students to reflect on what they have read and allow the
teacher to quickly ascertain whether the basics of the concept have been assimilated by the

student (Figure 10).
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The Formation of Earth’s Moon

KEY

The Fizsion Theory: Ons
early ides muggested that the
voung Earth spun so quickly
that 3 pisce of it broke off and

formed the Moon. This theary

zimead to sxplain similaritiez
in composition betwean Earth
and the Moon. However,

srientizts Later deterrninad that

Earth would have naeded to
=pin at an unrealistically high
zpead for this to happen,
making the theory unkilkely.

The Capturs Theory: This
theory proposed that the
Moon formed elzewhere in
the solar svstem and was
later capturad by Earth's
aravity. While this could
explain diffsrences in
Composition, capturing
zuch a large body into 2
stable orbit without it
aszhing or escaping iz
highly improbable, given
how large the moon is.

The Co-Fonmation
suggests that Earth and
the Moon formead
together from the same
cloud of gas and dust in
space. It explains soms
similarities in their
ocompozition. However,
the Moon lacks the same
ratic of elements as thosa
found on the Earth
making thiz less likely.

(all images

The Giant Impact
Hypothesiz: The most
widsly sccepted theory
today is that a Mars-sized
body, named Theia,
collided with the early
Earth. The impact gjected &
vast amount of debris into
orbit, which eventually
combined to form the
Moon. This explains the
Moon's composition and itz
orbit around Earth.

genersted with ChatGET)

Questions:

1. “'hat endence d.lspru-\ es tlle Flsswn Theory of the Formation of Earth’s Moon?
11y off and make the moon, the Earth would have fo be

3

The moor

C&:ﬂ.’h’.“?m meleoroid I

0 "'.l .;..6{,‘?‘5..

would be very

What evidence disproves the Capture Theor\r of the Formation of Earth’s Moon?

!d."' lf?Lﬂ?‘ll'll.’,‘:dC?"

3 “'Imt evidence d.lspru-\ es the Co-Formation Theory of the Formahon ofE:mh’s Moon?

The moon ar

il the Earth do rot have the same ’ﬂ"OO‘FQ‘?‘?"?"

Formation of Eanth's hoon - Concept Introduction

Figure 10. KEY Concept Introduction Student Worksheet | Formation of Earth’s Moon

Checks for Understanding

Comics can be used to assess student learning as a check after a lesson or concept has been
taught. In this case, students are presented with a comic and then asked questions that illicit an
understanding of what a comic might be depicting about a concept. The idea is that a student should

be able to analyze the comic, determine how it relates to the concept, and in some cases whether
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the comic is actually portraying the concept correctly. An example was created using the template
for a check for understanding (Appendix D). The latter suggests a deeper level of understanding

than merely identifying a concept or figure (Figure 11).

UNIT 7.21a | Lesson 3: Ph f tha Moon

Should | be worried
about the moon?

Nah, it's just
a phase.

cept that this co

What is the

"What phase iz the moon pictured in the comic CURRENTLY m?

What would be the WEJXT phaze in the lunar cyele?

et the moon? Why o

If 50, how do you know? If not, what needs to be chanzed?

Claszs reflection:

Phases of the Moon - Chack for Undarstanding

Figure 11. Check for Understanding Student Worksheet | Phases of the Moon
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A teacher would ideally give this worksheet to students following a lesson about the lunar
cycle and the its phases, allowing students time to analyze the comic panels and answer
questions before eliciting answers from the class and facilitating a class reflection to ensure all

students ultimately understood the comic and its connection to the concept (Figure 12).

f the hMoon K_E‘Y.

UNIT 7.21a | Lesson 3:

Should | be worried
about the moon?

Nah, it's just
3 ) . The darkness i<
a phase. " - . taking over me

What i= concept is the comic about or
It iv depicring tfar the armannr af s
second half af i lunar eyels.

s i

What pi tha
The moor piemy

What would be the phazs in the onar
The nextphass world be a firse guarier moeei
illuminared by che S

ctuzlly '[al-. ng over the moon” Why ot?
3 ing phases end fIrst grarie ases af the firse half of the Inmar eyel
iy increasing on n« £ mosn each night wnnl e ffll moon.

witen sunlighs

mect? If so, how do vou kmow? Ifnot, what needs t changed? N not correce The
on abave wonld need fo frave been dravwn on the loft side af the moom in order o be correct.

volves aronnd the
e of the mearsids of

The comic above conveys the conce m-ufa-m 5 moon goes through phases

Earth. The moon chove crescent phase in which the

oM iT mor guite i o Snn. The nexce phase qf e moon 1d be the Jfirst guareer
wonld be the case, ¢ sunlight is increasing on the moon. The cophon sezres tiar

g over the maan but acrually Bghe wonld be taking over the moon, so the comic is

derimess is t2
incorrect In order for the cor‘.c 18 be drawm correcty, the illusrator would ve nsedsd e draw the moons
hair on the opposite side of the moon.

Phazes of the Moon - Check for Understanding

Figure 12. Phases of the Moon — Key to Check for Understanding Student Worksheet
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Reviewing of Concepts

Instead of assigning a summary reading or reading guide before a summative assessment,
educators can create a comic style review utilizing the same text, but also adding strategically
placed comic panels throughout the reading. These panels provide visual clues and break up the
reading to increase stamina all while still having students practice reading at their appropriate
grade level. An example was created using the template for concept review (Appendix E) to
create a review on how surface water becomes groundwater (Figure 13). The teacher can then
add questions about the content, have students define words or describe processes using clues
from the text, or use existing questions from their own textbook resources.

Another way this could be used is to provide the text and have a student group create the
comic panels to accompany the text, assigning different panels to different students within the
group. In this instance, the review utilizes high-thinking skills to demonstrate sense-making
through drawing instead of merely writing a response to a question. Or comic panels could be
given to the student group and the students would be instructed to create the text that describes
the panel. This also invokes high-thinking skills and supports writing skills. Students could be
asked to generate different Depth of Knowledge (DOK) level questions to accompany their
review. Student can generate DOK 1 (questions requiring basic define and recall questions
responses), DOK 2 (questions requiring classification, compare/contrast, interpretative
responses), or DOK 3 (questions requiring analysis, interpretation, inference, and development
based on evidence). These comic concept reviews could be shared amongst groups of students to

be critiqued and improved upon through peer review.
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How Surface Water Becomes Groundwater

When peaple think of
rivers or caves filled with
water deep undersround
And while, thare are
definitely caves that have
water in them, water in
the zround is mare likely
o be wapped between the
ampty spaces bamvean
graing of =01l or rock
fragments of sediment
lawars under our feet

As the droplets move
downward, they stick
together dus to 3 property
called cobesion, where
watar melacules are
atracted to 2ach other.

The positive charges of the i's
bvdrogen atoms are )
attracted to the nesative
charge of the omyvgen atom
to help pull the watar
molecules deeper.

A sediment laver that permits water to percolate
through it, is called permeable while s laver of rock
that doss WOT parmit water to pass throush it, iz
called impermeable 5and and mud allow water to
percalats, whils past holds water and clay does not
alloy much percolarion at 2l
(o Bu Sl F. e’
O B GaRosToNE MBS YL
h‘.&“-ll) '“(‘._m.

2 - ¢ & & £

(&l mages generated with ChatGPT)

When precipitation falls to the
eround, water droplets begin to
enter the top lavers of zoil. The
process is call infilration.

‘mu
.. .‘ Gravity then pulls these watsr
droplets through the tiny pors

spaces found in the oil to desper

soil lavers underground through a
process kmown a: percolation.

Some layers have more pore
spaces than others. Porositviza
meazure of how many of these
spaces a layer has

As the water moves deaper, it
‘pazzes throush the zone of
aeration, where spaces
betwaen soil particles ars
mostly filled with air.
Eventually, the water reaches
the zone of saturation, where
all the pors spaces are
completaly filled with water
and recharges or adds to the
aquifer.

The top surface of this saturzted zone i= called the water table,
and marks the top of an aquifer. By monitoring surface water,
hvdrolazists can also monitor our the watar in our aquifers.

THE WATER TABLE IS BOTH THE TOP OF
AN AQUIFER IN THE MOUNTAIN AND THE
TOP OF A LAKE

How 3urfacs Water Becomes Groundwater - Concept Feviaw

Figure 13. Comic Panel — Concept Review | How Surface Water Becomes Groundwater
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Utilizing Comics as a Non-Traditional Assessment

Educational comics can be used as an alternative to a standardized test. Having students
create comic panels with accompanying narratives, requires students to synthesize their learning
and represent the concepts in a concise and meaningful way. Creating comics engages both
verbal and visual learning styles. Verbal learners gravitate to the construction of narratives while

visual learners gravitate to the drawing of comic panels.

Concept Wall

Educational comics can be used to create a concept wall that can be displayed as the class
advances to more complex concepts, similar to creating a word wall to remind students of
previously defined vocabulary words. For example, students could be tasked to create comic
flyers about several basic geology at the end of a quarter that focused on basic geology concepts.
A grading rubic (Appendix F) and a variety of concept wall templates from which to choose
(Appendix G) could be provided to each student. Students then produced an educational comic
on their assigned concept. Concepts included classes of rocks, types of mass movements (Figure
14), characteristics of minerals (Figure 15), types of chemical and physical weathering, crystal
systems, rock cycle processes, etc. Student products were displayed around the classroom as
scaffolding as the class engaged with more complex topics such as the layers and composition of

the Earth, plate tectonics, and resources.



Figure 14. Example of Comic Wall Comic | Four Types of Mass Movements

Figure 15. Example of Concept Wall Comic | Five Characteristics of Minerals
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Gallery Walk
The concept of a gallery walk is not new. Usually, students are assigned a topic and
tasked to create a whiteboard or a poster. Once students have had time to research the topic and
create the product, they then walk the gallery gathering information from the products of other
students. As an end to the unit on plate tectonics, each student could be given a location on the

Earth and a template on how to construct the product (Figure 16).

Write the name of your location here

{ Write a brief narrative here explaining the
i following based on your map-view: :
e names of plates involved

e directions of plate movement :
e latitude and longitude of your location :

Draw a cross-section of the interior of the Earth
at your plate boundary.

On this cross-section label the following:
e layers of the Earth

all geologic landforms

name of plate(s) involved,

direction of movement

any ocean if present

| Write a brief narrative here explaining the
following based on your cross-section:
: e type of plate tectonic boundary
! e process involved

e geologic activity occurring
: o directions of plate movement

e landform created as a result of this
movement.

Draw a map-view of the surface of the Earth
at your plate boundary.

On this map label the following:
layers of the Earth

all geologic landforms
name of plate(s) involved,
directions of movement

] any ocean if present

Template - Gallery Walk

Figure 16. Template for Gallery Walk Comic | Plate Tectonic Boundary

These locations would be indicative of convergent, divergent, transform, or hot spot plate

tectonic activity. Students could then exchange products, provide feedback, and then be able to
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correct any mistakes before turning in a finished product for grading, like the example below

(Figure 17).

Figure 17. Example | Plate Tectonic Gallery Walk Comic

Using student constructed comics either as a concept wall or gallery walk or as any other
culminating activity in which students need to synthesize information using different modalities,

the pay-off can demonstrate a deeper level of learning than a simple multiple-choice assessment.
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CHAPTER 4

PROFESSIONAL REFLECTION

Integration

As with all types of activities and modalities educators utilize to teach their students,
being successful at integrating comics into existing lessons involves deciding where they will
have the greatest impact for the wanted outcome. Teachers make these decisions every day as
they plan their lessons and evaluate the scope of sequences of the subjects they teach. What
makes comics different is that resources are not readily available even with the wide range of the
internet. As the topic becomes more complex, existing resources become that much more
difficult to find. Educational comics are just not available. So, in many cases, teachers who see

value in using comics will need to make the resources themselves.

Grade Level Text

Resources for grade level text are readily available. Textbooks usually have section or
chapter summaries and tend to have well-written passage even if the images within the textbook
are few and far between. These can easily be chunked so that the writing pairs nicely to a comic
panel. Narratives can also be written from scratch or by asking artificial intelligence (AI)
websites to generate text specifically for a comic panel. Below is the prompt I used with
ChatGPT to generate a basic narrative for the Conception Introduction — Formation of Earth’s
Moon:

Generate a comic strip based on the following script, depicting the incorrect theories of

how the moon was formed with the correct theory. Though there have been many theories
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as to how the moon formed, scientists now think the moon formed after a large object,
about the size of a planet, hit Earth. The moon does not contain the same rock at the
Earth so it cannot have been formed at the same time and it is too big to have been a
captured meteoroid.
Text passages can be sourced much faster than images and I found it easiest to create a
spreadsheet with the topic, allowing spreadsheet cell for each narrative passage. This reminded
me to find an image for each passage. Narratives should be three to five sentences per comic
panel to practice reading, but not overwhelm the student. Remember, these are educational
comics and not to be confused with the fragmented text that accompanies comics for recreational

purposes.

Images

Single comic panels, i.e. a cartoon or meme, are easy to locate with a Google image
search. Once found, teachers can simply attach a narrative around the meme or cartoon to create
the type of comic they need. I did this for the Check for Understanding — Formation of Earth’s
Moon (Figures 7-8). These types of comics usually required one or maybe two images. But in
the case of more elaborate comics, where multiple panels are needed, finding images is difficult.

ChatGPT does generate images by selecting the Create Image function and teachers can
type a prompt of their own making or ask the Al tool to generate images based on the narrative
the teacher asked ChatGPT to create. Users can ask ChatGPT to generate images in a certain
style (comic) or like a certain artist (Warhol). If it generates one image that you like, you can
copy that image, paste it from ChatGPT back into the prompt section, and ask ChatGPT to

generate other images with a different prompt in the same style. I did this for the Misconception
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Probe — Fossils on Mt. Everest as well as the Concept Introduction — Formation of the Moon
(Figures 3-6). It is extremely versatile.

But what if ChatGPT does not generate the image you were hoping for? This happens
often, but ChatGPT has built-in a way to allow the user to amend the generated image. The user
first needs to click on the generated image. This brings up a different prompt: “describe what
you what to add, remove, or replace...” underneath the generated image. The user can then type
instructions to add or remove a label, change where the label appears, change the color of the
diagram, generate the image in a different style or with a larger or smaller font or even a

different font.

Constructing Comics

Logistically, appendices A-F have been provided as possible templates to creating comic-
based resources for a variety of uses within the classroom, but they are in no way the only
formats in which a teacher can construct educational comics. The templates can be flipped in
different orientations, comic panels or text boxes added, deleted, extended, or reduced, and the
sizes of the templates themselves can be changed. I would recommend that when constructing
comics, that the teacher create a template from each comic they make for future use so that they
might change the comic panel and questions without re-inventing the wheel so-to-speak.

Once the text passages and comic panels have been sourced or created, creating the
educational comic comes down to space, especially if the comic is to be printed rather than
assigned digitally. The intent of educational comics as described here is to help students make
sense of scientific concepts while using at-level text, more complex than what one would find in

a graphic novel or on in a comic strip of the Sunday newspaper. Text needs to be concise to fit
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what the panel is depicting, but complex enough practice reading comprehension skills. As the
students increase their skills at using educational comics, so to will the skills of the teacher

creating them.

Other Resources

When [ originally started this project in 2020, resources for constructing comic panels
from scratch were really limited. Finding images or cartoons was easy, after all, every educator
knows how to use Google, but if a teacher wanted to create something specific on a process or
concept, they might have to enlist the help of a colleague in the art department. Within four

years, Al tools have made creating images and narratives much more accessible.

Achieving Quality Student Products

Not all teachers are artists. This holds true for students as well, but educational comics
created by students engage critical thinking skills. Students must decide what to comic panel to
draw and how to describe it in a concise manner, discerning what details are truly important.
Like all skills, constructing comics from scratch needs scaffolding and as these skills are
practiced, the products will improve. Simply giving students a simple rubric to follow like in
appendix F or template like those provided in appendix G, can be an easy starting point for
students to begin constructing comics of their own. As they practice over the course of a school
year, teachers can require more of them by making the rubric more complex and removing a
structured template until the students are really making educational comics that have complex

drawing with robust grade level narratives.



30

Student Engagement

Probably the most telling part of using comics will be the level of student engagement
and comprehension. My suggestion would be to conduct action research by creating materials in
text-based and comic-based modalities. The control group would be given the text-based
material and the test group the comic-based material. The researcher could then measure the
level of engagement through time-spent, accuracy, and/or percent completion. Retention might
be measured by assessments given immediately after the introduction of materials and weeks
afterward. Students could be given surveys to discuss which type of modality they felt more
comfortable with or that they felt they understood easier. Perhaps this is a topic a future MSSE

candidate might pursue.

Professional Development

By no means does this paper cover all the possibilities of using comics within a class
setting, but hopefully it provides a starting point with which an educator could start to utilize
comics in a way that supports at-level reading comprehension, increasing scientific literacy
through media that students already recognize and gravitate towards.

For myself, I really would like to investigate some of the more specific graphic design Al
tools to create educational comics to actually make the educational comics that just are not
available as resources for teachers. Based on the research, I do believe, if constructed with well-
drawn pictures and narratives that are concise and at-level, educational comics could be used to
create more scientifically literate students and thus, by default, a more scientifically literate

public.
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APPENDIX [Al

TEMPLATE — PRE / POST ASSESSMENT



[insert title - i.e unit, subject, eic]

[insert comic panel here]

A

[insert comic panel here]

B.

[insert comic panel here]

C.

[insert comic panel here]

D.

text referving to panel
giof

[text referring to panel]

[text referring to panel]

[text referring to panel]

Questions:

[Type 5 to 10 guestions of varving complexity to glean student understanding of marerial before and

after teaching]

Template - Pre/Post Assessment
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APPENDIX B

TEMPLATE — MISCONCEPTION PROBE
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[insert title - i_e unit, subject, eic]

Scenario:

Class reflection:

[insert comic panel or panels here]

Class reflection:

Class reflection:

Which individual do you agree with? Describe your reasoning.

After reading, which individual do you agree with?

Write a paragraph below explaining the phenomena now that you know more about it.

Template - Misconception Probe
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APPENDIX C

TEMPLATE — CONCEPT INTRODUCTION
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[insert title - i.e unit, subject, efc]

text referring to panel
: g lo

[text referving to panel]

[1ext] referring to panel]

[rext referving ta panel]

[insert comic panel here]

[insert comic panel here]

[insert comic panel here]

[insert comic panel here]

[Questions - texi-based, inference, or comprehensivef

Template - Concept Introduction
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APPENDIX D

TEMPLATE — CHECK FOR UNDERSTANDING
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insert title - i.e unit, subject, etc
Y

[insert comic panel or panels here]

- see EXAMPLE

BELOW]

What 15 concept 15 the comic about or try

Is the comic correct or incorrect in its

lepiction of the conce

Why

vhy not?

Why is the comic funny?

Could

e comic be improved and if so, how?

‘What

5 this comic making?

Class reflection:

Template - Check for Understanding
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APPENDIX E

TEMPLATE — CONCEPT REVIEW
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[insert title - i.e unit, subject, eic]

[insert comic panel here]

[text veferring to panel]

[text referving 1o panel]

[insert comic panel here]

[text referring to panel]

[text referring to panel]

[insert comic panel here]

[insert comic panel here]

[text] referring to panel]

[insert comic panel here]

[insert comic panel here]

text referving to panel,
g0 f

Template - Concept Review
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APPENDIX F

RUBRIC — CONCEPT WALL
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APPENDIX G

TEMPLATES — CONCEPT WALL
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APPENDIX H

TEMPLATE - Plate Tectonic Gallery Walk
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