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Draw-A-Science-Comic:     
Alternative prompts and the presence of danger 
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The early years of primary school are important in shaping how children see 
scientists and science, but researching younger children is known to be difficult. 
The Draw-A-Scientist Test (DAST), in which students are asked to draw a scientist, 
has been one of the most popular ways to chart children’s conceptions of scientists 
and science. However, DAST tends to focus mainly on children’s conceptions about 
the appearance of scientists. To focus more on children’s conceptions of scientific 
activities as well as the emotions and attitudes associated with science, the Draw-
A-Science-Comic test (DASC) was recently introduced. This study compares three
alternative DASC prompts for two age groups of respondents (8- to 10-year-olds
and 10- to 13-year-olds). The prompts asking students to draw a comic or a set of
pictures produced significantly more sequential storytelling and depictions of
science related emotions and attitudes than the prompt asking students to depict
a story. The depictions of elements of danger, such as accidents and hazards in the
laboratory, were also frequent in drawings with sequential storytelling. A more
detailed analysis of the depictions showed that the frequency of elements of
danger was closely associated with depictions of activity especially in the field of
chemistry. For example, several comics included failed chemical experiments
leading to explosions. Although depictions of danger are sometimes interpreted as
a negative conception, in the children’s drawings the explosions and overflowing
flasks were often seen also as a source of excitement and joy. Based on the result
of this study, the use of DASC seems a suitable way for charting children’s
conceptions of scientific activities as well as the emotions and attitudes associated
with science from the early years of primary education until the beginning of
secondary education.

Keywords: Draw-A-Scientist Test, DAST, science education, primary school, 
stereotypes, drawing, misconceptions  

1 Introduction 

If you were asked to picture a scientist, you would most likely think of an older man 
in lab coat, fizzy hair, safety glasses and chemistry equipment. This is not surprising 
as it is the predominant way children depict a scientist (Chambers, 1983; Finson, 
2002; Miller, Nolla, Eagly, & Uttal, 2018), and it is so deeply rooted that even teachers 
and adults hold similar stereotypic views (Losh, 2010; McCarthy, 2015). When 
questioned further, people might additionally have alternative and more accurate 
views on scientists (e.g. Finson, Beaver, & Cramond, 1995), but the stereotype is 
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usually the first one to pop into one’s mind. At first glance, this might not seem 
particularly harmful, but it paints a distorted image of science as suitable only for 
eccentric, old and overly genius men (e.g. Finson, 2002; Reis & Galvao, 2004) and 
lonely researchers who have devoted their whole life to science (e.g. Christidou, 
Bonoti, & Kontopoulou, 2016). These kinds of conceptions might be the underlying 
cause why students won’t find science interesting or consider taking up a career in 
sciences (e.g. Archer et al., 2013). 

Drawing tasks have been a common method for data collection to study these 
stereotypes and other conceptions of scientists. One of the most frequently used 
method has been the Draw-A-Scientist Test (DAST) (see Chang et al., 2020; Finson, 
2002; Miller et al., 2018). Drawing is especially useful for studying children as it 
doesn’t require advanced writing or verbal skills (Finson et al., 1995; Prosser & Burke, 
2008), but it has also turned out to be an effective tool for studying older students and 
adults alike (e.g. McCarthy, 2015; Reinisch, Krell, Hergert, Gogolin, & Krüger, 2017). 
The DAST was originally designed to determine when students’ drawings begin to 
exhibit stereotypic indicators of scientists (Chambers, 1983). It has since then been 
modified by using alternative prompts (e.g. Symington & Spurling, 1990), revised 
checklists (e.g. Finson et al., 1995) and evaluation rubrics (e.g. Farland-Smith, 2012). 
The studies have also focused to address different research questions, such as the 
effects of ethnicity, culture and gender (Christidou, 2011; Christidou et al., 2016; 
Miller et al., 2018) as well as the impact of different teaching interventions (Cakmakci 
et al., 2011; Hillman, Bloodsworth, Tilburg, Zeeman, & List, 2014; Miele, 2014). 

Originally DAST focused on the stereotypic appearance, but lately it has also been 
used to study students’ conceptions of research environments and research activities 
(e.g. Farland-Smith, 2012; Reinisch et al., 2017). Emvalotis and Koutsianou (2018) 
have pointed out that students’ attitudes towards science are probably more linked to 
their views about science as an activity than to their conceptions about the appearance 
of scientists. This in mind, Lamminpää, Vesterinen and Puutio (2020) introduced a 
new method: the Draw-A-Science-Comic (DASC). It was built on DAST, but the idea 
was to focus especially to the scientific activities and the related emotions by drawing 
comics. The results showed that children would be able to express their thoughts 
about scientists’ work better than in DAST by using sequential pictures. However, in 
their comics children often included dangerous elements and situations, such as 
explosions when mixing liquids, which might be due to the comic format. This study 
develops the method introduced in the aforementioned pilot study further by 
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evaluating the use of three different prompts. It also explores the way children depict 
danger in their sequential drawings. 

2 Literature 

2.1 The influence of the stereotypic image 

A standard or a stereotypic image of scientist plays a crucial role in shaping people’s 
conceptions and attitudes from childhood to adulthood. The stereotypic image 
develops already during the first years of primary school (Arthur, Bigler, Liben, 
Gelman, & Ruble, 2008; Chambers, 1983; DeWitt & Archer, 2015), and from that 
point on stereotypes, conceptions and views related to science have a notable impact 
on children’s attitudes towards science (Archer et al., 2013; Christidou, 2011; 
Dimopoulos & Smyrnaiou, 2005). This also affects their motivation, interest in the 
subject, and even school and career choices (Britner, 2008; DeWitt & Archer, 2015; 
Fung, 2002). Even greater impact comes from the fact that these views persist firmly 
to adulthood (Losh, 2010; Rahm & Charbonneau, 1997), after which the aspirations 
are unlikely to change dramatically (Aschbacher, Li, & Roth, 2010; Maltese & Tai, 
2011). 

These attitudes can be seen in many developed countries. For example, in Finland 
a report including over 65 000 9th graders noted that while students acknowledge the 
importance of natural sciences, they find it uninteresting or even off-putting (Kärnä, 
Hakonen, & Kuusela, 2012). Jenkins and Nelson (2005) noticed similar results among 
secondary school students in England. The phenomenon is peculiar because students 
still considered science as important and something that ‘everybody should learn in 
school’ (Jenkins & Nelson, 2005; Kärnä et al., 2012). While some students still find 
science fascinating, in the end, they do not see themselves working as scientists 
(DeWitt & Archer, 2015). This leads to a conclusion that the usual way of highlighting 
the importance of science is not enough to encourage students to pick up a career in 
sciences. 

In addition to the standard image, this can be applied to the stereotypes regarding 
the scientific activities (cf. Emvalotis & Koutsianou, 2018) and other aspects, and it is 
paramount to address these issues at an early age. In order to do so, we must have a 
wider and deeper understanding of young children’s stereotypes and conceptions 
affecting their attitudes (Campbell, Schwarz, & Windschitl, 2016; Duit, Gropengießer, 
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Kattmann, Komorek, & Parchmann, 2012; Farland-Smith, Finson, Boone, & Yale, 
2012). 

2.2 The stereotypic image and the modified DAST 

David Chambers (1983) was the first to use drawing as a method to observe when 
children began to form the stereotypical conception of the appearance of a scientist. 
In his Draw-A-Scientist Test (DAST), primary school students were asked to ‘draw a 
picture of a scientist’ and the instances of indicators for a standard image of a scientist 
were counted. The standard image could better be described as a stereotype of a 
scientist as on older Caucasian male with a lab coat, glasses, fizzy hair, and 
surrounded by chemistry equipment, and it developed during the first four years of 
elementary school. Later on, researchers have modified the DAST to include 
additional aspects and to answer alternative research questions. The following 
summary focuses on the most relevant modifications and studies. For a more detailed 
history of the (modified) DAST, using drawings as a research instrument, and the 
related methodical challenges, see studies by Finson (2002), Losh et. al (2008), 
Reinisch et. al (2017), and Chang et. al (2020).  

Symington and Spurling (1990) compared the original prompt (‘Draw a picture of 
a scientist’) to a new one: ‘do a drawing which tells me what you know about scientists 
and their work’. Although some children produced similar depictions with both 
instructions, the majority did not. The inclusion of participants’ own beliefs and the 
differences in the drawings indicated that children might hold alternative views but 
are inclined to draw the stereotype when the traditional prompt is used. The prompt 
is guiding the focus to scientists’ work and not just the appearance. In a similar 
fashion, the impact of the prompt has been noted and utilized for alternative research 
foci, like conceptions related to scientists in different fields of science (e.g. Hansen et 
al., 2017; Oktay & Eryurt, 2012). 

In 2003, Donna Farland introduced the modified DAST, which included a revised 
prompt and a new rubric to evaluate the drawings (Farland-Smith, 2012). She had a 
more detailed prompt asking the participants to imagine scientists working, draw 
them busy with work, and add captions what they are saying or doing. The pictures 
were evaluated for the level of accuracy in three different categories: appearance 
(what scientists look similar to), location (where scientists work), and activity (what 
scientists do). Including activity into the evaluation was a step towards better 
understanding children’s views and attitudes towards science. As recent studies show, 
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the attitudes are more related to conceptions of what scientists do instead of what they 
look like (Christidou et al., 2016; Emvalotis & Koutsianou, 2018). 

Scientific activities are difficult to portray in a single picture (see Reinisch et al., 
2017), which led to the development of the Draw-A-Science-Comic test (DASC) 
(Lamminpää et al., 2020). The test was based on the modified DAST, but instead of 
using a single picture, the participants were asked to draw a comic. With a comic the 
participants could depict activities, human interaction, emotions, and tell a story 
through sequential pictures (cf. Eisner, 2008; Kress, 2010; Kuttner, Sousanis, & 
Weaver-Hightower, 2017). The prompt was designed as open as possible (see Reinisch 
et al., 2017), and the participants received only the prompt: ‘Draw a comic about how 
you think science is done’. 1 The results showed that almost every comic depicted 
scientific activities, such as different phases of research, solving problems, and 
discussing or evaluating results. Furthermore, many comics showed an affective side 
of science, such as frustration and anger due to failed experiments, astonishment of 
chemical reaction and joy of a successful task (cf. Hsieh & Tsai, 2017). However, DAST 
seemed to be more suited to observe the appearance and the location. Lamminpää 
and his colleagues (2020) also noted a significant amount of dangerous elements and 
situations, such as explosions after mixing chemicals, when compared to DAST. In 
light of these findings, they suggested testing alternative prompts to study the impact 
of the comic format. 

2.3 The critique of DAST and drawing instruments 

Despite being popular, drawing as a research instrument has also received a fair 
amount of critique. For example, when prompted to draw another scientist, some 
children tend to draw a character that is vastly different from their earlier depiction. 
This has lead researchers to conclude that children can hold multiple conceptions of 
scientists (e.g. Losh et al., 2008; Maoldomhnaigh & Hunt, 1988). Finson and 
Pederson (2011) even stated that children’s presentations often differ from the views 
they express in interviews. They argued that drawing assignments might encourage 
the children to draw pictures they think are easily recognizable to the viewer. While 
this might be true, charting the stereotypes still holds value. Even if the students do 
not fully believe their depicted stereotypes to be factual, the portrayal of stereotypes 
shows the children are at least aware of them, and such awareness might affect their 

 

1 Translated from Finnish. 
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attitudes towards science. However, all drawings are subjected to interpretations, and 
as such, it is difficult to explicitly connect different aspects in drawings to conceptions 
or attitudes of individual students (Losh et al., 2008). This is especially important 
when interpreting symbols that might hold multiple or even hidden meanings (Ball & 
Smith, 1992; Reinisch et al., 2017). Furthermore, the children’s ability or willingness 
to depict their conceptions has been criticised (e.g. Yuen, 2004). While drawing does 
not require verbal or written answers, children have limited drawing abilities and they 
might struggle to convey their ideas through drawings. 

To address the aforementioned challenges it has been suggested, that additional 
data gathering methods should be utilized to verify researchers’ interpretations and 
to assign meaning to drawn items (e.g. Reinisch et al., 2017). Thus several studies have 
used additional questionnaires and interviews to triangulate children’s thoughts more 
accurately (e.g. Ehrlen, 2009; Hillman et al., 2014; Reinisch et al., 2017). 
Questionnaires and interviews can be considered appropriate for older students and 
adults (McCarthy, 2015; Reinisch et al., 2017), but younger children may harbour 
stereotypes before being able to express them explicitly (Galdi, Cadinu, & Tomasetto, 
2014). Therefore, the use of indirect measurements, such as drawing, might be more 
effective for younger children than verbal or written methods (Cvencek & Meltzoff, 
2015; Losh et al., 2008). Similarly, Chang and colleagues (2020) summarized in their 
systematic review four main justifications for using drawings as a research tool: a) an 
alternative to overcome the young participants verbal and writing abilities, b) a 
method to reveal aspects not easily recognized with other methods, c) a major method 
that reflects characteristics of science subjects and (d) a formative assessment to 
diagnose students’ ideas to benefit their learning. 

3 Rationale and research questions 

This study continues the development of the Draw-A-Science-Comic test (DASC). In 
DASC the children are able to depict especially their conceptions of scientific activities 
and emotions related to science through sequential pictures (Lamminpää et al., 
2020). However, the prompt might affect the way children depict science and research 
(e.g. Symington & Spurling, 1990). For example, in DASC the word ‘comic’ in the 
prompt might invite children to draw unwanted accidents and dangerous situations. 
The goal of this study was to test alternative prompts and their effect on the children’s 
depictions of science and scientists while maintaining the sequential story-telling 
format. A more detailed description of the different categories and the analysis is 
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presented in the method section. Three different DASC prompts were used and their 
impact on the depictions of science was compared. As the data was collected from two 
different age groups, the differences between the age groups were also analysed. The 
research questions were: 

1.  How do the alternative prompts for the Draw-A-Science-Comic test (DASC) 
affect the frequency of sequential storytelling as well as the frequency of 
depictions of appearance, location, activity, emotions and attitudes, and 
elements of danger? 

2.  How children’s age affects the frequency of sequential storytelling as well as the 
frequency of depictions of appearance, location, activity, emotions and 
attitudes, and elements of danger. 

To further understand the results of the first round of analysis, the results in each 
category were compared with other categories. The closer analysis revealed that the 
elements of danger were associated with activities and especially with laboratory work 
in chemistry. Thus, the second round of analysis focused on the depictions of elements 
of danger and sought to answer two interconnected research questions which were: 

3.  How elements of danger were depicted in a sequential format? 
4.  How prevalent were the depictions of elements of danger in the most frequently 

depicted fields of science? 

4 Method 

4.1 Design of the prompts 

The Draw-A-Science-Comic test uses the prompt ‘Draw a comic about how you think 
science is done’ (Lamminpää et al., 2020). The prompts used in the study were in 
Finnish and prompts presented here are translations of the prompts. The idea of 
DASC is to invite the children to draw sequential pictures and enable them to tell a 
story about how scientists work through a wide array of different modes of 
communication (see Lamminpää et al., 2020). Two alternative prompts with the same 
aim were designed for this study. The first revised prompt replaced the word ‘comic’ 
with the word ‘story’ and the second revised prompt used the phrasing ‘set of pictures’. 
Both prompts have a similar purpose as the comic and they invite to tell a story 
through multiple frames and sequential storytelling. The complete prompts are 
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presented in Table 1. 

Table 1.   Participants and their age group for each prompt. 

Prompt Age Participants 

Draw a comic about how you think science is made 8–10 37 
10–13 36 

Draw a story about how you think science is made 8–10 40 
10–13 28 

Draw a set of pictures about how you think science is made 10–13 39 

4.2 Participants and data collection 

The data was collected from 180 children attending the science camps of a Finnish 
university during summer 2018. The summer camp participants were chosen 
randomly from those who applied. The main topics for the camps were physics and 
astronomy, nature science (biology and chemistry), and robotics. The camps were 
organized for two separate age groups (8-10 year-olds and 10-13 year olds) which 
allowed us to compare the effects on different age groups. However, we had 5 test 
groups which consisted of 2 younger and 3 older groups. As we considered the set of 
pictures task to be less tangible, it was chosen to be drawn only by the older 
participants. The DASC was administered before the camps started during the info 
session and the prompts included roughly equal distribution of participants from all 
camp themes. By request of the organizers, no personal data was gathered to ensure 
the anonymity of the children. According to the guidelines set by the Finnish National 
Board of Research Integrity TENK (Kohonen, Kuula-Luumi, & Spoof, 2019) consent 
to participate was obtained from the children as well as their parents. The number of 
participants for both age groups are presented in the Table 1. 

The data was collected before the science camp started, but the children were most 
likely influenced by their expectations about the upcoming camp. This increases the 
probability to include these ideas in their drawings. In addition, it should be taken 
into account that children taking part in science camp are also most likely more 
interested and better informed about science than their peers on average. Thus, we 
refrain from making generalisations about the prevalence of the views depicted. 
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4.3 Method of analysis 

During the first phase each drawing was analysed using four main categories. These 
mutually non-exclusive categories included the depictions about the (i) appearance of 
scientists, (ii) locations of research, (iii) research activities, and (iv) emotions and 
attitudes related to science and research. The definitions for each category are 
intuitive and include depictions and information of the category (see Lamminpää et 
al., 2020). The exact nature of these depictions, however, is not included in the 
analysis due to the lack of supporting data gathering methods, and the aim of this 
study is to focus on the effect of the different prompts. As the use of sequential 
storytelling is the central characteristics of DASC, the instances of sequential stories 
were also calculated. Non-sequential drawings included both single DAST-like 
pictures as well as collections of separate pictures that did not tell a linear story (cf. 
Reinisch et al., 2017). One of observation of the initial DASC study (Lamminpää et al., 
2020) was that elements of danger seemed to be rather prevalent in DASC drawings. 
Therefore, the instances of elements of danger were also included in the analysis. The 
Chi-squared test was used to calculate the significance of differences between the 
original DASC task and the two alternative tasks. To ensure the reliability of the 
analysis, all drawings were independently analysed by two coders. To measure the 
inter-rater reliability during the first phase of analysis, Cohen’s Kappa was calculated 
for each category. After this, the differences in the analysis were discussed until a 
consensus was reached. 

As an example of the first phase of the analysis, we present a comic drawn by a 10- 
to 13-year-old (Figure 1). The comic consists of three separate sequential depictions 
of scientists doing research in the fields of astronomy, chemistry and biology. In the 
first one, a person is observing stars with a telescope. The second part shows how 
mixing wrong liquids leads to an explosion or the mixture pouring over. The 
experiment still seems to yield a new scientific finding. The last depiction shows a 
researcher finding a flower. When she cannot find the description of the species in a 
book, she comes to a conclusion that she has found a new species. Even though the 
comic portrays scientists as stick figures, it still includes variation in the depictions of 
the appearance of scientists. For example, only one of the scientists—the 
astronomer—had glasses. The comic included also depictions of several locations of 
research as well as research activities.  
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 A comic with three strips depicting different scientific research activities.                                        
The text is translated from Finnish. 

By comparing the results in each category of analysis with others, it was noticed, 
that the depictions of elements of danger were related to the depictions of activity. To 
provide a better overview of how the activities and dangers were related, the elements 
of danger were further categorized into two inductively formed categories. In this 
second phase of analysis, each element of danger was categorized either as a part of 
the activity, such as an explosion resulting from mixing liquids, or as a static symbol 
of danger, such as a warning sign. 

During the closer analysis of the depictions of elements of danger, it was also 
noticed, that most of the elements of danger seemed to be connected with depictions 
of chemical laboratory experiments. To evaluate the significance of this observation, 
different activities were categorized based on the fields of science depicted in the 
drawing. The categories were again formed inductively. The most often depicted fields 
of science included chemistry, biology, space research and robotics. Some of the 
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drawings included multiple activities with different fields of science (see Figure 1). 
The Chi-squared test was used to calculate the statistical significance of the 
differences in the frequency of the elements of danger associated with each recognized 
field of science. As an example of a drawing depicting danger associated with 
chemistry, the story from an 8- to 10-year-old depicts a female scientist with a lab coat 
and safety glasses mixing liquids in a laboratory (Figure 2). In this drawing, the 
danger was clearly part of the activity. The story also included depictions of emotions 
related to scientific research. The story begins with frustration caused by constant 
explosions. After a while the researcher tries again, changes clothes and is seemingly 
happier. However, another explosion follows, causing some disorientation or 
confusion, which leads to boiling anger and a packed suitcase. The story ends with a 
phrase ’I quit’.  

 

 A story depicting a female scientist becoming fed up with explosions and quitting her job. The 
text is translated from Finnish. 
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5 Results 

Regardless of the prompt used, most drawings (88 %) included depictions of activity. 
With all three prompts the depictions of locations and appearances were less frequent 
than depictions of activities. The frequencies of depictions of activity, emotions and 
attitudes, and elements of danger were consistently higher in the older age group than 
in the younger age group. The results of the first round of analysis for each prompt 
and age group are presented in Table 2. 

Table 2.  Percentages of different categories for each prompt and age group. For statistical significance 
*p<.05 and **p<.005 when compared to the comic prompt. The inter-rater reliability measured with 
Cohen’s Kappa is presented in last column. 

Categories Comic Story Set of 
pictures  Cohen’s 

Kappa 
 Younger Older Younger Older Older Total  
Appearance .35 .50 .40 .36 .26* .37 .90 
Location .46 .75 .68 .61 .77 .66 .84 
Activity .73 .94 .80 .96 .97 .88 .85 
Emotions and 
attitudes .41 .58 .20* .29* .44 .38 .89 
Sequential storytelling .86 .94 .58** .50** .95 .78 .95 
Elements of danger .22 .53 .20 .36 .23* .30 .86 

 

The comic and story prompts were used in data collection for both age groups. When 
the results of the analysis these two prompts were compared, there were no 
statistically significant differences in most categories of analysis (see Table 2). 
Statistically significant differences were seen in two categories of analysis. In both age 
groups, the story prompt provided significantly less depictions of emotions and 
attitudes, χ2 (1, N = 77) = 3.87, p = .05 for younger and χ2 (1, N = 64) = 5.63, p = .02 
for older, as well as drawings that used sequential storytelling, χ2 (1, N = 77) = 7.91,  
p = .05 and χ2 (1, N = 64) = 16.59, p = .001 respectively. 

The set of pictures prompt was used only for the older age group. Again, for most 
categories of analysis, there were no statistically significant differences between the 
set of pictures and comic prompts (see Table 2). Both prompts produced a relatively 
high proportion of drawings using sequential storytelling. The set of pictures prompt 
produced less drawings with depictions of emotions and attitudes, but the difference 
was not statistically significant, χ2 (1, N = 75) = 1.63, p = .20. Statistically significant 
differences were found in the frequency of the depictions of appearance χ2 (1, N = 75) 
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= 4.75, p = .03 and elements of danger χ2 (1, N = 75) = 7.06, p = .008. When the 
categories of analysis were compared with each other, it could be seen that the 
drawings depicting activities had significantly more depictions of elements of danger 
than other drawings χ2 (1, N = 180) = 7.73, p = .005. There were also slightly more 
depictions of emotions in drawings with depictions of elements of danger. However, 
the difference was not statistically significant χ2 (1, N = 180) = 1.22, p = .27. 

The depictions of elements of danger were usually the repercussions of the 
research and portrayed through sequential pictures. For example, in chemistry the 
mixing of two substances preceded the reaction which was then observed as an 
explosion or a rapid overflowing of the mixture. Altogether, in 89 % of all depictions 
of danger, the danger was depicted as a part of an activity and only six out of the 54 
dangerous elements depicted (11 %) were traditional static warning signs such as 
warning labels. The emotions depicted in connection with elements of danger 
included varying emotions, such as joy, surprise, fear and bewilderment. 

Each prompt provided depictions of research on various fields of science. For these 
categories of analysis there were no statistically significant differences between the 
different prompts. The most common field of science depicted in the drawings were 
chemistry (101), biology (33), astronomy (30) and robotics (13). The dangerous 
elements were predominantly related to chemistry, χ2 (1, N = 177) = 28.50, p < .001, 
and 87 % of all elements of danger were portrayed in drawings including chemistry 
activities. These depictions consisted mostly of explosions or rapid reactions resulting 
in overflowing flasks. These explosions could not directly be associated with fear and 
they often included emotions such as joy and bewilderment. In contrast, drawings 
with biology were depicted as significantly less dangerous than other fields of science 
(p=.004) and included only two depictions of danger. Even in these two cases the 
depictions of danger were part of chemistry laboratory activities. 

6 Discussion 

As expected, the frequency of depictions in all categories of analysis increased with 
age (see Table 2) and this supports the findings of DAST and drawing related studies. 
Firstly, the stereotypes and conceptions develop during the first years of primary 
school (e.g. Chambers, 1983). The older children have a more exact or refined 
conceptions of science and other categories and thus they can provide more 
information about these categories. At the same time, older children tend to have 
better drawing abilities and are able to express themselves better through drawings 
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(cf. Jolley, Fenn, & Jones, 2004). Despite the use of labels and written text, younger 
children might leave out information they are unable to draw. However, the use of 
indirect and implicit measurements might be more effective than written or verbal 
responses (Cvencek & Meltzoff, 2015). The challenging nature of studying children’s 
conceptions and the complex nature of these conceptions makes it impossible to 
attribute the results solely to either of these factors. 

For all prompts the depictions of appearance of scientists and location of research 
were considerably less frequent than depictions of activities. Based on the results of 
this study, the DASC format seems to offer no clear advantage in examining the 
conceptions regarding the appearance of the scientist or the research locations when 
compared to the traditional or modified DAST (cf. Chambers, 1983; Emvalotis & 
Koutsianou, 2018; Fung, 2002). 

Almost all prompts provided drawings with frequent descriptions of scientific 
activities. However, the drawings collected using the story prompt were more often 
non-sequential and bore resemblance to the traditional DAST. Sequential storytelling, 
inherent to comic format, is especially suited to the description of action and activities 
(see Eisner, 2008; McCloud, 1994). Drawings using only a single picture to describe 
the activity can be more prone for misinterpretations as the activity has to be 
deciphered from the context of the picture without further information about the 
activity, such as how the depicted instruments are used (see Reinisch et al., 2017). 
Thus, the use of the comics and the set of pictures prompts seem more suited than the 
story prompt or the traditional DAST for charting students conceptions of scientific 
activities and the process of doing science. 

Depictions of emotions and attitudes were more frequent when using the comics 
prompt than the other two prompts. However, the difference was statistically 
significant only compared with the story prompts (see Table 2). As emotions are often 
based on a stimulus and a response, sequential storytelling can be used to illustrate 
situations that provoke emotions. Thus, sequential drawings such as comics are well 
suited for depicting how scientific activities evoke emotions, such as frustration 
caused by a failed experiment. Measuring the exact nature of the emotions and 
attitudes expressed in the drawings was not in the scope of this study, and in the 
future, it would be beneficial to try to categorize and link the emotions in the drawings 
to children’s attitudes towards science by using additional data gathering methods 
focusing on children’s views about science and scientific inquiry (see Johnson & 
Onwuegbuzie, 2011; Lederman et al., 2014; Walls, 2012). 
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As suggested by Lamminpää and his colleagues (2020), the children might be 
more prone to present elements of danger when asked to draw a comic. In DAST the 
elements of danger are usually warning signs or labels but in DASC the elements of 
danger were mostly depicted sequentially as part of an activity. However, it is not self-
evident that seemingly dangerous situations such as liquids shooting out of containers 
should be considered as dangerous. They can also be the desired result of the 
experiment and not a dangerous accident. This interpretation is supported by 
multiple comics showing bewilderment and joy after the experiment with captions 
like ‘wow’. In contrast, the traditional warning signs and labels occurring in the DAST 
might be considered as more distinct indications of danger. However, Fu and her 
colleagues (2015) pointed out that even these can also be related to safety precautions 
learnt at school and, therefore, might not illustrate the actual perceived danger. The 
problem with the current method is that it might not reveal actual conceptions of 
danger and its relation to the drawing. The other common factor among the elements 
of danger is the portrayed activity. Most dangerous elements were related to 
chemistry whereas biology was always depicted as a safe activity. 

Regardless of the prompt, the occurrences of dangerous elements, such as 
explosions, were still considerably more frequent than in the DAST studies (cf. 
Emvalotis & Koutsianou, 2018; Türkmen, 2008). The elements of danger depicted 
were usually portrayed through sequential pictures as the repercussion of the research 
activity. For example, in chemistry, the mixing of two substances preceded the 
reaction which was then observed as an explosion or a rapid overflowing of the 
mixture. This shouldn’t be surprising as many polls and questionnaires indeed show 
that many people consider scientific work as dangerous or at least are worried by the 
potential risks (cf. Edwards, Ceci, & Ratcliffe, 2016; National Science Board, 2002). 
On the other hand, the static warning labels were observed only in few drawings and 
the number is more in line with the aforementioned DAST studies. To ensure the 
actual meaning and reason for drawing the explosion, we recommend interviewing 
children because the drawings do not necessarily depict actual conceptions of danger. 
Moreover, as the depictions of danger were much more frequent when depicting 
chemical research than other fields of science, the conception of science as something 
dangerous seems to be associated mainly with the chemical sciences. Thus, 
generalisations about children’s conceptions about the elements of danger in science 
in general should not be made from a single drawing.  
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While drawings included variety of scientific activities from hypothesizing and 
analysing to experimenting and discussing science, the main emphasis in the 
depictions was on research through experimentation and observations within the 
context of chemistry, biology, and astronomy. Unsurprisingly, the most usual 
conception of scientific activities are related to research and its various aspects (see 
Emvalotis & Koutsianou, 2018; Reinisch et al., 2017). However, Hsieh and Tsai (2018) 
observed that children consider that learning science happens mainly through teacher 
oriented classes. This was also observed in drawings showing classroom environment 
and lecturing. Our analysis did not differentiate between doing science in school or 
actual scientists working, and the drawings depicted both real scientists and children 
doing science while some of the characters could not be label as either. In the future, 
it might be beneficial to differentiate between children doing or learning science and 
actual scientists working. 

Before making conclusions we wish to point out some observations and 
limitations. Firstly, when making inferences based on the p-values, they should not 
be used as definitive proof but more as incremental evidence (see Baker, 2016; Vidgen 
& Yasseri, 2016). To increase the reliability of the inferences made, triangulation with 
additional data gathering methods should be used whenever possible. As no 
additional data gathering methods, like interviews, were in this study the 
interpretations of the elements in drawings are debatable to some extent despite the 
Cohen’s Kappa values. Lastly, the participants had most likely a positive bias towards 
science and they were affected by the upcoming camp, which is why we refrain from 
making generalisations about the prevalence of the conceptions. 

7 Conclusions 

The aim of this study was to test alternative prompts and their effect on children’s 
drawings of science while providing a sequential picture format. From the three 
prompts the comic and the set of pictures offer a suitable instrument to observe 
students’ conceptions of the scientific activities and the related emotions and 
attitudes. The story prompt, on the other hand, resulted often in non-sequential 
drawings more similar to DAST. In line with the previous DASC study (Lamminpää et 
al., 2020), the effectiveness comes from the sequential pictures that describe the 
activities and the use of instrumentation more explicitly than a single picture (cf. 
Reinisch et al., 2017).  Similarly sequence is often needed to express emotions which 
are usually a response to events or situations (see Lamminpää et al., 2020). In 
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contrast, the DASC and different formats seem to offer no advantage to examine the 
appearance of the scientist or the location where the scientists work when compared 
to the traditional or modified DAST. The differences between the age groups could be 
attributed either or both to the development of conceptions during primary school 
ages or the improved drawing ability (cf. Jolley, Fenn, and Jones 2004; Chambers 
1983). 

The comics and the set of picture drawings both included more dangerous 
elements than the DAST (cf. Emvalotis & Koutsianou, 2018; Türkmen, 2008) and 
highlight how the dangerous elements are connected to the activity instead of static 
warning labels. However, the occurrence of dangerous elements was higher in the 
comics. While the prompt might be responsible, other factors such as the activity and 
field of science were observed to affect the occurrence of danger.  For example, the 
majority of dangerous elements were depicted as part of chemistry related activities. 
However, it does not necessarily mean that children see chemistry as dangerous. 
Firstly, the dangerous situations are our interpretation, and for children the liquid 
shooting out from a flask might be the intended, controlled and safe result. Secondly, 
the dangerous elements were often seen as exhilarating and inspiring instead of 
causing worry or fear. The exact nature of these depictions and the connection to 
attitudes cannot be determined without additional questionnaires or interviews (see 
Reinisch et al., 2017) and further research is required. Whereas many people consider 
science dangerous (e.g. National Science Board, 2002), based on the results we 
propose that researchers would instead focus on specific fields of science. Describing 
natural sciences as a whole is not viable if the conceptions and stereotypes differ wildly 
across different fields of science. For teaching practices this implies that it is 
paramount to distinguish different fields of science when discussing and addressing 
stereotypes or misconceptions. 

As almost every activity was related to research, we propose that in the future the 
prompt could be changed to explicitly focus how scientists do research. This might be 
beneficial for the younger children by being more concrete and ruling out portrayals 
of students learning themselves (see Hsieh & Tsai, 2018). As an alternative, it would 
be interesting to study how children see themselves doing science. However, the 
repeating portrayal of research indicates that children might not be aware of other 
aspects of scientific work. The prompt could also be modified to focus on different 
fields of science. This could help us to better understand how conceptions and 
stereotypes differ between fields of science. 
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This study did not include triangulation by using additional data gathering 
techniques. To have a more accurate understanding of children’s drawings and 
conceptions behind them, additional questionnaires or interviews should be used as 
has been done in modified DAST (e.g. Hillman et al. 2014; Reinisch et al. 2017). An 
open interview in which children explain their drawings would help researchers in 
making interpretations and offer the possibility to link drawings to actual conceptions 
and attitudes (see Losh et al., 2008). For example, this would allow verifying if the 
explosions are truly considered dangerous. 
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