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ABSTRACT
Drawing was an activity that was common in science classes in the early 20th
century. The students of today live in a world where making an image can be done
effortlessly with the cameras they have access to in their cell phones. Recently there has
been renewed interest in the use of drawing to enhance memory and understanding of
scientific phenomena. The purpose of this research study was to see how drawing
impacted student comprehension of Earth science concepts. Sub-questions addressed by
the study were if students could improve in creating scientific drawings, if their attitudes
about using drawing to learn would change as a result of drawing treatment, and if their
engagement and enjoyment of Earth science would increase. The study was conducted
for a period of 10 weeks in a 9th-grade Earth science classroom. The population of
students was split into two treatment groups. While in the treatment period students were
asked to create drawings of selected Earth science topics before any reading assignments
or class discussion. Students were then asked to create a second drawing after an assigned
reading and discussion of the same topics. Students not in the treatment group were not
required to draw and received direct instruction through presentation slides and
discussion. Each group was exposed to two rounds of treatment and two periods of nontreatment. A variety of data collection instruments were used in this study to compare the
two groups quantitatively, including pre- and post-test scores, quiz scores, and a
standards-based drawing rubric. Qualitative measures used to assess student attitudes and
enjoyment included surveys, student interviews, and a journal of observations kept by the
instructor. Results of the study showed that drawing did impact comprehension of the
selected Earth science topics positively. Although student attitudes about drawing
remained mostly unchanged, many indicated that they planned on using drawing to help
them study for tests in the future.
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INTRODUCTION AND BACKGROUND
Glendive, Montana is so far from major population centers that in early 2018 it
was featured in a The Washington Post article as being one of the towns in America that
can be considered the middle of nowhere. For towns with populations ranging from 5,000
to 24,999, Glendive ranks second in the nation for places that are the farthest from a city
with a population of 75,000 (Van Dam, 2018). Glendive is in the Yellowstone River
Valley of far Eastern Montana. It sits near the entrance to Montana’s largest state park,
Makoshika, a badlands landscape rich in dinosaur fossils. According to the U.S. Census
Bureau (2016), the population estimate for Glendive city is 5,332. The Census Bureau
does not include West Glendive’s population of 2067 in their estimate, but it greatly
factors into the student population of the school system. The median household income
for Glendive is $48,962 (city-data.com, retrieved March 29, 2018).
I teach five Earth science courses and one geology course at Dawson County High
School (DCHS) in Glendive, Montana. The number of students enrolled at DCHS is
currently 353. Much like the town of Glendive, 90% of the students are Caucasian.
Twenty-six percent of DCHS students receive free and reduced lunch (A. Sadorf,
personal communication, January 23, 2019). This will be my 23rd year of teaching at
DCHS and 29th overall. DCHS requires students to take two credits of science to meet
graduation requirements. Earth science is typically an entry level class taken by ninthgrade students. Geology is taught as a dual credit, elective course for junior and senior
students.
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As I finish a unit of study in the classes I teach, I often stress to my students that
unless you can tell another person about what you have been studying, you have not
learned the material. Demonstrating what one has learned can take many forms and is
often related to a person’s learning style. Earlier this year I conducted a Classroom
Assessment Technique (CAT) called the Self-Assessment of Styles of Learning. The
results showed me that most of my students identified themselves as either kinesthetic or
visual learners, which means they either need to physically manipulate information or see
it to learn effectively.
The results of the CAT did not surprise me. I have experience with highly capable
people who are both visual and kinesthetic learners. Several years ago, I suffered a
debilitating ruptured disc in my back that required a surgical procedure called a
laminectomy. In the pre-surgical meeting, the neurosurgeon put my mind at ease by
making a quick, yet informative sketch showing me the procedure. I was impressed at
how he made something that takes great knowledge and years of practice look easy. I
knew by that sketch that he understood what he was doing. He could visualize what the
process entailed and then kinesthetically perform it.
In the summer of 2017, I had the opportunity to take two geology classes taught
by Professors David Lageson and Callan Bentley. Both instructors were adept at using
similar, simplified drawing methods to illustrate complex geologic processes. Much like
the neurosurgeon that did my back surgery, I immediately gained respect for these
teachers’ expertise in their field. I knew that these professors had mastered their subject
because they were able to convey their ideas in a sketch that a diverse group could

3
understand. The professors made note of the importance of having students make
annotated sketches to document information in the field. During one of the lectures in the
field, Professor Lageson suggested that the connection between drawing and learning
would be an interesting research topic.
My learning experience with these two professors led to the creation of my focus
statement. How does the use of drawing impact comprehension of Earth science
phenomena? The research also addressed the following sub questions:
1. Can students improve their ability to make scientific drawings?
2. Will students change their attitudes toward drawing as a learning tool?
3. How will drawing impact engagement and enjoyment of Earth science?
CONCEPTUAL FRAMEWORK
The idea of drawing to learn is not a new one. As early as 1916, it was written that
drawing was a significant and necessary facet of laboratory methodology at that time.
The difficulties of constructing a descriptive drawing of a scientific phenomenon for
learners then are the same as what students encounter today. In the struggle to make an
informative drawing, students either fall short of the mark or take too much time in
perfecting one (Ayer, 1916).
In the early 20th century the necessity of being able to draw well as a laboratory
student and instructor stemmed from the fact that technology used to reproduce images
was limited. Courses in drawing were required in schools. By the 1930’s mimeograph
machines began to make it easier to recreate images for classroom use. For the first time
an instructor could make a drawing and reproduce it for their students to label, ending the
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laborious task of drawing the image. As a result, the practice of making drawings to learn
began to fade (Landin, 2015).
It has been suggested that providing students with illustrations instead of making
them draw is a mistake. In an undergraduate biology class one researcher sought to find
the effects of incorporating drawing into instruction. The goal was for students to gain a
better understanding of biological phenomena by creating illustrations of lab specimens.
Results of this research did show that students acquired better observational skills and
would include things in their drawings that may otherwise be overlooked. A couple of
other interesting observations were made during this study. First, some students struggled
with math, in particular proportion and scale in their drawings. Second, some students
tried to make their drawings too complex and had difficulty completing their work on
time (Landin, 2015).
Adequate drawings skills are perhaps nowhere more important than in geological
field sketching. Sketching structures observed at an outcrop in the field is an important
primary means of data collection for geologists. One undergraduate field geology
professor has argued in an article from 2018 that all geologists could learn from the
techniques of fine artists. Seeing simplified big shapes, negative spaces, drawing upsidedown, and using a viewfinder are all suggestions that help in the creation of accurate, yet
sketches that are rich in information (Jude, 2018)
The benefits of drawing to learn scientific ideas was once again put to the test
from 2007 to 2010 in a project funded by the National Science Foundation called
Picturing to Learn. It was noticed that research scientists would clarify their ideas by
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using sketches. A project was created where students and faculty from universities
including Harvard, MIT, and Duke, along with Roxbury Community College and the
School of Visual Arts, New York, would create drawings of scientific phenomena.
Undergraduate students in this study were instructed to create their drawings so that they
could be correctly interpreted by high school seniors. Picturing to Learn research found
that drawing scientific phenomena is an effective tool to measure student misconceptions
(Frankel, 2007).
In a series of workshops that paired undergraduate science students with
undergraduate design students, Picturing to Learn broke boundaries between disciplines.
Metaphors relating to scientific language were used to produce a database of over 3000
drawings of scientific ideas. Students were given ideas like the reaction of hydrogen and
oxygen and how it led to the Hindenburg disaster of 1937. Groups of four would then
brainstorm ideas and be given time and drawing materials to create their illustration. One
of the founders of the Picturing to Learn project claimed not to be great at drawing, but
also stated that some of the most brilliantly expressive drawings were basic and made by
using simple stick figures (Ireland, 2009).
Building on the ideas behind learning as a generative process another area of
research in the connection between learning and drawing has been through the study of
student drawings based on the interpretation of textbook materials (Wittrock, 1974). An
expository text was also part of a research study in Australia. McConnell (1992)
developed a learning strategy called Talking Drawings that was used with adult learners
prior knowledge of a concepts including rainforests and the greenhouse effect.
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Individuals in the class were asked to create a before drawing of what they knew of the
upcoming topic of study. After creating their before drawing students were asked to share
and discuss their before drawing with two other students in class. Following the initial
time of sharing their work, the learners were then provided with detailed reading
materials and given time to read silently. To finish the lesson students were then asked to
create an after drawing by either adding to their first drawing or creating a new one and
share that with two other students. Comparison of before and after drawings displayed in
this study showed significant growth in learning about the topics discussed (McConnell,
1992).
A similar study by Van Meter (2001) used several different control groups to
assess learning in a population of fith-grade students. Students in the study were divided
into reading only, drawing, illustration comparison, and prompted illustration
comparison group. After having students read a text passage about neurons, they were
asked to draw and label a sketch of their understanding of the content. Students in the
drawing group were not allowed to see two illustrated images at the end of the text,
whereas the illustration groups were. The illustration comparison group was allowed to
look at the illustrations to assist their drawing. Prompted illustration comparison group
participants were given prompted questions along with illustrations to assist their
drawing. Results of this study showed that prompted illustration comparison participants
scored higher on free recall post assessments of the material. All drawing groups in the
study spent more time on task than the reading control group. This study did come with a
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caution noting that if a drawing task given to students becomes too highly cognitive, its
effects can be unbeneficial (Van Meter, 2001).
Learner-generated drawings were also shown to be effective tools in
understanding text materials in a later study by Schwamborn, Mayer, Thillmann,
Leopold, and Leutner (2010). Instead of fifth graders, this group of researchers used
ninth-grade students in Germany. This study used similar methodology to that of Van
Meter. Three treatment groups and one non-treatment group were studied. An extra step
was added whereby the learners were asked to mental imagine the text before drawing.
The researchers found that students need support that takes the focus off drawing
mechanics. To alleviate some of the cognitive demands of drawing this research provided
students with a toolbar of elements for students to use to make their drawings. In their
conclusion, the authors point to evidence that the quality of learner-generated drawings
predicts the quality of their learning outcomes. Because of this, learner-generated
drawings can serve as formative assessments that allow instructors to reflect upon their
instruction and for students to gain valuable feedback (Schwamborn, Mayer, Thillmann,
Leopold, Leutner, 2010).
Prior knowledge of a science text was shown to influence the effectiveness of
learner-generated drawings in a study of undergraduates in China. Researchers in this
study employed the methodology of eye-tracking technology to provide moment-tomoment information about their test subject’s cognitive processes. The independent
variable for this study was how the text was read. The control group was assigned
repeated reading of the text, while the treatment group was to read with imagination
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followed by drawings about the text. The dependent variables were comprehensive test
scores, reading time, subjective cognitive load ratings, and eye movement. Several key
findings came out of this study. First, comprehension for learners with relatively low
prior knowledge benefited more from drawing than students with high prior knowledge.
It’s suggested that drawing for high prior knowledge learners may even impair learning
because of the redundancy of the activity. Next, students engaged in imagination spent
more time reading the text than those practicing repetitive reading, which led to cognitive
overload and diminished comprehension (Lin, Lee, Kalyuga, Wang, Guan, & Wu,
2017).
In research regarding the role of working memory and cognitive load in
geoscience classrooms it has been suggested that instructors steer away from long
lectures. They found that working memory can only hold a limited amount of information
at a time and that students require relatively small chunks of new information introduced
at a time. Chunking of information, they suggest, can be done through a variety of
consolidation exercises. Instructional techniques such as think-pair-share, minute papers,
scaffolding, and concept sketches are recommended consolidation exercises. Jaeger,
Shipley, and Reynolds concluded that concept sketching requires that learners use both
working memory and cognitive process thereby facilitating deeper learning of geoscience
concepts. These authors wrote that sketches could be used for summative assessment, but
they also provide students with formative self-assessment opportunities that are beneficial
to long-term memory (Jaeger, Shipley, & Reynolds, 2017).
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The use of concept sketches coupled with an extensive learning cycle approach
have been shown to be successful in the instruction of introductory geology to
undergraduate students. One such study outlined three phases to the implementation of
concept sketching exercises: exploration, term and concept introduction, and concept
application. During the exploration stage students observed a geologic phenomenon and
developed questions. The instructor then provided terms and concept information. From
that point students were then asked to make sketches with appropriate annotations.
During the concept application phase students were then asked to apply their learning to
new situations (Johnson & Reynolds, 2005).
Research into the idea of learner-generated drawings in the understanding of
science concepts has been conducted for decades. Studies have consistently shown that
making simple sketches can be an effective way for students to internalize text material,
make more careful observation of lab specimens, and illustrate scientific processes.
METHODOLOGY
Treatment Description
The purpose of this research was to determine if students could improve their
comprehension of certain Earth science phenomena by creating hand-drawn illustrations.
The treatment methodology for this study utilized a strategy similar to Talking Drawings
developed by McConnell (1992) and was conducted in a secondary level Earth science
class consisting of 86, mostly 9th-grade, students and received an exemption by Montana
State University's Institutional Review Board in compliance for working with human
subjects (Appendix A). For the sake of research comparison, two treatment groups were
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created based on five Earth science class periods. Group A consisted of 53 students
enrolled in class periods 1, 2, and 3. Group B had 33 students enrolled in periods 4 and 5.
Group A had a gender breakdown of 66% male to 34% female, while Group B had a
gender breakdown of 64% female to 36% male. Both groups were concurrently
instructed, quizzed, and tested over the same topics. Those students being treated were
asked to draw, while those not being treated were exposed to direct instruction. To ensure
that all students were given access to the drawing treatment, after each unit the student
groups were flipped, mean the drawing group became the non-drawing group and viceversa.
Staggered treatment periods of three lessons each were used for collecting data.
Four units were studied during treatment that included the topics of plate tectonics,
volcanism, surface water, and groundwater. The treatment period was conducted for ten
weeks or the first half of the second semester beginning the first week in January and
ending the second week of March. As a basis of comparison to be used to determine the
efficacy of treatment, semester one median test scores and ranges were calculated for
each treatment group. Treatment Group A’s average test scores ranged from 57.3% to
95.8% with a median score of 77.5% for semester one while Treatment Group B had a
higher range of 59.7% to 99.8% and a median test average of 82.3% (Figure 1).
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Figure 1. Comparison of semester one test scores for students in treatment groups. X
indicates mean score. Outliers are shown by a dot, (N=86).
While students were in the treatment period, they were asked to think about what
they knew about the upcoming topic of study. They were then asked to make a drawing
that conveyed what they were thinking on a 12”x 18” piece of newsprint. This was called
the Pre-drawing. A brief caption describing each drawing was encouraged. After the predrawing was completed students were then asked to share and explain their drawing with
another person in the class. Once the pre-drawing activity was complete students were
assigned a reading from the course textbook covering the same topic. The exercise of
Pre-drawing, sharing drawings, and reading occupied most a 50-minute class period.
Following the reading session, students in the treatment group were then asked to
improve upon their drawing or create a new one. This was called the Post-drawing. If
they chose to make a new drawing, they could do so on a new piece of paper or add to
their previous drawing. As before, students were encouraged to add details and a caption
to their drawing and share it with a partner. During the Post-drawing session students
were given access to the reading materials once again to help them complete their
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drawings. During Post-drawing sessions students used most of the 50-minute class period
to work on their drawings. Some students would finish a Post-drawing in 20 minutes or
less, while some would work until the end of class.
Students created three sets of drawings during their first treatment period and two
during their second treatment period. While in the non-treatment group, students
completed the same reading assignments but were not asked to make Pre- or Postdrawings. Students in the non-treatment group received direct instruction through a
lecture and discussion accompanied by presentation slides, while students in the
treatment group did not. Treatment and non-treatment group students were also allowed
access to the lecture notes through Google Classroom after each lesson.
Data Collection Instrument Description
To quantitatively measure the primary focus question of how drawing affected
comprehension, students in the treatment and non-treatment group were each given the
Chapter 17 Pre-Test and Post-Test (Appendix B), the Chapter 18 Pre-Test and Post-Test
(Appendix C) the Chapter 9 Pre-Test and Post-Test (Appendix D), and the Chapter 10
Pre-Test and Post-Test (Appendix E). The pre and post-tests were parallel forms of the
same test that had question numbers and multiple-choice options randomly changed.
Descriptive statistical methods including normalized gains for the suite of tests were then
used to compare the treatment group to the non-treatment group to see if drawing did in
fact impact comprehension. According to Hake (1998) normalized gains can be
categorized as < 0.3 as low, 0.3-0.7 as medium, and > 0.7 as high. To formatively assess
each lesson, students in both the treatment and non-treatment group were also given short

13
quizzes to check for understanding. These were the 17.1, 17.2, 17.3 and 17.4 quizzes
(Appendix F), the 18.1, 18.2, and 18.3 quizzes (Appendix G), the 9.1 and 9.2 quizzes
(Appendix H), and the 10.1 and 10.2 quizzes (Appendix I). Treatment and non-treatment
groups were then compared using median quiz scores.
A second question posed by this study examined whether students could improve
their ability to make scientific drawings throughout the course of the treatment period. To
evaluate student drawings the Science Drawing Scoring Checklist was developed based
on five categories (Appendix J). The five categories were based on accuracy that
resembled information in readings, details including scale, use of annotations, captions or
paragraphs to describe the drawing, and if the drawing utilized the space of the paper, not
being too big or too small. For each category student-generated Pre- and Post-drawings
were scored on a scale from zero, meaning no evidence, to three meaning very good
evidence, with a maximum score for a drawing being 15. Students were shown the
checklist before they made a drawing. After each drawing students were given written
feedback and a score for that drawing as a means of formative assessment. To ease
anxiety for students less confident in their ability to draw, initial post drawings were
scored for completion with all students receiving the maximum score for simply finishing
a drawing. A maximum score for just completing a drawing ended after the initial
drawings and as students gained more understanding of the expectations outlined by the
scoring checklist. The Science Drawing Scoring Checklist Post-drawing scores were then
compared from the first drawing session to the last using mean drawing scores for each
treatment group.
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Another question posed by this study was that of students’ attitudes towards the
use of drawing as a learning tool. Prior to the treatment periods all students were asked to
complete the Personal History with Drawing Questionnaire (Appendix K). This
questionnaire posed a series of questions with a simple binary response of yes or no for
each question. The purpose of this questionnaire was to assess each student’s prior
experience with drawing and to see if there was any predisposition or not towards
drawing and art in general. Analysis of the data collected by the Personal History of
Drawing Questionnaire was done by counting the frequency of response for each
question.
A second set of paired surveys was also used to qualitatively measure students’
attitudes about drawing as the use of a learning tool. In Drawing Survey 1, students were
asked to rate their frequency of how often they used drawing as a strategy to learn based
on seven questions (Appendix L). Drawing Survey 1 gave the students four choices of
responses ranging from never, seldom, occasionally, to frequently. Drawing Survey 1
was completed by students in each treatment group just prior to their treatment period.
Following the treatment period, students were asked to fill out Drawing Survey 2
(Appendix M). Drawing Survey 2 used the same questions worded in the future tense to
measure the probability that students would be using drawing going forward as a learning
tool. The four response choices for Drawing Survey 2 ranged from probably not,
possibly, probably, to very probably. Results of the survey were paired and analyzed by
counting the frequency of responses to each of the seven questions pre-treatment to post-

15
treatment. To measure any meaningful shifts in attitudes the paired data sets were then
compared using a Wilcoxson Rank Sum Test.
The third qualitative data instrument used to directly measure students’ attitudes
about drawing as a learning strategy was in the form of personal interviews. Seventeen
percent students were asked to be interviewed using questions from the Student Interview
Questions (Appendix N) that were formulated prior to this research study. Answers from
student interviews were analyzed for patterns about the treatment methodology and
whether students found this method helpful, engaging, or enjoyable in their learning of
science concepts.
Throughout the treatment period, the instructor kept a Teacher Reflection Journal
to make informal observations of students as they worked and reflect on the treatment
process. The Teacher Reflection Journal included not only remarks, but also photos and
videos used with the permission of the students in order to answer the sub-question of
how drawing affected engagement and enjoyment of the class. The entire suite of
quantitative and qualitative data collection techniques used to address the focus question
and sub-questions for this study are outlined in the Data Triangulation Matrix (Table 1).
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Table 1
Data Triangulation Matrix
Focus Question
Data Source 1
Primary Question: 17 ,18, 9, and 10
1. How Does
Pre-Chapter and
Drawing Impact
Post-Chapter Tests
Comprehension
Sub-Questions:
2. Can Students
Improve Science
Drawing
3. Does Attitude
Towards Drawing
as a Learning
Strategy Change
4. Does Drawing
Impact Engagement
and Enjoyment

Data Source 2
17.1,17.2,17.3,17.4,
18.1,18.2,18.3,
9.1,9.2,
10.1,10.2 Quizzes

Data Source 3
Drawing 1 Survey
Drawing 2 Survey
Student interview
questions

Student Drawings

Science Drawing
Scoring Checklist
Mean Scores

Teacher Reflection
Journal

Personal History
with Drawing
Questionnaire

Drawing 1 Survey
Drawing 2 Survey

Teacher Reflection
Journal

Drawing 2 Survey

Student interview
questions
Teacher Reflection
Journal
Student Interviews

DATA ANALYSIS
The results of the Plate Tectonics Unit (Chapter 17) Post-Test show the mean
normalized gain for Treatment Group A was 0.65, the median normalized gain was 0.67,
and the standard deviation for the normalized gains was 0.22. For the same instrument,
Non-Treatment Group B scored a 2% higher mean normalized gain of 0.67, a 2% higher
median normalized gain of 0.69, and a standard deviation of the normalized gains of 0.19
(N=86). Treatment Group A had higher upper quartile normalized gains ranging from
0.84 to 1.00 compared to Non-Treatment Group B gains of 0.79 to 1.00. Non-Treatment
Group B had higher lower quartile scores ranging from 0.38 to 0.57 compared to
Treatment Group A gains of 0.07 to 0.53.
For the Volcanism Unit (Chapter 18) treatment became flipped, meaning the
groups were now called Non-Treatment Group A and Treatment Group B. The results of
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the Chapter 18 Post-Test indicated a mean normalized gain for Treatment Group B of
0.75, a median normalized gain of 0.77, and a standard deviation of normalized gain of
0.16. For the Non-Treatment Group A, the mean normalized gain was 10% lower at 0.65,
the median normalized was 12% lower at 0.63, and the standardized deviation was a
slighter wider 0.20 (N=86). All four quartile ranges for the treatment group were
markedly higher than the non-treatment group (Figure 2). Median normalized gains
showed an uptick during treatment and a fall during non-treatment for both groups.
Likewise, standard deviations for test scores tended to become less as a result of
treatment for each group, but then widen during non-treatment.

Figure 2. Comparison of normalized gains for the Plate Tectonics (Unit 17) and
Volcanism (Unit 18) Post-Tests. Group A is represented by green, Group B by blue.
Mean test scores are indicated by X, (N=86).
For the Surface Water Unit (Chapter 9), once again drawing treatment was
administered to Treatment Group A, while Group B became Non-Treatment Group B.
The results of the Chapter 9 Post –Test indicated that Treatment Group A performed
better than Non-Treatment Group B. Treatment Group A had a mean normalized gain of
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0.69 that was 5% higher than that of Non-Treatment Group B’s 0.64 (N=76). The drop in
student numbers was attributed to high numbers of absences due to harsh winter weather.
The median normalized gain of 0.73 for Treatment Group A was 10% higher than the
0.63 median normalized gain for Non-Treatment Group B. The standard deviation of
normalized gains for Treatment Group A was slighter lower at 0.19 than that of NonTreatment Group B’s 0.20.
The final unit studied by both groups was Groundwater (Chapter 10). For the
Chapter 10 Post-Test the mean normalized gain for Treatment Group B of 0.67 was 5%
higher than that 0.62 for Non-Treatment Group A (N=86). The median normalized gain
of 0.71 for Treatment Group B was 13% higher than the 0.58 median normalized gain of
Treatment Group A. The standard deviation of normalized gains for both groups was 0.20
(Figure 3). As was the case with the first round of treatment, each group experienced an
increase in median normalized gains during treatment and a drop in the same measure
during non-treatment.
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Figure 3. Comparison of normalized gains for the Surface Water (Unit 9) Post-Test are
shown by the left set of box and whisker plots (N=76). Groundwater (Unit 10) Post-Test
gains are shown by the right set, (N=86). Group A is represented by green, Group B by
blue. Mean test scores are indicated by an X.
Question number six of Drawing Survey 2, “Do you think using the pre and post
drawing strategy helped your understanding of the concepts we studied?”, was answered
affirmatively by every student interviewed, which indicated a correlation to the data of
median normalized gains increasing as a result of treatment. In one example a boy
student from Group B answered, “Yeah, I caught on pretty quickly on everything even if
I was gone and had to like make it up or something.” A girl student from the same group
answered the same question by saying, “I wish we did drawings more than notes because
it was easier to understand.” Even students who claimed they would rather just take notes
answered the same question positively. One such boy student from Group A responded to
the same question by saying “Yeah. Ah, I don’t know, I think the Pre-drawings helped
you look for your mistakes.”
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Examples of a Pre-drawings based on a students’ initial ideas about the concepts behind
Alfred Wegner’s Theory of Continental Drift show that although many claimed to have
been exposed to the concept of continental drift in the primary grades few could recall
accurate ideas about it in their Pre-drawing (Figure 4).

Figure 4. Student-generated Pre-drawing of continental drift theory.
Post-drawings of Wegner’s continental drift theory made after the assigned reading on
the topic correctly illustrated evidences for Wegner’s theory and supported student
interview responses about drawing having increased their understanding of the concept
(Figure 5).
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Figure 5. Post-drawing of continental drift theory by the same student as Figure 4
showing more evidence to support the theory.
A second method used to assess the primary question of this study was quiz
scores. After each treatment group’s drawing session and corresponding non-treatment
group’s note taking lecture, each group was given the same quiz. For the initial treatment
of this study, Treatment Group A had an average median quiz score of 74.5% compared
to 74.6% for Non-Treatment Group B. The results of the secondary treatment show an
increase in the average median score for Treatment Group A of 68.6%, which is 5.5%
higher than that of Non-Treatment Group B’s 63.1%. Overall, the median score for all
quizzes for Treatment Group A was higher at 72.2% compared to that of 70% NonTreatment Group B (N=86). Although the increase in median quiz scores was only
slightly higher, students in Group A initially came in to the study with modestly lower
test scores than those of Group B (Figure 6).

Median Score
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Figure 6. A comparison of median quiz scores for Treatment Group A vs. Non-Treatment
Group B, (N=86).
When treatment was flipped, Treatment Group B averaged a median score of
85.8% for their initial treatment round quiz scores. For the same set of quizzes, NonTreatment Group A averaged a 14.2% lower average median score of 71.6%. For the last
round of treatment, the differences in median scores were similar. The results of the
secondary treatment showed that Treatment Group B achieved a 10.3% higher average
median score of 75% compared to a Non-Treatment Group A average median score of
64.7%. The overall average median quiz score for both treatment sessions for Treatment
Group B was 80.6% compared to Non-treatment Group A’s 67.5% (N=86). These results
indicate once again a positive effect in quiz scores for students that completed pre- and
post-drawings instead of lecture notes (Figure 7).
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Figure 7. Median quiz score comparisons for flipped treatment periods, where Group B
became the treatment group, (N=86).
Both Drawing Surveys 1 and 2 used question seven to measure student attitudes
about using drawing to study for tests. Responses to this set of questions can also be used
to address the primary question of comprehension. Prior to treatment, students who
claimed they never use drawing as a study method dropped from 48% to 26% who
responded that they will probably not use drawing to study in the future. Only 3% of
students claimed they frequently used drawing as a study aid prior to treatment. That
number rose to 7% for all students who very probably plan to use drawing to study going
forward (Figure 8). A Wilcoxson Rank Sum Test of the paired responses for question
seven generated a p-value of 0.002, showing a meaningful change in student attitudes for
the study group when it comes to using drawing as a way to comprehend more.
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Figure 8. Frequency of responses for the survey question seven regarding the tendency of
using drawing as a way to study for tests, (N=86).
To address the sub-question of whether or not students could improve in their
ability to create scientific drawings as the study progressed, the Science Drawing Scoring
Checklist scores were then analyzed. For the initial Post-drawing of the first treatment
session, 17-1, Group A earned a mean score of 10.5 of a possible 15. For subsequent
drawings 17-2, 17-3, and 17-4, those mean scores rose from 12.2, 12.7, to 13.7
respectively. Even with several low outlying mean scores, this equated to a 21% gain in
scores from the initial Post-drawing to the last for the first treatment session. Gains in
scores can be attributed to the formative feedback provided to students through the use of
the scoring checklist, guidance by the instructor, and providing adequate time for drawing
sessions as noted in a Teacher Reflection Journal entry from Tuesday, January 15, 2019:
17-3 Plate Boundaries drawing today. More detailed instruction of what’s
expected was given today. Discussed with the students about seeing the “forest
and not the trees” and not getting too bogged down with details that don’t matter.
Results were much better drawings. Plus I gave them all class period. They really
need 40 minutes to do a good job.
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For the second treatment session conducted two weeks later, Group A showed a
slight regression in their mean score posting an 11.5 for their first Post-drawing, 9-1.
However, as before in the earlier treatment, their subsequent mean score of 12.1 for Postdrawing 9-2 showed a 4% gain over the course of the second treatment round for those
two Post-drawings (Figure 9).

Figure 9. Post-drawing scores for students in Group A. Mean scores are shown by the
letter X. Scores 17-1 to 17-4 are from the first treatment, 9-1 to 9-2 the second treatment,
(N=53). Note. Unit 17 was the study of Plate Tectonics, Unit 9 Surface Water.
Group B’s initial 18-1A Post-drawing mean score of 11.7 was 8% higher than that
of Group A’s initial 10.5 for Post-drawing 17-1. Evidence of Group B’s higher
performance on their first drawing task can be substantiated from an entry in the Teacher
Reflection Journal made on January 30, 2019, “This group seems to take their drawings
more serious on average…better attitudes, but also a bit better students on average.” For
their second Post-drawing, 18-1B, Group B saw a 9% jump in their mean score. The 18-2
Post-drawing showed a decline of 8% from that of 18-1B as the mean score dropped from
13.1 to 11.9 respectively. This may be attributed to the drawing being too demanding for
the students in terms of content and time allotted, which was noted in the reflection
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journal entry on February 4, 2019, “For the most part students did okay, but seemed to be
a lot for them to handle as evidenced by their drawings.” Post-drawing 18-3 was last for
Group B in their initial treatment round. The 18.3 Post-drawing score of 12.5 was 4%
higher than that of 18-2 and 5% higher than the initial drawing, 18-1A.
Group B created drawings a second time several weeks later. For their first
drawing in the second treatment round, Post-drawing 10-1, Group B earned a mean score
of 13.0. Post-drawing 10-2 was Group B’s last drawing and also their highest mean score
of 13.3 overall for both treatments. From their initial drawing in the first treatment
session to their last drawing in the second treatment session, Group B had an 11%
increase in mean scores for the Science Drawing Scoring Checklist (Figure 10).

Figure 10. Post-drawing scores for students in Group B. Mean scores are shown by the
letter X. Scores 18-1 to 18-3 are from the first treatment, 10-1 to 10-2 the second
treatment, (N=33). Note. Unit 18 was the study of Volcanism, Unit 10 Groundwater.
Outlying scores shown by the box and whisker plots for both treatment groups
indicate the negative impact on mean scores for Post-drawings 17-2, 17-3, and 9-1 for
Group A and Post-drawings 18-2, 18-3, and 10-2 for Group B. Students who did not
finish drawings, were too focused on making detailed drawings, or students who rushed
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through their drawing, were circumstances that caused outlying scores. Teacher
Reflection Journal Entries noted that for the 17-3 Post-Drawing, “Some of the “A”
students didn’t show improvement and kind of sandbagged.” and for the 18-2 drawing,
“Students that get too bogged down into details or adding color are not finishing their
drawings.”
The formative nature of the Science Drawing Scoring Checklist gave students
guidance in areas where they could improve from one drawing to the next. Students
typically became better at the use of annotations, color, and description (Figures 11, 12,
13, and 14).

Figure 11. 17-1 Post-drawing by a female student showing that she student had difficulty
scaling the drawing to the paper and lacked description and annotations earning an 8 of
15 on the Science Drawing Scoring Checklist.
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Figure 12. 9.2 Post-drawing by same student as Figure 11 shows that this student had
improved at scaling, describing, and annotating her drawings, to earn a score of 14 out of
15 on the Science Drawing Scoring Checklist.

Figure 13. 17-1 Post-drawing made by a male student showing good scale, but limited
description and no use of color and earning a score of 9 out of 15 on the Science Drawing
Scoring Checklist.
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Figure 14. 9-2 Post-drawing made by same male student as Figure 13 showing much
more description, annotation, and use of color.
One qualitative data measure used to address the sub-question of student attitudes
and experience with drawing prior to treatment was through the Personal History of
Drawing Questionnaire (Table 2). Eighty-four percent of students indicated they had
some drawing training through an art class, but fewer than half enjoyed drawing or art
enough to visit an art museum or to purchase an instruction book for personal
improvement. Supportive homes that foster drawing as an activity was shown by 60%
citing at least one parent with drawing skills while 76% claimed that they had been
complimented on drawing they had made in the past.
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Table 2
Personal History with Drawing Questionnaire Frequency of Responses
Statement
% Yes
% No
I have taken an art class.
84
16
One or both of my parents are good at drawing.
60
40
I have drawing instruction books.
41
59
I have visited an art museum.
47
53
I have received compliments on my drawing.
76
24
Note. (N=86).
The seven question Likert style pre- and post-treatment surveys used to measure
student attitudes about the use of drawing and diagraming as a learning tool showed
mixed results (Table 3). The first question of Drawing Survey 1 and Drawing Survey 2
was designed to measure the behavioral tendency of drawing diagrams from lecture
notes. Paired survey responses show no meaningful shift in behavioral tendencies using a
Wilcoxon Rank Sum Test p-value of 0.62, however when analyzing response frequencies
for the group a noticeable shift away from the negative is apparent. Twenty-six percent of
students selected that they never diagram from lecture in their notes in the first survey.
That number dropped to 16% for students selecting the response of probably not in the
future, post-treatment. Similarly, 33% who said they seldom drawing diagrams from
lecture in their notes rose to 49% who said they will possibly draw notes from lecture
going forward. In terms of always to very probably drawing diagrams from lecture,
student frequency of responses rose from 5% to 10% (N=86).
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Table 3
Comparison of Results for Drawing Survey 1 and Drawing Survey 2, (N=86)
Behavioral tendency
measured.
Draw diagrams
shown in lecture
notes.

Drawing energizes
my thinking.

Draw to map out
spatial ideas or
design something.

Use diagrams from
textbooks to help be
understand the
reading.

Use drawings to
communicate ideas.

Pay close attention
to the scale of
objects I’m drawing.

Sketch out ideas to
study for tests.

P-Value

0.617

0.183

0.109

0.889

0.034

0.303

0.002

Drawing Survey 2
Drawing Survey 1
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Drawing Survey 2
Drawing Survey 1

Drawing Survey 2
Drawing Survey 1

Survey question four was designed to measure the tendency of students to use
diagrams from textbooks to help understand reading. Responses to that question from
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pre-treatment to post-treatment showed literally no difference scoring a p-value of 0.88
and almost identical frequency of response values. As measured by Drawing Survey 1,
student attitudes about using diagrams from the text to reinforce learning was already a
positive 70% claiming that they occasionally to frequently use diagrams to help them
learn. That number rose to only 71% claiming that they will probably to very probably do
the same post-treatment (N=86).
Two survey questions showed a definite shift towards a negative attitude.
Question three asked students about their tendency to use drawings to map out spatial
ideas or design something. Even though the p-value of 0.18 showed no meaningful
change in student attitudes, frequency of response did. Seventeen percent of students
initially said they never use drawing to map or design ideas. That number rose to 23%
who said they will probably not use drawing for the same purpose in the future (N=86).
The second question that showed a marked negative shift was question five.
Question five was used to measure student attitudes about using drawing as a
communicative tool. The p-value of 0.03 showed a meaningful change in student
attitudes towards not planning to use drawing in the future to communicate ideas to
family and friends. Students responded 33% prior to the study that they never use
drawing to communicate ideas. That number increased dramatically to 48% of the
students selecting that they probably will not use drawing to communicate ideas go
forward (N=86). Two student interview responses were indicative of this negative
sentiment when asked if they liked the strategy of using drawings to learn. One female
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student stated, “No, I like notes better and they are easier.” Another male student
commented, “No, I already understood the ideas. I don’t need to draw them.”
Stated earlier in this analysis, question seven of the survey showed the most
meaningful change in student attitudes about drawing. With a low p-value of .0002, most
students did feel that drawing as a way to study for tests was something they plan on
doing in the future. This is strongly correlated to student interview responses across the
board, where nearly every student answered with responses like, “Yes. When I’d draw I
could see my drawings in my head on the test.”
This study was also conducted to address the sub-question of student engagement
and enjoyment. Observations recorded in the Teacher Reflection Journal mention
students being highly engaged in their work on several occasions including this entry
from January 11, 2019, “All in all kids are engaged quite well and work amazingly
quietly” and this one from January 31, 2019, “Students were highly engaged in their
drawings about magma and volcanic eruptions.” Engagement in the drawing activity
waned slightly as treatment progressed for some students as noted in this journal entry for
regarding the final drawing of the first treatment round, “Some enjoy this, some say they
look forward to taking notes.”
Most students indicated enjoyment in making drawings to help them learn Earth
science concepts during post-treatment interviews. The final question of the interview
asked students if they liked the use of drawings to study Earth science topics (Table 4).
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Table 4
Interview Responses to the Question of Liking Drawing to Learn Earth Science Topics.
Boy 1 Yes. It always kept things interesting and fun.
Girl 1

Yes. It was less boring than just taking notes.

Boy 2

No. It just kind of confused me.

Boy 3

Definitely. It was the most interesting part of my day.

Girl 2

Yes and No, I still like the notes and went online to write them down.

Boy 4

Yes. Because it helped me a lot realizing what the different meaning of the
definitions and stuff.
Yeah. I wish we did drawings way more than doing notes.

Girl 3
Boy 5
Girl 4

Ah, It was kind of like annoying at first...I just wanted to read and know the
information, but I do think I learned a lot from drawing.
Yeah, I think it was a fun experiment.

Note. (N=86).
Observations recorded in the Teacher Reflection Journal also showed students
enjoyed making that drawings initially with entries like, “The students worked great
today,” and “I think they students enjoy making the drawings and I find it quite
interesting to see what they come up with.” However, as the study progressed interest and
enjoyment did appear to wane based on comments like, “Kids did last drawing on
Tuesday…for the most part did okay…some weren’t too great.” and “Always a couple
that want to poor-boy their drawings by doing the bare minimum.”
INTERPRETATION AND CONCLUSION
The objective of this study was to determine if hand-drawn illustrations of Earth
science concepts could make a positive impact in student comprehension, improve
science drawing skills and increase student engagement and enjoyment. When compared
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to traditional direct instruction using reading, discussion, and presentation notes it can be
concluded that it did improve student comprehension based on post-test and quiz scores.
It is important to note that of the two treatment groups, Group A, came into the study
with a nearly 5% lower average median score for their semester one test grades. For
treatment to prove effective that means Group A should have either caught up to or
surpassed Group B on post-test scores immediately following treatment. After the first
treatment round the gap between Group A and B did narrow to a 2% difference in median
scores, however after their second treatment Group A scored 5% higher than Group B in
median post-test scores. Similarly, Group B did outpace Group A on different topics, in a
different portion of the course as a result of their drawing treatment. Group B had median
scores that were 10% higher than Group A after their first treatment and 13% higher after
their second treatment. This is no surprise because Group B was comprised of higher
achieving students who also took their drawings more seriously.
Quiz scores after each drawing session and corresponding lecture showed once
again that drawing made a difference when it came to remembering information. Students
were given the choice on certain quiz questions to sketch out their answers or write a
short paragraph. Most students in both groups tended to answer with a sketch, however
those who had already done a similar post-drawing did a much better job of answering
those questions, which led to higher quiz scores on average for the treatment group. One
anomaly to this pattern is the 17-2 Quiz scores. In that situation, Group A, the treatment
group scored lower than Group B, the non-treatment group. The Teacher Reflection
Journal points to the cause of this as being too much information for the students to
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process and put into a drawing. As pointed out in the Conceptual Framework of this
study, when drawings become to cognitively demanding for a student, they can be
detrimental to understanding. On an individual basis that same idea was true for some
students on all tests and quizzes, particularly those who became too concerned with
making their drawings look aesthetically pleasing with color.
Improvement in science drawing skills was apparent for most students in this
study. Most of the students had prior training in drawing through middle and elementary
school art classes where the focus was on being aesthetically creative. The focus of this
study was to create annotated drawings that were simpler, yet technically correct. At first,
the majority of students would get too concerned with unimportant details in their
drawings and not finish. Not seeing the forest for the trees was an analogy that was used
frequently to help students understand that they needed to create simple, but descriptive
drawings that would allow them to score higher on the Science Drawing Scoring
Checklist. As the study progressed nearly all students did get better at making concise
annotated drawings that proved helpful in their comprehension of the phenomena they
were studying. The few outliers that didn’t improve their ability to draw were typically
high achieving students, usually male, who viewed the drawing exercises as bothersome
and would rather just read and take notes. Of interest, two of those students were
interviewed and still commented that drawing did help them learn concepts better.
Student attitudes about using drawing in the future to help them learn and
communicate were mixed. Although most students indicated they plan on diagraming in
their science notebooks in the future, many didn’t change their attitudes about using
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drawings to map out their own ideas or communicate to others. The use of scale in their
drawings was a point of emphasis on the Science Drawing Scoring Checklist. Even
though students did get better at making scale references in their drawings, there was no
real shift in their attitudes that they would pay close attention to scale in the future. The
most significant change in student attitudes was the use of drawing to study for tests. In
survey results and interviews students consistently communicated that they remembered
more of the content after they had drawn.
Students who enjoyed the drawing exercises the most tended to be in two
categories, those who disliked taking notes, and those who already liked to draw. The
former of those in some cases were students who were on Individual Education Plans for
whom note-taking is difficult. Interestingly, liking to draw was not limited to any
particular group of students. Wonderful drawings were made by students of both genders,
all socioeconomic levels, and all ranges of academic level.
VALUE
We all know that we need to eat right and exercise to maintain a healthy body.
However, some people don’t like eating broccoli and some don’t like going to the gym or
on long runs. This study showed that drawing is a good thing for the health of your brain.
Just like eating right and exercising, drawing is something that takes work. I found that
students who embraced drawing as a way of learning, no matter what their talent level,
were much more engaged in the concepts I was trying to teach and enjoyed class more.
This in turn made me enjoy class more. Those few who didn’t like to draw weren’t
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necessarily bad students, they just didn’t enjoy the benefit that came from a good attitude
and effort.
The Science Drawing Scoring Checklist was perhaps the most valuable
assessment tool developed for this study. Over 1000 drawings were assessed using the
checklist. Since it was a standards-based rubric it allowed for quick evaluation and timely
feedback to formatively assess student work. Students were able to see areas they needed
to improve in their work before they were assigned their next drawing. Utilizing the
checklist or something similar will be something I continue to do in my classroom.
The strategy of pre-drawings proved to be a powerful tool in catching
misconceptions in student ideas. Since I teach in the secondary level, some of the
standards I teach have been introduced in the elementary level. By the time students get
to my class some of the ideas associated with those standards can be incorrect, forgotten,
or exaggerated. Pre-drawings were very telling in what students had retained from their
elementary level learning. Having students share their pre-drawings was not a big thrill
for the more introverted students, but even they said it is something that is good to do
because they would see things in other students’ drawings things that they had forgotten.
I have been using pre-drawings since the end of treatment for this study. They are a
powerful misconception probe.
Since the cessation of treatment there are noticeably more students that are
making drawings in their notebook. Usually they are copies of diagrams from a
presentation slide, an image in their textbook, or a drawing I have made on the board. At
the beginning of the year a majority of students identified themselves as either visual or
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kinesthetic learners. This study helped provide those students with a means to play to
self-identified strength.
The most beneficial aspect of making my students draw rather than take lecture
notes was it allowed me to give them more individualized attention and really see what
they were thinking. Engagement during drawing sessions was individualized and high.
This made it easy for me to interact with each student and ask them questions about their
work. Students generally liked to talk about what they were drawing and if it was correct,
I could give them immediate praise. If it wasn’t correct, it was easy for me to make a
suggestion of how to make the drawing more accurate.
This study improved my ability to learn more about each one of my students. Just
like artists develop their own voice, students in this study developed their own science
drawing voice, which was unique to each student. I found this fascinating. By the end of
the study I could pick up a drawing without a name on it and literally hand it to the
student who had created it. Although I don’t plan on such intensive use of learnergenerated drawings in the future, it is definitely something I will have my students do
especially for unobservable or abstract Earth science concepts.
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SCIENCE DRAWING SCORING CHECKLIST

Student Name ____________________
For Chapter - Section _______________________

Evidence Score
None = 0, Little = 1, Good = 2, Very Good = 3
CRITERIA
Drawing accurately
resembles ideas
from readings
Drawing has
detailed
information
(shapes,
measurement,
scale, color, title).
Drawing has
annotations (labels)

A written paragraph
describes the
drawing.

Drawing fits on the
paper, not too big,
not too small.

Total Out of 15

PRE-DRAWING

POST-DRAWING
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STUDENT INTERVIEW QUESTIONS
1. Before you read, and we discussed the topics you were going to be learning you had to
do a pre-drawing. What did you think about that?
2. You were asked to share your pre-drawings with a partner. What are your thoughts
sharing your pre-drawing?
3. How do you think the pre-drawing effected the focus of your reading of the textbook
material that followed?
4. After you read and listened to classroom discussions you had to do post-drawings.
What did you think about that?
5. How did your post-drawings compare to your pre-drawings?
6. Do you think using the pre and post drawing strategy helped your understanding of the
concepts we studied?
7. Do you like the strategy of making drawings to learn about the topics we studied? Why
or why not?
8. Is there anything else you would like me to know?

