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ABSTRACT KEYWORDS
Background: Draw-A-Scientist Test (DAST) has been one of the most Comic; drawing; children;
used instruments to study conceptions of scientists and science. It has conceptions; research
been especially useful for charting the conceptions of younger chil- instruments
dren who might lack the skills to express themselves in writing.

However, recent studies suggest that instead of children’s conceptions

of the appearance of scientists, their conceptions about the activities

are more crucial in shaping children’s attitudes towards science.

Purpose: This study describes a new instrument, Draw-A-Science

Comic (DASC), and examines the advantages and disadvantages of

using a comic as a tool to collect data about children’s conceptions

of scientists and science.

Sample: A total of 104 children aged 8 to 13 drew a comic while

attending university's science camps during the summer of 2017 and

2018.

Design and methods: Participants drew a comic about how

science is made. The analysis of the drawings was based on four

main categories: scientific activities, locations of research, appear-

ance of scientists, and emotions and attitudes. Instances for each

category were calculated by two researchers independently.

Qualitative overviews of the categories and the methods used to

convey information were formed.

Results: The children used sequential pictures to depict actions and

processes, speech bubbles to depict dialogue between characters

as well as text captions to provide additional details and clarifica-

tions. By drawing comics children were able to have more detailed

illustrations of scientific activities than with a single picture. The

sequential narratives were also used to depict emotions and atti-

tudes related to science.

Conclusions: In contrast to DAST, the DASC provides information

about children’s conceptions and stereotypes regarding scientific

activities even without the use of additional or more explicit prompts.

Introduction

Drawing, especially Draw-A-Scientist Test (DAST), is a popular and an effective method for
studying children’s conceptions of scientists and science (see Finson 2002; Miller et al.
2018). Drawings have also been used to study older students (e.g. Bayri, Koksal, and
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Ertekin 2016; Hillman et al. 2014; Hsieh and Tsai 2017), university students and pre-service
teachers (e.g. Brown and Wang 2013; McCarthy 2015; Meyer, Guenther, and Joubert 2019;
Miele 2014; Reinisch et al. 2017) about their views on scientists and science.

The DAST was created over 50 years ago to examine when students’ drawings began to
exhibit stereotypic indicators of scientists (Chambers 1983). Even though the study was
successful in fulfilling the original research purpose, many critiqued the test when it was
applied to other research questions concerning children’s conceptions of scientists and
science. Therefore, several researchers have modified the DAST by using alternative
prompts (e.g. Farland-Smith 2012; Miele 2014; Symington and Spurling 1990), scoring
systems or checklists (e.g. Farland-Smith 2012; Finson, Beaver, and Cramond 1995) and
additional interviews or questionnaires (e.g. Ehrlen 2009; Reinisch et al. 2017; Tirkmen
2008). Despite being popular for charting conceptions of scientists and science, the DAST
and the various modified versions of the DAST have still received a fair amount of critique,
and many researchers have highlighted the need for new or alternative research methods
(e.g. Farland-Smith 2012; Finson 2002; Reinisch et al. 2017; Schibeci 2006).

To expand the field of study, we have developed a new research instrument, the Draw-
A-Science-Comic (DASC), which uses student-drawn comics that could be used for map-
ping out children’s stereotypes, conceptions, and the attitudes towards scientists and
science. This study describes the DASC instrument and examines some of the advantages
and disadvantages of using a draw-a-comic task as a tool to collect data about children’s
conceptions of scientists and science.

Theoretical background
Why study children’s conceptions and attitudes?

While most students acknowledged the importance of natural sciences, many still con-
sider natural sciences, especially physics and chemistry, uninteresting or even off-putting
(e.g. Karnd, Hakonen, and Kuusela 2012). In a study by Jenkins and Nelson (2005), English
secondary school students stated that science is ‘rather easy to learn’ and it was seen as
a subject that ‘everybody should learn at school’. However, both boys and girls clearly
presented the dislike of sciences relative to other school subjects. As DeWitt and Archer
(2015) phrased: ‘students may enjoy doing science, but most do not aspire to be
a scientist’ (p. 2173).

If you were to think of a scientist, you would most likely imagine a Caucasian male, with
glasses and facial hair. He would be wearing a lab coat and working with some sort of
chemistry equipment. This stereotype has long been a predominant way the children
picture, or draw, a scientist (e.g. Cakmakci et al. 2011; Emvalotis and Koutsianou 2018;
Finson 2002; Miller et al. 2018). These stereotypic images of scientists and science interact
with children’s attitudes, self-image and self-efficacy (Archer et al. 2013; Christidou 2011;
Dimopoulos and Smyrnaiou 2005; Finson 2002), and therefore affect their success in
school as well as their subject and career choices (Fung 2002; DeWitt and Archer 2015;
Britner 2008). In other words, it is unlikely that children would pursue a scientific career if
their self-image does not correspond with that of a scientist or if they harbour negative
images about scientists or science.
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Research shows that these stereotypes and conceptions of scientists and science
develop in the early years of primary school (DeWitt and Archer 2015; Arthur et al.
2008; Lee 2010) and many continue to exist through adulthood (Losh 2010; Rahm and
Charbonneau 1997). Although several factors such as teachers and family shape children’s
conceptions of science and scientists (DeWitt and Archer 2015; Calabrese Barton et al.
2013; Aschbacher, Li, and Roth 2010), notable factors also include television, movies and
comics, which are filled with stereotypic views about scientists and science (Christidou
2011; Tan, Jocz, and Zhai 2017; Tarkmen 2008; Weingart 2008). Profiling and addressing
these stereotypes and conceptions early is crucial, because later students’ aspirations are
unlikely to change dramatically (Aschbacher, Li, and Roth 2010; Maltese and Tai 2011;
Archer et al. 2013).

To address this issue, we must have an accurate understanding of the stereotypes,
conceptions and attitudes people, especially the younger students, possess (Campbell,
Schwarz, and Windschitl 2016; Farland-Smith et al. 2012; Duit et al. 2012). Furthermore,
researchers have underlined the need for systematic studies linking students’ images of
scientists and science with science interventions, curriculum, and social and cultural
aspects (e.g. Cakmakci et al. 2011; Christidou 2011).

Brief history of drawing scientists and science

Chambers (1983) Draw-A-Scientist Test (DAST) was the first to illustrate the stereotypical
portrait of scientists. The study showed that this image developed already during
the second and the third grade of primary school. Since then, drawing has often been
used to examine the conceptions and views of children and adults alike. Due to its
simplicity, DAST has grown as one of the most used instruments to examine children’s
conceptions of and views on scientists and science (see Finson 2002; Miller et al. 2018).
One of the main advantages of the test is that it does not rely on verbal response. This
allows the test to be utilized at an earlier age than written essays or questionnaires (see
Chambers 1983; Finson, Beaver, and Cramond 1995). It also enables the comparison
between different languages without problems. Because the prompt is so simple and
intuitive, the data collection is easy and does not require expertise. This simplicity also
creates some notable drawbacks, especially concerning the validity of interpretations
made from the drawings. For example, Ehrlen (2009) noticed that similar pictures reveal
different underlying conceptions when the participants are interviewed, and she sug-
gested using descriptions to specify what they had drawn.

After the introduction of DAST, many researchers have presented a range of metho-
dological variations to improve the test. Symington and Spurling (1990) proposed and
tested the Draw-A-Scientist-Test Revised Prompt (DAST-R). They discovered that changing
a prompt altered the image for majority of grade 5 pupils. This is not surprising because
the original DAST prompt ‘Draw a picture of a scientist’ and the proposed ‘Do a drawing
which tells me what you know about scientists and their work’ steer the image towards
different directions. Both share the same fundamental elements but the first one focuses
more on the appearance and the second one provides more insight about their work. In
light of these findings Symington and Spurling (1990) encouraged to explore alternative
procedures.
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In order to improve the objectivity and the interrater reliability, as well as widen the
scope for stereotypical image, Finson, Beaver, and Cramond (1995) devised a new scoring
mechanism: DAST-Checklist. The checklist included a pointing system with added sub-
categories to original DAST and new categories, such as gender and mythic stereotypes,
to expand the image. The study examined the effect of an intervention and it was
conducted on junior high students by using a pre-test and a post-test when taking part
in science and technology-related courses.

Farland-Smith (2012) introduced a modified DAST with more detailed prompt and the
division of the scoring system into three categories: appearance, location and activity. This
has been an important step towards understanding children’s conceptions as latest
research suggests that conceptions and attitudes are more related to the activities of
a scientist instead of the appearance (Emvalotis and Koutsianou 2018; Christidou, Bonoti,
and Kontopoulou 2016).

In the end, the draw-a-picture approach has proved to be a rather versatile tool for
researching student’s conceptions of scientists and science. Prosser and Burke (2008) even
stated that ‘Children have the ability to capture feelings and emotions through drawings
and paintings while lacking an equally expressive written or spoken language’ (p. 266).
Drawings of scientists have been used to study the effects of culture, ethnicity and gender
(e.g. Christidou 2011; Christidou, Bonoti, and Kontopoulou 2016; Miller et al. 2018) as well as
to measure the impact of interventions and different teaching methods (e.g. Cakmakci et al.
2011; Hillman et al. 2014; Miele 2014). The draw-a-picture approach has been used to
examine students’ take on studying natural sciences and the use of ICT (e.g. Brown and
Wang 2013; Selwyn, Boraschi, and Ozkula 2009), as well as to differentiate differences
between certain fields of science (e.g. Hansen et al. 2017; Oktay and Eryurt 2012). The
approach has also been adopted to examine students’ understanding of scientific concepts
(e.g. Cabe Trundle et al. 2010; Dikmenli 2010; Ehrlen 2009; Erduran and Kaya 2018).

Methodological challenges

Even though modifications have sought to improve the reliability and validity (e.g.
Farland-Smith 2012), researchers have still highlighted several methodological challenges
regarding the DAST and other drawing instruments. When prompted to draw another
scientist, the depictions can also differ vastly from the first drawing (e.g. Losh, Wilke, and
Pop 2008; Maoldomhnaigh and Hunt 1988). This has led the researchers to conclude that
children can hold multiple conceptions of scientists. DAST has also received critique
regarding the children’s ability to illustrate what they actually perceive (e.g. Losh, Wilke,
and Pop 2008). Finson and Pederson (2011) stated that children’s drawings often deviates
from their perception of the world around them, because the drawings have
a communicative purpose. In general, asking to draw a scientist might provoke the
depiction of stereotypes and ignore additional existing conceptions. Thus, rather than
producing a depiction representing their ingrained preconceptions, children might be
inclined to produce a picture that they think is recognizable for the viewer.

The critique might be valid, but it does not render the recognition of these drawn
stereotypes or common presentations from children’s drawing meaningless. In order to
draw a recognizable characters or events, children must be aware of these stereotypes
and common conceptions — whether they considered them true or not. This indicates that
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the children have an understanding of these stereotypes and common conceptions. Even
when not fully believed as factual, such stereotypes can interact with children’s precon-
ceptions and attitudes (e.g. Archer et al. 2013; Christidou 2011; Dimopoulos and
Smyrnaiou 2005; Finson 2002).

Ball and Smith (1992) note that symbols can have multiple meanings, like a flag
presenting a nationality, patriotism or even a holiday. Similarly, Ehrlen (2009) found that
pictures resembling one another may have different underlying conceptions, and the
exact meaning behind drawings can only be given by the artist (see Reinisch et al. 2017).
Losh, Wilke, and Pop (2008) argued that sex differences on many study variables suggest
so many caveats that they recommended caution, when considering drawings of scien-
tists as indicators of children’s internal constructs, like self-efficacy. For a more detailed
history of methodological challenges and development of DAST, see studies by Finson
(2002), Losh, Wilke, and Pop (2008), and Reinisch et al. (2017).

Despite these challenges, drawing can still be considered as a viable alternative for
researching children’s images of scientists and science, and even their underlying con-
ceptions. To address the aforementioned challenges, most current studies use triangula-
tion and utilize multiple research instruments, such as questionnaires or interviews, to
accompany the drawing assignment (e.g. Reinisch et al. 2017; Tan, Jocz, and Zhai 2017;
Walls 2012). This enables participants to explain the drawing and to give meaning to
different symbols or elements. While some criticize the children’s ability to draw, other
means of data gathering are not without problems. Questionnaires and interviews are
appropriate and effective for older students and adults (e.g. Reinisch et al. 2017), but
younger children may harbour stereotypes before being able to express them explicitly
(Galdi, Cadinu, and Tomasetto 2014). Therefore, it can be argued that using an indirect
implicit measurement instead of verbal or written response might be more effective (see
Cvencek and Meltzoff 2015). Furthermore, especially when number of participants is high,
collecting and analyzing interviews and questionnaires can be time consuming (Johnson
and Onwuegbuzie 2011; McCusker and Gunaydin 2015).

Comic as a research tool

Lately, creating comics has been introduced as a research instrument. Comics have been
studied as a technique to teach and learn by combining science and art in a form of
a comic, and as a method for science communication (e.g. Spiegel et al. 2013; Tatalovic
2009; van der Veen 2017). Outside of natural sciences, comics have been used, for
example, to describe how children of immigrants view their parents, students prejudices
of different cultures, and student’s ideas on sustainable development (Mehlmann 2018).

The effectiveness of creating a comic for data collection stems from the ability to tell
a story through a combination of words and images (McCloud 1994; Mehlmann 2018;
Kuttner, Sousanis, and Weaver-Hightower 2017; Eisner 2008). Neither words nor images
are required to a comic but in narrative these two complement each other by using the
other to convey what the other does not (Kuttner, Sousanis, and Weaver-Hightower 2017).
In respect to text or a single picture, the comics can be described as multimodal and they
offer a wider array of modes of communication (Kress 2010). For example, a simple drop of
sweat flying from a person’s forehead can portray emotions, or simple wiggly lines can
represent a moving arm. Multiple frames also allow depicting a storyline more accurately
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by using both text and symbols to make the story understandable (cf. Hsieh and Tsai 2018;
McCloud 1994; Mitchell et al. 2011). For example, series of pictures can show the use or
the purpose of a research equipment or provide examples of the different aspects of
scientific work (cf. Losh, Wilke, and Pop 2008; Reinisch et al. 2017). As comics are a concept
that can be considered to be familiar to almost all primary school children, instruments
based on comic form also allow testing across national and ethnic boundaries.

A comic offers the children an opportunity to illustrate their ideas as they see fit; they
can use the wide array of pictorial elements and even add meaningful text of labels to
ensure the readability of the story (cf. Ehrlen 2009). This makes the use of draw-a-comic
tasks promising for charting children’s stereotypes and conceptions of science and
scientists. Using sequential pictures might invite children to tell stories, which could
help to illustrate the children’s stereotypes and conceptions of scientific activities (cf.
Christidou, Bonoti, and Kontopoulou 2016; Emvalotis and Koutsianou 2018).

Aim and research question

The goal of developing the Draw-A-Science-Comic is to expand the field of testing and to
help us better understand how children view the different aspects of science. The idea is
not to diminish or undermine existing methods but to offer an alternative research
instrument and to examine the advantages and disadvantages of using a draw-a-comic
task. In light of the criticism, in the analysis we refrain from making far-reaching general-
izations about children’s conceptions or attitudes based solely on their drawings. Instead,
the study investigates how children can portray different aspects of science when draw-
ing a comic rather than a single picture.

In some situations, drawing might enable the children to express themselves better
than a written questionnaire (Prosser and Burke 2008). When children draw a comicg, it also
allows them to write explanatory sentences and labels or even meaningful dialogue.
Whereas such things could be requested using an additional prompt, like has been done
in modified versions of DAST (e.g. Farland-Smith 2012; Reinisch et al. 2017), the use of
comic format and multiple pictures, text captions and speech bubbles gives the children
the freedom to tell a story or describe a process as they see fit (see McCloud 1994;
Mehlmann 2018).

As Farland-Smith (2012) has pointed out, the simple prompt of ‘draw a scientists’
provides information about children’s conceptions of the appearance of scientists.
However, these drawings do not usually provide researchers much information on
children’s conceptions of the scientific activities or the location of research.
Therefore, modified versions of DAST have been developed, which use interviews
and explicit prompts to provide researchers with information about children’s concep-
tions of these aspects (e.g. Farland-Smith 2012; Reinisch et al. 2017). In addition to
these three categories (activity, location and appearance), the preliminary analysis in
this study also revealed several drawings depicting emotions and attitudes towards
science and scientists. The hypothesis is that the comic format delivers us more
detailed information about the activities than a single picture, but it also might offer
additional information in other categories. The first research question aims to test this
hypothesis with a simple prompt and to observe how often these categories are
presented in the comics.
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(RQ 1) What percentage of the comics present information about the scientific activities,
emotions and attitudes towards science and scientists, research locations and appearance of
scientists?

The second research question is more qualitative. As the comic format allows the use of
multiple pictures, text captions and speech bubbles enable telling a story and describing
a process (McCloud 1994; Kuttner, Sousanis, and Weaver-Hightower 2017), we are inter-
ested how the use of these elements affects the depictions.

(RQ 2) How the elements of comic format are used to depict scientific activities, emotions and
attitudes towards science and scientists, research locations and appearance of scientists?

Methods
Prompt, sample and data collection

When using the DAST the children might be inclined to draw the common presentation of
scientists instead of their own depiction (Dove, Everett, and Preece 1999; Finson and
Pederson 2011). However, it has been pointed out that a more guided prompt might also
affect the drawings (see Reinisch et al. 2017). In addition, the prompt should not limit the
number of scientists or suggest a certain gender, location or activity (cf. Farland-Smith
2012; Reinisch et al. 2017). Keeping in mind these considerations from previous research,
the following simple prompt was formed: ‘Draw a comic about how you think science is
made’. As the children participating in this study were native Finnish speakers, the prompt
was translated into Finnish.

Using this prompt, a total of 104 drawings were obtained from children aged 8 to 13
who attended science camps organized by the University of Turku in southern Finland
during the summer of 2017 and 2018. The test was implemented at the beginning of the
camp to avoid the impact of the science-related experiences students had during the
camp. The method of data collection was based on the instructions by Mitchell et al.
(2011): The participants were given multiple sheets of paper, coloured pencils, crayons
and other possible drawing tools (e.g. marker pens, rulers and erasers) to ensure that they
could express themselves as they saw fit. The prompt was given in a written and a verbal
form. After receiving the task, all participants were verbally reminded that the focus is in
the content of the drawings not the quality, and that there are no right or wrong answers
to the task. The time of the task was not limited to ensure that everyone could finish their
comic without pressure.

Additional assistance was kept to a minimum to prevent the researchers from steering
the children unnecessarily. If the children asked for assistance during the task, it was
provided following these guidelines:

o If there is uncertainty about the task, the prompt should be repeated.

¢ Answering other questions related to the task should be always done in a way which
avoids providing children with ideas what to draw.

o After each answer, the children should be reminded that it is about their own views
and that there are no right or wrong answers.
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It must be noted that only few children asked for assistance, and re-reading the prompt
was often enough to reassure children that they understood the task.

Method of analysis

The framework of analysis was based on the three categories: scientific activities, locations
of research and appearance of scientists described by Farland-Smith (2012) and used
previously by Emvalotis and Koutsianou (2018) as well as Reinisch et al. (2017). Using
these categories, we independently analysed 37 comics, discussed the results, and refined
the framework of analysis. During this preliminary analysis we noticed that several comics
included portrayals of spontaneous expressions of emotions related to doing science as
well as attitudes towards science and scientists (cf. Hsieh and Tsai 2017). Thus, a fourth
category was added for the analysis: emotions and attitudes. Short description of each
category is provided in Table 1.

To answer the first research question, each comic was independently analysed by both
authors. We marked whether or not each comic included depictions of each of the four
categories of analysis or not. To keep the unnecessary interpretations to a minimum, we
marked only the instances in which elements of each category were clearly depicted. The
full description of the categories used during the final analysis can be found in the
following subsection. At the end, the results of analysis were compared with each other
and differences were discussed until a consensus was reached. The inter-rater reliability
was verified by calculating Cohen’s Kappa coefficient for inter-rater agreement in each
category.

To answer the second research question, we inductively formed the descriptions of how
the elements of the comic, such as multiple pictures describing activity or explanatory text
captions and speech bubbles (McCloud 1994; Kuttner, Sousanis, and Weaver-Hightower
2017), were used to depict the four categories of analysis. To support the interpretations
made, five comics are included to provide examples of the use of the comic format.

Table 1. The description of categories and examples of elements in each category.

Category Definition Examples
Appearance Drawings or written elements depicting the Stereotypic elements such as lab coat, glasses
appearance of a scientist and facial hair. Also non-stereotypic elements
such as ponytails and dresses.
Location Drawings or written elements depicting the Lab equipment, flasks, computers and other
working environment or the locations science related instruments. Also depictions
of nature or other spaces where science is
made.
Activity Drawings or written elements depicting the Research related activities such as
scientific activities hypothesising, conducting experiments,

discussing scientific problems or presenting
research results.

Emotions and Drawings or written elements depicting Emotions that are clearly expressed as changes
attitudes emotions that scientist feel or attitudes in facial expressions such as smiling and
towards scientists and science frowning or in expressions like ‘wow!". Also

expressing attitudes or emotions through
dialogue, text captions or symbols (e.g.
floating hearts).
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The categories of analysis

The activities category includes depictions or descriptions of how science is carried out.
These include depictions of phases of research as well as scientists doing research-related
activities such as hypothesising, conducting experiments, or presenting research results.
As with other categories, unnecessary interpretations were kept to a minimum. Thus, only
instances in which the activity is clearly depicted are included. For example, showing
a computer in a laboratory does not qualify as an scientific activity because no clear use is
assigned for the equipment (cf. Reinisch et al. 2017). To qualify as a scientific activity the
comic should depict that the computer is used for something, like collecting data, sending
emails or writing scientific papers. However, the picture of a computer or lab equipment
alone could be counted as a depiction of the location of research.

The emotions and attitudes category includes instances in which drawings depict
expressions of emotions that scientists feel while doing science or attitudes towards
science and scientists. The emotions and attitudes include depictions of scientist’s frus-
tration after a failed experiment and the relieved happiness after a success as well as
expressions showing lack of interest in science by the non-scientist characters. Only the
instances where these emotions and attitudes are clearly expressed are included. Such
depictions include changes in facial expressions as well as expressing emotions and
attitude through dialogue or written labels. However, unchanged facial expression of
a character does not qualify as a depiction of emotions and attitudes as the expression
can also be considered as a standard element of facial features.

The location category includes descriptions and portrayals of the surroundings or the
work environment. These include depictions of laboratory equipment, scientific instru-
ments, and outdoors. Also labels like ‘laboratory’ and ‘university’ are acceptable indica-
tors. However, a table with no equipment does not qualify as information about the
surroundings as it is not clearly science or task-related.

The appearance category includes depictions of the looks of the scientist or other
characters involved in doing science. The category includes depictions of stereotypic
features such as a lab coats, safety glasses, and messy hair, as well as elements like skirts,
ponytails and other non-stereotypic features. However, a stick figure with no prominent
features does not count as a depiction of the appearance of scientist.

Results

The results of the first round of analysis, including the Cohen’s Kappa for each category, are
presented in Table 2. The descriptions of the way the elements of comic format were used in
depictions are presented in four subsections, each focusing on one category of analysis:
scientific activities, emotions and attitudes, locations of research and appearance of scientists.

Scientific activities

Almost all analysed drawings included depictions of scientific activities. They were
included in 95 of the evaluated 104 comics. Comics depicted scientists involved in various
activities from thinking, evaluating and experimenting to discussing results and attending
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Table 2. Instances and percentage of comics including analysable elements
from each category of analysis (N = 104).

Category Instances Percentage Cohen’s Kappa
Activity 95 913 % 81
Emotions or attitudes 57 54.8 % .87
Location 71 68.3 % 79
Appearance 54 51.9 % 92
Elements of danger 45 433 % .86
Stick Figures 63 60.6 % .96
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Figure 1. A comic titled ‘Scientific research’ depicting difficulties during research.

NOTE: Mr. Doctor is working on a substance that will revolutionize the world, but suddenly it explodes.
Next day he drives to work and he is frustrated and shares his feelings with a colleague who
sympathises with the scientist. Later on, his third attempt he succeeds in creating the substance
again without the explosion and he is happy with the result.

scientific conferences. Examples of how children portrayed the process of science can be
seen in the following two comics (Figures 1 and 2).

The first comic (Figure 1) portrays science as process of creating something new
through rounds of trial and error. In the comic, a stick figure scientist is working in
a laboratory on a new substance which will ‘revolutionize the world'. However, for an
unknown reason, the created substance is unstable and explodes leaving shards of glass
on the counter. The next day he drives to work and another explosion goes off in the
laboratory. Eventually, the third experiment is finally a success.

The second comic (Figure 2) illustrates that science can be made to answer people’s
needs, even though it might not always be especially useful. Like in the previous comic
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Figure 2. The development of a robotic arm with distinctive reserach phases.

NOTE: While sitting on a toilet the scientist realizes that he can’t reach the toilet paper. He comes to a
conclusion that his arm is too short and he spends decades trying to solve the problem. When he
finally has created a solution — a robotic arm — he dies of old age and states that he could have just
moved the paper closer.

(see Figure 1) the comic describes a process of scientific inquiry, but now with distinctive
and labelled phases. During the first phase, the scientist encounters and identifies
a problem. In the second phase, he begins to study the problem and come up with
solutions for problem. This goes on for ‘many decades’ until he has reached a solution and
created a robotic arm. But when the robotic arm is finally working, the scientist dies of
old age.

In the analysed comics the scientific activities were depicted in a narrative format
through the use of sequential pictures and speech bubbles (see Kuttner, Sousanis, and
Weaver-Hightower 2017; McCloud 1994; Mehlmann 2018). In these narratives, texts cap-
tions were used to provide additional details or explanations. For example, the timeline
was usually presumed to progress in its own pace between the frames (see Pratt 2009),
but sometimes the time passed during the narrative was presented by using text captions.
The first comic (Figure 1) uses two such text captions: ‘on the next day’ and ‘1 hour later’.

Emotions and attitudes

Over half of the comics (54.8%) included expressions of emotions related to doing science
or attitudes towards science and scientists. These emotions were often linked to scientific
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activities and depicted both negative and positive emotions. The use of sequential nature
of comics and use of speech bubbles were used in depictions of expression of emotions.
As emotions are usually a response to something that happens (i.e, a sequence with
a stimulus and a response) a single picture cannot convey emotions in a similar fashion as
a sequence of pictures. For example, in the first comic (Figure 1) failing experiments cause
the scientist stress and frustration, but in the end the hard work pays off. The speech
bubbles and dialogue are used to express the emotions, from frustrated cry ‘Why always
me!” when experiment fails to a relieved ‘It works! when he finally succeeds.

Sequential storytelling and dialogue were also used to convey the perceived differ-
ences in attitudes towards science. In the third comic (Figure 3) two characters have
a discussion, in which one of the characters clearly expresses lack of interest or even
dislike towards science while the other character announces the desire to become
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Figure 3. Choosing sciences can lead to ridicule.

NOTE: One person decides to become a scientist and the other leaves for coffee while mocking the
other for this. When the person returns the other has made science by floating a balloon on a hair
dryer.
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Figure 4. Explosion depicted as a results of mixing liquids.
NOTE: Location is labelled as ‘chemistry class’. Two liquids are poured in and heated which leads to
explosion. The scientist is analysing that the explosion was perhaps due to overheating the mixture.

a scientist. When the person decides to be a scientist, the other person leaves and
comments this decision with a snide remark: ‘Oh no. Well, I'm going for a coffee. You
do your accomplishments. Ha-ha." When the less interested character returns the other is
in the middle of doing science by levitating a balloon on an air stream of a hair dryer.

The multimodal tools of comics were also frequently used to portray elements of
danger. 45 (43.3%) comics included elements of danger (see Figures 1 and 4), which
were almost exclusively explosion after mixing liquids leading to explosion sounds, rising
smoke and depictions of flying or bursting matter. Expressions of scientists varied from
happily surprised to scared or disoriented as a result of the explosion.

Location of research

From the 104 evaluated comics 71 (68.3%) included a recognizable location or locations.
Labels and captions, such as ‘laboratory’, ‘chemistry class’, and ‘shards of glass’ were used to
indicate the location or provide a description of what was drawn (see Figures 1 and 4). Use
of sequential pictures also enabled depictions of several research locations in one comic.
The locations drawn were mostly realistic laboratories, classrooms or outdoor locations, but
few exceptions were found. In two cases the comic style encouraged to draw a fictional
character, which in turn affected the location. One drew Donald Duck working in lab located
in Scrooge’s money vault, and other drew Indiana Jones exploring an ancient temple.

Appearance of scientists

54 comics (51.9%) included elements related to the appearance of a scientist. In most
comics the scientists were presented as the protagonists of the story. In addition to the
protagonist of the study, some comics included other scientists or researchers in the roles
of colleagues or supervisors (e.g. Figure 1). Often scientist were drawn with one or more
indicators for the standard image of a scientist (see Chambers 1983), such as lab coat,
safety goggles or eyeglasses and facial hair (see Figures 1 and 2). To highlight the
stereotypical nature of these indicators, one of the comics (Figure 3) depicted
a stereotypical scientist with glasses, beard and a test tube in his hand as a painting on
the wall.
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Figure 5. Doggersaur rex illustrating how science is connected to serendipity.

NOTE: A dog is walking in a laboratory or an office. For no apparent reason, an anglerfish is eating
another fish on the background. The dog knocks two test tubes into his bowl and after eating it, the
dog turns into a hybrid of a dog and a dinosaur.

In 63 comics (60.6%) the characters were drawn as stick figures (e.g. Figures 2, 3, and 4).
However, captions and speech bubbles were frequently used to provide more informa-
tion about the scientists. For example, in Figure 1 text caption specifies the gender of the
stick figure by referring the scientist as ‘Mister Doctor’. Similarly in Figure 2, the aging
causes the scientist to grow a beard indicating that the scientist is a male.

Comic books often use anthropomorphic animals as protagonists, but only 8 comics
included fictional characters or talking, thinking or otherwise anthropomorphic animals.
For example, Figure 5 depicts a dog walking in a laboratory or office, where test tubes are
located on the table. Hungry dog knocks the test tubes over to its bowl and drinks it. Then
he magically turns into a doggersaur rex, a hybrid between a dog and a tyrannosaurus rex.

Discussion

As expected, almost all analysed comics included depictions of scientific activities. Thus,
the simple prompt used in the DASC seemed successful in providing analysable informa-
tion about children’s conceptions of scientific activities without the need to resort to
longer prompts or additional questionnaires. Sequential narratives seemed also to enable
depicting the activities in more detailed way as well as rationales for them (cf. Reinisch
et al. 2017). For example, in Figure 4 the liquids are intentionally mixed but in Figure 5
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they are accidentally mixed by knocking them over. Such depictions could provide
insights on how children perceive science as a process of investigation.

The sequential storytelling and the use of speech bubbles for depicting dialogue also
enabled the expression of variety of science-related emotions and attitudes. For example,
one of the emotions connected with the process of scientific inquiry was the frustration
stemming from failed experiments (see Figure 1). Previous studies have shown that
emotions such as failure and frustration as well as the joy of overcoming challenges are
integral part of inquiry learning (e.g. Lamminpaa and Vesterinen 2018; Veermans and
Jarveld 2004). Even though low to moderate levels of some negative emotions such as
anxiety can sometimes be seen as encouraging or even motivating by the students, some
emotions and attitudes can have a detrimental effect on children’s willingness to study
natural sciences (e.g. Archer et al. 2013; Tulis and Fulmer 2013). For example, in the one of
the comics (Figure 2) the final thoughts of the scientists on his deathbed illustrate that
perhaps he should have sacrificed less of his life to science. Such storylines show a belief
that while scientists find science fascinating and are overtly devoted to their research,
non-scientist find science uninteresting or even repulsive (see also Figure 3). Such
attitudes might make children reluctant to show their interest in science, because they
know their peers, friends or family might find it unpleasant or uninteresting (cf. DeWitt
and Archer 2015; Jenkins and Nelson 2005; Karna, Hakonen, and Kuusela 2012; Rahm and
Charbonneau 1997). On the other hand, some comics presented scientific discoveries
merely through coincidences and serendipity (see Figure 5), which might illustrate
a conception that succeeding in science depends on luck rather than hard work.

Various labels and text captions were frequently used to provide more information
about scientific activities, emotions and attitudes, research locations as well as appear-
ance of scientists. The labels were added most likely to ensure that the reader under-
stands the drawing as it was intended. Thus, through the use of labels and text captions,
in the DASC the participants might be able to compensate their lack of skill to illustrate
their conceptions (cf. Losh, Wilke, and Pop 2008).

However, the comic might also invoke certain undesired aspects like added excitement
or funny instances. Similarly, they might invite to draw explosions which were often
displayed in the comics. In comparison, recent DAST studies have less elements of danger
among primary school students varying from almost non-existent to 9.0% (e.g. Emvalotis
and Koutsianou 2018; Tirkmen 2008) whereas 43.3% of the comics included dangerous
elements. Even though many mythic and dangerous elements have diminished during
the last 50 years (see Finson 2002), many adults consider that scientific work is dangerous
(NSB 2002). The children may well share the same stereotypic conception of science as
dangerous, but in DAST the single picture favors the display of static indicators such as
warning signs, dangerous chemicals and poison (see Chambers 1983). Therefore, DASC
might be more suited to present dangerous elements that are related to scientist’s
activities, like mixing liquids. Even though elements of danger are sometimes seen as
a negative stereotype which might discourage students’ interest in science, it should also
be noted that for children such elements can also be a source of excitement.

In depicting the appearance of scientists, the use of stick figures was rather prevalent.
This was expected because drawing more detailed characters is more time-consuming
than drawing a single picture, and stick figures were chosen to have more time to focus
on the story itself. Even though text captions (see Figure 1) and progressing storyline (see
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Figure 2) provided more details about the scientists, the stick figures were mainly plain,
and the only added information was usually the gender of the scientist.

Limitations of the DASC

Some limitations must be noted before drawing conclusions. Firstly, the sample has a bias
as the participants are voluntarily taking part in a science camp. Secondly, no alternative
tests were used to analyse the meaning of the drawings or the children’s attitudes
towards science. We acknowledge that the sample might not present a general group
of children and for more reliable results the data should be collected randomly from
children, for example from different schools and different grades.

The DAST has received critique regarding the children’s ability to illustrate what they
actually perceive (e.g. Losh, Wilke, and Pop 2008) and this applies also to the DASC.
Especially with younger children, one should also take into account that some children are
not confident enough in their skills to draw a comic or simply do not like to draw (e.g.
Einarsdottir, Dockett, and Perry 2009). This is especially crucial since drawing a comic is
a more complicated task than drawing a single picture. Comics offer the possibility to use
text captions, speech balloons and sound effects to convey information, but no complex
writing is required. This gives the children the freedom to choose what type of commu-
nication they prefer — written or drawn. For children aged 8 to 13 the task of drawing
a comic is reasonable, but more research is needed to see if it is suited for the youngest
primary school students. In the end, indirect measurement methods, such as the DASC,
might still be advantageous as younger children may lack the skill to express themselves
by writing (see Cvencek and Meltzoff 2015).

To comply with the prompt given, students are likely to draw something they consider
recognizable for the viewer. This can lead students to illustrate heavily stereotypical situations
and characters. Also using the word ‘comic’ in the prompt might invite children to draw
elements typical for comics, such as cartoon characters, accidents, dangerous situations and
funny instances. Thus, much like with DAST (see Finson and Pederson 2011; Toma, Greca, and
Orozco Gémez 2018), researchers using DASC should be careful when making conclusions
about students’ conceptions of science and scientists based solely on the drawings.

To help researchers in validating the interpretations made from drawings, more recent
versions of DAST have adapted questionnaires and interviews as a part of the protocol
(see Chang et al. 2020), and it would be advisable to use similar techniques with DASC.
Due to the young age of the participants, an open interview would probably be the most
viable option, as it also enables the children to assign meaning and value to their
drawings (cf. Reinisch et al. 2017; Einarsdéttir 2007). Use of such interviews would allow
the researcher to verify what is drawn and how the drawings reflect children’s actual
conceptions. The use of alternative prompts not using the word ‘comic’, such as ‘draw
a story about how you think science is made’, could also be used to reduce the number of
elements typical for comics.

Conclusions

As we expected based on the previous studies (see Mehlmann 2018), the use of draw-
a-comic task as a tool allowed and invited the children to tell stories about scientists and
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science (see Eisner 2008; McCloud 1994). In the analysed comics, the children used
sequential pictures to depict actions and processes, speech bubbles to depict dialogue
between characters as well as text captions to provide additional details and clarifications.
This provided us with plenty of analysable information about scientific research as an
activity as well as emotions and attitudes related to science. The children also used text
captions, speech bubbles and explanations to provide additional details about research
locations and appearance of scientists. However, although the use of sequential pictures
enabled the depiction of several research locations within one comic, the types of the
locations were similar to ones appearing the DAST studies (e.g. Emvalotis and Koutsianou
2018). It should also be pointed out, that the prevalence of stick figures and anthropo-
morphic animals makes the traditional draw-a-scientists task more suitable for studies
focusing on children’s stereotypes about the appearance of a scientist.

Describing scientific research as an activity is difficult using only one static picture and
therefore later modified versions of DAST have included an explicit prompt for a written
description of what the scientists do (e.g. Farland-Smith 2012; Reinisch et al. 2017). In contrast
to modified DAST, the DASC provides more information about children’s conceptions and
stereotypes regarding scientific activities without the need for a longer and explicit prompt.
These stereotypes include the traditional working in a chemistry laboratory (e.g. Emvalotis and
Koutsianou 2018), but also indicate other possible stereotypes such as activity-related explo-
sions. The activities are portrayed through sequential pictures which include additional
information about the activities as they provide a timeline and add meaning to the instru-
ments used (cf. Reinisch et al. 2017). The activities show a variety of conceptions related to
making science, and a further study linking these different conceptions to children’s attitudes
might help to understand why students are not considering to embark on scientific careers. As
previous studies have suggested (Emvalotis and Koutsianou 2018; Christidou, Bonoti, and
Kontopoulou 2016), it is probable that children’s conceptions about the activities scientists are
more prominent in shaping their interest towards a scientific career than their conceptions
about the appearance of scientists or the location of research.

Use of sequential storytelling also allowed the children to depict thought processes,
activities during different phases of research as well as collaboration between scientists. As
the closer analysis of such depictions could provide us more knowledge about how children
perceive the process of scientific inquiry, the DASC might be also used to study children'’s
conceptions about scientific inquiry and nature of science. For example, the second comic
(Figure 2) depicted science as a creative process seeking solutions to a practical problem.
When studying such conceptions, the DASC could be used in conjunction with instruments
such as the views about scientific inquiry (VASI) questionnaire (Lederman et al. 2014).

The DASC also provided analyzable information about the children’s conceptions of
the emotions related to making science as well as the attitudes toward science and
scientists. These emotions and attitudes were depicted by changes in facial expressions,
in dialogue between characters as well as by explanations provided in text captions. For
example, comics depicted expressions of frustration upon failure and joy of overcoming
challenges during research, as well as attitudes towards science as a career, such as being
mocked for being interested in science. As depicting such things in a single picture would
be highly challenging, analytical frameworks used for DAST have not included such
category. However, using a draw-a-comic task such depictions were rather prevalent
and could probably be analyzed in even more detail.
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According to previous research (e.g. Krapp and Prenzel 2011), affective components
such as emotions and values related to science play central role in development of
interest towards science. Thus, a closer analysis of depictions of such depictions might
contribute to our understanding of the development of the various emotions and
attitudes related to children’s interest in science. Even though DASC seems more suitable
for observing scientific activities than DAST, we recommend applying both methods to
a same sample and comparing the results. For future studies, we also propose using open
interviews in conjunction with drawings to surpass the limitations related to making
deductions about children’s actual conceptions of science and scientists. During the
interview, the drawings would provide a platform on which the children can elaborate
their conceptions. Finally, to verify the impact of the comic format, alternative prompts
should be considered and tested.
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