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Abstract

Creativity is an important skill that will increasingly play a role in the future professional sphere,
not only in arts and crafts professions but also in science, technology, engineering and
mathematics (STEM) professions. It is precisely in this field that new methods and products have
to be constantly developed. Therefore, the promotion of high creative potential needs to start at
school. Extracurricular learning activities that prepare pupils for science competitions can also
have an impact on this promotion. Since few studies have explored divergent thinking in school
chemistry classes and extracurricular science competitions, this study aims to show differences in
divergent thinking based on gender, parental academic background and prior participation in a

science competition, using a validated test.

Keywords: 215 century skills, creative thinking ability, creative problem solving, formal education,
informal science education, open-ended problems, problem-solving skills

INTRODUCTION

Creativity is a skill that is becoming increasingly
important. The World Economic Forum recently
published its ‘Future of Jobs” report, in which creativity
is listed as the third most important job skill in 2020
(Gray, 2016). Other skills closely related to creativity,
such as ‘complex problem solving’” and ‘cognitive
flexibility’, are ranked as number one and number 10.
The fact that three creative skills are included in the top
10 list highlights the importance of creativity for the
future. “To prepare for 2030, people should be able to
think creatively, develop new products and services,
new jobs, new processes and methods, new ways of
thinking and living, new enterprises, new sectors, new
business models and new social models”, claims the
Organisation  for  Economic  Cooperation and
Development (OECD) (2018). Therefore, countries
should consider offering education that is in line with
this, in order to develop nation’s economy (Suardiman
& Kumara, 2018). In order to prepare the next generation
accordingly, creativity must be promoted. To this end,
the promotion of creativity as part of the school
curriculum is essential. Creativity fosters the generation
of new ideas and solutions to problems (Abraham, 2016).
One important characteristic of creativity is the ability to

think  divergently = (Omusonga, Indoshi, &
Achieng’Rabari, 2011). Divergent thinking is a cognitive
ability of a creative person that is strongly associated
with problem finding and problem solving (J. P.
Guilford & Hoepfner, 1976, Runco & Okuda, 1988).
Pupils can learn about problem awareness and problem
solving in a flexible way at school, not only in artistic
subjects but also in STEM subjects like chemistry.
However, the often-used frontal teaching method in
classical chemistry lessons is not suitable for promoting
creativity (Gartner, 1997; Kind & Kind, 2007). Creativity
can be unfolded in a certain level of freedom in the
classroom (Alane Jordan Starko, 2010). Enjoying more
freedom in learning in chemistry lessons not only
promotes creativity but may also encourage pupils to
consider a career in chemistry.

Teachers play a key role in implementing creativity
in the classroom. Teaching should therefore move away
from its classical recipe-like structure and more towards
independent, pupil-centred methods, since these give
pupils the opportunity to develop, test and revise their
own ideas (Semmler & Pietzner, 2017). Teachers need to
learn to pass control to their pupils and view them less
as a disruptive factor when they ask original questions,
but more as an enrichment (Kettler, Lamb, Willerson, &
Mullet, 2018).
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Contribution to the literature

e No studies exist so far addressing problem discovery and divergent thinking in science competitions.
This case study shows differences regarding problem discovery and divergent thinking between school

pupils and science competition participants.

e No differences in divergent thinking appear between the groups regarding parental and no parental
academic background within school pupils’ group, as well as within science competition participants.
These findings contradict with Smith and Carlsson (Smith & Carlsson, 1985)

e Interestingly, the most creative in this study can be found in the control group and not in the group of

the science competition participants.

In addition to the school as a formal learning location,
children interested in science can participate in
extracurricular activities such as science competitions. In
preparation for such competitions, pupils work freely
and independently on their projects to generate a
solution to their problem in their free time. Here,
divergent thinking is needed to seek solutions to the
problem as widely as possible (Wirt, 2011). At Germanys
most famous Young Scientist Competition (Schiiler
experimentieren), pupils have the opportunity to apply to
the competition with their projects in the areas of work
environment, biology, chemistry, geo- and space
sciences, mathematics/IT, physics, and technology
(Jugend forscht e.V., 2020c). This competition not only
develops the joy of the subject and possible career
options in science fields and an easy career entry due to
the network of the sponsors, but also economic
opportunities by registering a patent for particularly
novel and original solution of a problem. Although
divergent thinking is required in extracurricular
learning activities, it has not yet been studied in any
detail. Only Mund (2007) used a figural creativity test to
compare the creativity of two different Young Scientist
(Jugend forscht) and Music (Jugend musiziert) national
Competition and the control group at school. The aim of
the study presented here is to investigate the possible
differences in problem discovery and divergent thinking
abilities of pupils taking part in Germany’s Young
Scientist Competition (Schiiler experimentieren) and those
of pupils in German high schools that did not take part
in the competition. To this end, a validated test was used.
The main results regarding differences in gender,
parental academic background and previous
participation in a science competition are presented.

THEORETICAL BACKGROUND

Creativity is everywhere, in our work and our
personal lives, but there is no unified concept of
creativity. ]J. P. Guilford, the founder of modern
creativity research, emphasized the importance of
creativity and triggered a veritable trend in the United
States after initiating such research in the 1950s. In the
1970s, this trend also reached Europe. Since the is no
uniform definition of creativity, this paper is based on
Urbans (2004) model of creativity, which is the first basic
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definition of this paper. He defines creativity as the
ability to develop a new product that represents a
solution to a previously perceived problem. In his so
called 4-P-E model, he describes the entire interaction
process as consisting of the factors Problem, Person,
Process, Product, which are surrounded by the
Environment. According to Urban, “factors of the
macro-environment - socio-historical, cultural,
economic and political - as well as factors of micro-
environments, such as socio-economic conditions of the
family, regional and local conditions, determine the
reach/breadth and the existence or the recognizability of
possible problems to be solved creatively” (Urban, 2004,
p- 32). Problem solving is needed for creativity (Urban,
2004), and the previously perceived discovery of a
problem also requires a creative person. Problem
discovery is a cognitive component of a creative person,
as they will have a certain problem sensitivity; they
recognize problems and formulate them. Finding and
solving problems is a basic requirement for creative
performance (Runco & Okuda, 1988; Wakefield, 1985).
Runco and Okuda used these creative characteristics in
their study and state that “problem discovery is a
particularly important component in the creative
process because it occurs first, and because the quality of
a problem may in part determine the quality of
solutions”. One of their key findings was that problem-
finding skills are statistically independent of problem-
solving skills (Runco & Okuda, 1988).

To solve the sensitively perceived problem, another
important cognitive component of a creative person is
needed, which is called divergent thinking (Urban,
1991). Thereby, the creative person solves problems by
thinking broadly to generate alternate solutions (Joy
Paul Guilford, 1959). Guilford was the first who defined
divergent thinking. ‘In divergent thinking operations we
think in different directions, sometimes searching,
sometimes seeking variety’ (Joy Paul Guilford, 1959, p.
470). This definition is the second basic definition of this
paper. In contrast to convergent thinking, where people
follow a set path. Divergent thinking is an important
skill of a creative person for creative thinking (J. P.
Guilford & Hoepfner, 1976), for this reason divergent
thinking belongs to the important field of creativity
research (Silvia et al., 2008). Various divergent thinking
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tests are available to measure creative abilities by
evaluating the criteria fluency, flexibility and originality
(Runco, Abdulla, Paek, Al-Jasim, & Alsuwaidi, 2016).

The third and final basic theory of this paper is the
division of creativity in various levels and its framework,
which is summarized in the Four C model (Kaufman &
Beghetto, 2009). Many earlier studies define creativity as
little-c or Big-C. Little-c is about the everyday creativity
that almost everybody generates, for example when
coming up with a creative solution to an everyday
problem at work. Big-C is ‘eminent creativity’, or the
creative work of geniuses (Kaufman & Beghetto, 2009).
The Four C model builds on the earlier Big-C/little-c
model, as not all aspects of creativity, such as children’s
creativity at work and at play, were included in this model
(Daniels, 2013). Therefore, mini-c can be understood as a
form of transformative learning, which is highly
significant for the individual and appears in the form of
experiences, actions and insights (Daniels, 2013). In
addition to mini-c, the Four C model also names little-c,
Pro-C and Big-C. Pro-C refers to professional creativity of
experts, but is not overwhelmingly creative, whereas
Big-C has a large impact on culture (Daniels, 2013). For
pupils, little-c is important in school and extracurricular
activities like the Young Scientist Competition (Daniels,
2013; Alane J. Starko, 2018).

Although creativity is part of curriculum
(Niedersdchsisches Kultusministerium (Hrsg.), 2012,
2015, 2017), the rigid teaching structure in which lessons
are strictly planned according to the theory, elaboration
and results phases (Meyer, 2002), inhibit creativity in
classroom. Typical lessons are equivalent to convergent
thinking, which is defined by Guilford (1959, p. 470) as
information that leads “to one right answer or to a
recognized best or conventional answer”. Therefore,
pupils who follow this thinking process are rewarded
with good performance in exams, whereas the
performance of divergent thinkers is neglected or
punished (Cropley, 1978; Getzels & Jackson, 1962). Many
teachers have already recognized the importance of
creativity, but not the importance of divergent thinking
in classroom. Although the majority of teachers (94%) in
a European study on creativity in schools in the EU said
that “creativity is important to be developed in schools”
(Cachia & Ferrari, 2010, p. 11), only 10% of teachers
currently believe that divergent thinking is important
(Springub, Semmler, Uchinokura, & Pietzner, 2017).
They do, however, recognize that they need to be
creative themselves and to think broadly in the face of
today’s austerity in the education sector. However,
STEM subjects such as chemistry offer a great
opportunity to develop pupils” problem discovery and
divergent thinking ability in classroom. Therefore,
teachers must break away from the often used frontal
teaching method (Gartner, 1997; Kind & Kind, 2007) and
create an appropriate environment in which pupils can
work fearlessly and independently, by ensuring

favourable emotional and motivational conditions that
promote individual thinking processes and reward
original problem solutions (Cropley, 1978). A pupil-
centred method is suitable here, in which the pupils have
the opportunity to develop their own ideas, to test and
revise them (Semmler & Pietzner, 2017).

Unlike in formal school settings, in junior
laboratories, pupils have the opportunity to work
differently and more freely. Many of these laboratories
have been established in Europe over the past decades to
promote interest in science (Janstova, Dvotdkova, & Jac,
2016). As a result, non-formal learning was created by
science centres and junior laboratories (Affeldt,
Tolppanen, Aksela, & Eilks, 2017; Council of Europe,
2003). Non-formal learning settings offer a big impact on
pupils’ learning and the development of scientific
literacy (Robelen, 2011) and provides a “great
opportunity to support science learning, develop
competence and enhance student achievement” (Sahin,
2013, p. 7). As long as the aims and content of activities
in after-school programmes are well defined, they are a
means to “foster interpersonal competence, help define
life goals, and promote educational success” (Wirt, 2011,
p- 48). They also foster positive interaction and
relationships with peers and adults (Mahoney, Cairns, &
Farmer, 2003).

Though, participation in extracurricular activity like
science competition differs between the sexes. Girls are
underrepresented in science competitions, especially in
domains like chemistry (Abernathy & Vineyard, 2001;
Janstova, et al., 2016; Lengfelder & Heller, 2002). Gender
is a cultural construct (Riischenpohler & Markic, 2020)
that differs between the countries. The cultural gender
determinant may explain low participation in
extracurricular activities because girls associate science
with a masculine profession (Barth, Kim, Eno, &
Guadagno, 2018) and therefore cannot see themselves as
scientists (Baker & Leary, 1995; Kennedy & Parks, 2000).
Reason for that view of a scientist might be caused by
stereotypes of scientists and gender stereotypes (Carli,
Alawa, Lee, Zhao, & Kim, 2016). Gender issues do not
justify with the lack of interest of women, but “that
people perceive women to have fewer of traits needed a
good scientists” (Carli, et al., 2016, p. 246). Thus, the role
of scientists is related to gender stereotypes “that frame
science as masculine and women scientists as less
competent” (Akl, 2012). The gender role of women is
more associated with communal, but less attributed to
scientists, whereas male stereotypes agree with the
stereotypes of a scientist and are perceived as highly
agentic (Carli, et al., 2016). In addition, pupils with low
stereotypical views (Barth, et al., 2018) and positive self-
concepts are more likely to be interested in a STEM
occupation  (Riischenpohler &  Markic,  2020).
Experiences in school, as well as at home or in
extracurricular activities strengthen the STEM self-
efficacy and interests of girls and are in no way inferior
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to their male classmates (Barth, et al., 2018). However,
the self-concepts of German pupils differ between
gender (Riischenpohler & Markic, 2020). Boys have a
stronger chemistry self- concept than girls, whereas
within the group of Turkish migration background, the
results are reversed. They attribute these results to
stereotypes in STEM, because in they are less associated
with masculinity in Turkey than in Germany
(Ruschenpohler & Markic, 2020). Although girls of
Turkish migration background have a higher chemistry
self-concept, this is not reflected in vocational training or
studies at wuniversity. Vocational training or
commencement of studies is related to social
background and less to scientific skills and school-
leaving qualifications (Bundesministerium fiir Bildung
und Forschung, 2008). The German education system is
particularly important here, primarily disadvantaging
children from socio-economic disadvantaged families
(BMBF, 2019), and female migrant children (Farrokhzad,
2015). Overall, the total number of women in STEM
professions in Germany is low. Only 28% freshman at
university in STEM subjects are women (OECD, 2017)
and accounted for only 15.4% of STEM jobs in 2018
(Agentur fiir Arbeit, 2019). The low participation of girls
in scientific extracurricular activities and later in STEM
professions depends on gender stereotypes, as well as
stereotypes of scientists, self-concept and parental home.
Especially parents are the most important influencers in
the development of children’s interests and strengthen
their self-confidence. With regard to Germany and the
parental socialization of the science-related job
expectations of their children, it can be seen that the
influence of parents who attach high or low priority to
natural science, does not affect the science-related job
expectations of their children (Taskinen, 2010).
Moreover, regardless of children’s gender, parent’s
priority attributed to the natural sciences by the parents
does not affect on children’s science-related job
expectations. However, there are differences in science-
related job expectations regarding socio-economic status
of parental home. For example, children with science-
related job expectations are more likely to live in
parental homes in which at least one parent is pursuing
an academic science-related profession (Taskinen, 2010).
In addition to parents, teachers also have an influence.

Instructions for teachers recommend to improve the
classroom atmosphere “that build a climate that
encourages students to support one another’s academic
and career interests regardless of gender” (Barth, et al.,
2018). In addition, teachers should strengthen their
pupils” self-concept relating to STEM subjects (OECD,
2018; Springub, et al., 2017). If this is not done, the
process of socialization means that girls will often be
excluded from gender atypical professions as early as
the ages of six to eight years old (Kirsten, 2007), which
supports the circumscription and compromise theory of
Gottfredson (1981, 1996). Children start thinking about
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career aspirations and occupation of gender stereotypes
as early as the age of two and a half and five years to
elementary school age (Barth, et al.,, 2018), when they
also start to exclude occupations that they perceive as
gender atypical (Gottfredson, 1981). These gender
atypical differences in preferences will not change
during the long process of career choice from early
elementary school through high school (Gottfredson,
1981), only at college age do students become aware of
the professional stereotypes (Barth, et al., 2018). The
latter in particular can be good predictor of interest in
STEM, increases with age in girls (Barth, et al., 2018) and
should therefore be encouraged earlier in school life. A
German coaching program to strengthen girls in STEM
occupations recommend that girls benefit from a mono-
education in experimentation meanwhile they show
more actively and initiative because they have to adapt
less to gender stereotypes (Oerke & Eigenstetter, 2018)
and provide themselves in direct competition with the
boys (Schuster, Stilzle, Winker, & Wolffram, 2014). There
are differences in group composition in mixed sex
groups, both in school and in extracurricular activities.
Webb (1984) showed that a balanced female to male ratio
in groups equated to a balance in achievement and
interactions, whereas groups with a majority of boys
tended to ignore the girls and achieve better learning
outcomes themselves. Boys are therefore not only more
dominant in groups, but also more effective in
competitive environments than girls (Gneezy, Niederle,
& Rustichini, 2003). Boys participate more often in
competitive activities (Gneezy, Leonard, & List, 2009, p.
1637), and their competitiveness is often named as an
important reason for participating in chemistry and
physics competitions (Janstova, et al., 2016).

In the present case study, the focus is on science
competitions and addresses the question of possible
gender differences, as well as parental academic
background and previous participation in a science
competition regarding problem discovery and divergent
thinking. Therefore, data was collected on Germany’s
most famous Youth Science competition, Jugend forscht,
which was established in 1965 to foster an interest in
science in adolescents. It is supported by the German
chancellor and president, as well as by 16 Ministries of
Education and the Arts and many large companies
(Jugend forscht e.V., 2020b, 2020d, 2020e). Participants
aged 10 to 14 take part in the junior category, Schiiler
experimentieren, and the older participants aged 15 to 21
take part in the Jugend forscht category. Participants who
have worked on a project in one of the seven areas of
work environment, biology, chemistry, geo- and space
sciences, mathematics/IT, physics, and technology
present their results to a jury in the regional competitions
(Jugend forscht e.V., 2020c). The winners of the regional
competitions go on to participate in the federal contest;
for Schiiler experimentieren participants, this is the final
level. Winners of the federal competition at the Jugend
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Table 1. Questionnaires by Wallach and Kogan (1965) and Wakefield (1985)

Adapted presented problem test (DT) by Wallach and Kogan (1965)

Adapted problem discovery test (PD) by
Wakefield (1985)

Instances “Name all the round things you can think of”,

“Choose a category, then list instances of

“Name all the things you can think of that will make a noise”, it”.
“Name all the things you can think of that move on wheels”.

Alternate uses

“Tell me all the different ways you could use a knife”,

“Choose an object then list uses for it”.

“Tell me all the different ways you could use a chair”.

Similarities

“Tell me all the ways in which a potato and a carrot are alike”,
“Tell me all the ways in which a cat and a mouse are alike”,

“Choose two objects that are alike, then list
your ideas of how the objects are similar”.

“Tell me all the ways in which a radio and a telephone are alike”.

forscht level are allowed to participate in the national
competition (third level).

The divergent thinking abilities of pupils in science
education have not been adequately studied, as only one
study of creativity in extracurricular learning activities
like Jugend forscht exists (Mund, 2007). Isolated studies of
physics classes in Asian countries such as China (Hu &
Adey, 2002), Korea (Jo, 2009) and Malaysia (Mohtar,
Halim, & Iksan, 2016), as well as in African country like
Kenya (Omusonga et al, 2011) and one European
country like Greece (Diakidoy & Constantinou, 2001),
have been conducted.

Divergent thinking in science, especially in chemistry
education and extracurricular activities like science
competitions, has been little studied so far. This research
gap will be explored with the following research
question:

Do the divergent thinking abilities of pupils
taking part in Germany’s Young Scientist
Competition (Schiiler experimentieren) differ from
high school pupils of the same age, taking into
account gender, previous participation and the
academic background of the parents?

METHOD

The present survey is a case study because of the
small sample size. However, also case studies can
contribute to the field of research. For example, they can
be used to generate hypotheses or to explore a new field
of research (Flyvbjerg, 2006). A small sample size is a
“special feature of small-n research” and offer more
opportunities to work in a research field (Ragin, 1992, p.
225 quoted after Flyvbjerg, 2006). Case studies are
needed in a discipline to provide thoroughly described
examples; without these examples, a discipline is in
danger to be ineffective. In our study we took a look on
the example of pupils” divergent thinking skills.

In our study, data were collected using two adapted
questionnaires from a study by Runco and Okuda (1988).
The first questionnaire is a divergent thinking test by
Wallach and Kogan (1965), which contains three
standards, or ‘presented problem’ items: instances,
alternate uses and similarities. The second questionnaire is
a problem discovery test, which was adapted from

Wakefield (1985) in Runco and Okuda’s (1988) study, for
each of these items. In this test, participants need to
recognize a problem, define it and develop their own
solutions. An overview of all the tasks and items in the

divergent thinking and problem discovery tests is given
in Table 1.

The divergent thinking and problem discovery tests
were evaluated according to three creativity criteria:
fluency, flexibility and originality. Fluency is the number
of distinct ideas as described by Runco (1986). Flexibility
is the number of categories from which the ideas
originated. For this, the responses of each participant
were associated with a category on the Torrance (1966)
category list. This list was extended with extra categories
if an answer could not be assigned to an existing
category and if several terms fitted into this new
category. Originality describes the statistical rarity of an
answer. To evaluate the criterion of originality, a table is
drawn up with all answers of surveyed learning location
and percentage of rarity was calculated. According to
Runco and Albert (1985), each answer is awarded points
depending on the frequency with which it is given.
Participants whose answers are unique receive three
points, answers that are mentioned by fewer than 2.5%
of the respondents are awarded two points, answers that
are mentioned by 2.51-4.99% of the respondents are
awarded one point, and answers that are mentioned by
more than 5% of the respondents receive no points.
Originality was only measured in Wallach and Kogan's
(1965) divergent thinking test, and not in Wakefield’s
(1985) problem discovery test, because the answers
cannot be compared due to the individually discovered
problems. Therefore, only the criteria of fluency and
flexibility were used to measure Wakefield's test.
Wakefield’s problem discovery test and Wallach &
Kogan’s divergent thinking test were developed for
children. The latter is based on Guilford’s (1959)
proposed theoretical model. The test has been common
ever since used in creativity research and carried out in
a unique test atmosphere (Chan et al., 2001; Cheung &
Lau, 2010; Lau & Cheung, 2010a, 2010b; Alane Jordan
Starko, 2010). In addition to Chinese studies on creativity
development and gender differences among school
children in Hong Kong, the test was also used for the
intercultural examination of task specificity of creativity
in France and China (Storme et al., 2017), as well as for
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measuring the learning effect of a musical instrument on
creative ability in middle school (Fletcher, 2019). Besides
of that, the instrument was used in conjunction with
Wakefield’s problem-finding test and used in the present
study, since problem-finding is statistically independent
of problem solving (divergent thinking) (Runco &
Okuda, 1988). Both tests meets the quality criterion
reliability, which has been demonstrated using
American data (Acar & Runco, 2012; Cropley & Maslany,
1969; Runco & Okuda, 1988). This research instrument
can be used in the context of Germany, since the quality
criterion was carried out in the USA and both countries
can be defined as western industrial country. Therefore,
no cultural differences exist, and it is not necessary to
adapt the instruments for Germany.

The test questions were entered into an app called
Actionbound, which is free and supported by the
German Federal Agency for Civic Education.
Participants can use the keyboard or click on the
corresponding field in the multiple-choice test to answer
questions. A digital collection method like Actionbound
allows anonymous surveys to be carried out that only
require a smartphone with internet access. Fast data
transfer is supported by the app.

Before the data could be collected from the underage
participants, permission had to be obtained in advance
from the provincial school authorities in order to
conduct the survey in schools in Lower Saxony. After
approval had been obtained, the respective chemistry
teachers of the surveyed classes sent parents a leaflet and
a declaration of consent. The leaflet informed the parents
about the study’s approach and asked them to install the
Actionbound app on their child’s devices and to sign the
declaration of consent. Those pupils whose parents did
so were able to participate in the survey. Regarding the
Young Scientist Competition, contact was made with the
competition directors in the respective federal states
prior to the survey, and they forwarded the parents’
letters to the participants along with the consent form. In
the event of a positive response, the parents’ forms were
recorded both electronically by email and in analogue
form. The survey was conducted after the jury’s
evaluation of the projects and selection of the winner.

PILOT STUDY

The pilot study was carried out to test the technical
implementation with the app and the feasibility for the
pupils. For this, the instruments of the main study have
been used. The pilot study was conducted in January
and February 2018 in comprehensive schools. Prior to
this, the pupils received a declaration of consent to be
signed by their parents and a letter explaining the exact
procedure. Pupils were asked to download the
Actionbound app on their mobile phone prior to the
interview so that the 90-minute chemistry lesson in
which the survey took place.
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The test instrument also first included the figural
circle test by Torrance (1966), in addition to the two tests
by Wallach and Kogan (1965) and Wakefield (1985). In
this test, pupils are asked to draw circles around
figures/symbols and to draw as many as possible.
However, this took too much time, so the drawing test
was taken out in the main study. All the test results were
entered into the app and could be downloaded
afterwards from the author in the Actionbound portal.

MAIN STUDY
The Young Scientist Competition is divided into two
age groups: the younger Schiiler experimentieren

participants aged up to 14 years and the older Jugend
forscht participants aged 15 to 21 years. This Young
Scientist Competition is very important for Germany,
because it is the largest and most respected competition
for science in Germany, which is supported by industry
like main sponsors such as Fraunhofer, Helmholtz, Max
Planck Gesellschaft and Fonds der chemischen Industrie
(Chemical industry fund) and politics such as the 16
Ministries of Education and the Arts or the patron which
is the president of Federal Republic of Germany (Jugend
forscht e.V., 2020b, 2020d, 2020e). The winner of the
“Chancellors prize for the most original work” of the
older competition level Jugend forscht in national
competition will be invited by the chancellor to the
Federal Chancellery and honoured by a separate award
(Jugend forscht e.V., 2019). These competitions focus on
promotion young scientists for scientific professions.
Some projects have already registered a patent for their
creative results. For many young scientists, participating
in a competition is the start of a promising career and a
milestone in a personal development or ground-
breaking  research  or  multi-million  dollar
entrepreneurial careers (Jugend forscht e.V., 2020a).

This study investigates differences in divergent
thinking and problem discovery skills in high school
pupils and participants of the younger category of
Young Scientist Competition (Schiiler experimentieren),
based on gender, parental academic background and
previous participation in science competitions. Data
collection was conducted in 2018 at the federal
competition level of the Schiiler experimentieren in a total
of four German federal states in North-West Germany:
Oldenburg (Lower Saxony), Hamburg (city state), Essen
(North Rhine Westphalia) and Kiel (Schleswig-
Holstein). Prior to the survey, consent was obtained
from the parents for minor pupils. A parental leaflet and
a declaration of consent was handed out in advance by
the competition leaders and the teachers, with the
request to return the consent form by mail before the
survey started. The parental leaflet also requested that
pupils were asked to bring a smartphone for the survey,
on which the Actionbound app had already been
installed. The questionnaires were stored in this app and
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Table 2. Sample of main study

School S.Chﬁle'?
experimentieren
Female 35 12
Male 19 21
n/a 3 1
Previous participation 5 9
No previous participation 52 25
Parental academic background 29 23
No parental academic background 14 5
n/a 14 6

were accessed by the respondents using a QR code. After
a short personal instruction on-site by the authors, based
on Runco and Albert (1985)'s explanation, the
participants received this QR code. The participants
were asked to give all the answers that came to their
minds. If they could not think of any more, they were
told to click on ‘continue’ in the app. There was no time
limit, as this is more likely to be associated with
convergent thinking. This creates a relaxed atmosphere
and gives the respondents the opportunity to really
name all of the answers that come to their minds (Acar
& Runco, 2012). The test was also designed as a game,
and the pupils were told that the survey would not affect
the outcome of the competition or their marks in school.
Participants were very confident about using their
smartphone and the app, although many were using the
latter for the first time. Only some younger Schiiler
experimentieren participants had some problems with
spelling and entering their answers.

To make differences in divergent thinking and
problem discovery between Schiiler experimentieren
participants and high school pupils visible, based on
gender, parental academic background and previous
participation in science competitions, the Mann-Whitney
U test has to be used due to the small sample size. It was
used instead of the t-test for independent samples
because the requirements for smaller samples are more
favourable. For example, the data do not need to be
normally distributed, and the variables only have to be
ordinally scaled (Schwarz, 2020).

For this, the average values for each criterion
(originality, fluency and flexibility) were examined. In
some cases, the sample size is less than 30, so the exact
significance was used. In addition, the effect size was
calculated according to Cohen (1992) to indicate the
strength of the significance. A weak effect is present at r
=0.10, a medium effect at r = 0.30 and a strong effect at r
=0.50.

DESCRIPTION OF THE SAMPLE

The study was conducted with pupils from four
Gymnasium schools in the Weser-Ems area, Lower
Saxony. A Gymnasium is a secondary school for pupils
with high cognitive abilities. For that, the authors of the
present study conducted the survey at school, who were

chosen at random and to generate the status quo at
ordinary German schools. Pupils aged 12 to 14 took part
in the study, which equals the age of the participants in
the Schiiler experimentieren. To investigate differences
between school pupils who did not take part in the
science competition and pupils who did (Schiiler
experimentieren participants), only school pupils aged up
to 14 were included in the study. The focus of this case
study is not on the school, but rather on the
extracurricular activities such as Youth Science
competition like Schiiler experimentieren. The school data
are only used to show a possible difference in the
creativity potential of the two groups and in order to
show a possible significant trend, which pupils take
advantage of the offer of Schiiler experimentieren. The
Schiiler experimentieren sample included 34 participants
aged 10 to age 14 (12 female, 21 male and 1 n/a) in the
federal science competition. The data were collected in
on federal competitions in Oldenburg (Lower Saxony),
Hamburg (city state), Essen (North Rhine Westphalia)
and Kiel (Schleswig-Holstein).

RESULTS

In this section, results for the participants in the
Schiiler experimentieren are compared with the results for
school pupils of the same age.

Parental Academic Background

No differences in divergent thinking and problem
discovery were found between school pupils whose
parents did or did not have an academic background.
This also applies to the participants in the Schiiler
experimentieren: no significant difference exists between
participants in the Schiiler experimentieren whose parents
did or did not have an academic background.

Differences occurred when looking at the pupils in
both groups who have parents with an academic
background. School pupils then performed better in both
tests than participants in the Schiiler experimentieren.
School pupils scored higher for originality, fluency and
flexibility than Schiiler experimentieren participants in the
divergent thinking test (see Table 3). In the problem
discovery test, school pupils had far better flexibility and
somewhat better fluency.

No differences were measurable between school
pupils and Schiiler experimentieren participants with no
parental academic background.
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Table 3. Differences between school pupils and Schiiler experimentieren participants with parents with an academic

background
Test . Mean value, Mean value, Schiiler
Criterion . . . .. p r
school pupils  experimentieren participants
Divergent thinking Originality 5.02 4.09 -2.460 0.014 0.341
(DT) Fluency 5.76 5.05 -2.055 0.040 0.285
Flexibility 3.72 3.39 -2.019 0.043 0.280
Problem discovery Fluency 4.82 2.97 -2.595 0.009 0.360
(PD) Flexibility 3.03 2.17 -2.607 0.009 0.362

Table 4. Differences between school pupils and Schiiler experimentieren participants with no experience in a science

competition
Test o Mean value, Mean value, Schiiler
Criterion . . . .. p r
school pupils  experimentieren participants
Divergent thinking Originality 417 3.55 -2.329 0.020 0.265
(DT) Fluency 5.42 4.58 -2.862 0.004 0.326
Flexibility 3.59 3.10 -2.808 0.005 0.320
Problem discovery Fluency 4.58 2.88 -2.549 0.011 0.290
(PD) Flexibility 2.74 2.28 -2.043 0.041 0.233

Table 5. Differences between school pupils with prior experience and Schiiler experimentieren participants with no prior

experience in a science competition

Test . Mean value, Mean value, Schiiler
Criterion . . . . . p r
school pupils  experimentieren participants
Divergent thinking Originality 5.51 3.55 -2.201 0.027 0.402
(DT) Fluency 6.76 4.58 -2.338 0.016 0.427
Flexibility 3.78 3.10 -2.060 0.037 0.376
Problem discovery Fluency 6.87 2.88 -2.458 0.011 0.449
(PD) Flexibility 3.80 2.28 -2.390 0.016 0.436

Previous Participation in a Science Competition

Within the school pupils’ sample, no significant
differences were found for all criteria in the divergent
thinking test between pupils who had previously
participated in a science competition one to three times
and pupils who had not previously participated in a
science competition. In the problem discovery test,
school pupils who had previously participated in a
science competition performed better in the mean value
of flexibility (mean value for school pupils with previous
participation = 3.80, mean value for school pupils with
no prior participation = 2.74, U = 58.000, Z = -2.042, p =
0.041, r = 0.270).

Regarding possible differences between Schiiler
experimentieren participants with previous or no prior
participation in a science competition, no significant
differences in all the criteria of the divergent thinking
and problem discovery tests could be found.

Comparing the two groups, participation in a science
competition seems to have an influence on flexibility.
School pupils who had already participated in a science
competition one to three times had a higher value for
flexibility in the problem discovery test than Schiiler
experimentieren participants who had also participated in
a science competition one to three times (mean value for
school pupils = 3.80, mean value for Schiiler
experimentieren participants = 2.15, U = 6.500, Z = -2.140,
p =0.029, r = 0.572).
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When investigating participants in both groups that
had never participated in a competition, school pupils
performed better in all the criteria of the divergent
thinking and problem discovery tests compared to
Schiiler experimentieren participants who took part in a
science competition for the first time (see Table 4).

School pupils with experience in a science
competition also showed a significant difference in the
mean value for all items in the divergent thinking and
problem discovery tests compared with Schiiler
experimentieren participants who took part in a science
competition for the first time (see Table 5).

Comparing the reverse case regarding differences
between school pupils with no prior experience in a
science competition and Schiiler experimentieren
participants with previous experience in a science
competition, no significant differences in divergent
thinking and problem discovery could be measured.

Gender Differences

In this section, differences between girls and boys
within the respective groups are first investigated,
followed by the differences between girls in both groups
and between boys in both groups.

Girls in the school pupil group scored better in
fluency (mean value for girls = 2.85, mean value for boys
=279, U =227.500, Z =-1.905, p = 0.057, r = 0.259) than
boys in the problem discovery test. This is in contrast to
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Table 6. Differences between girls from the school pupils and Schiiler experimentieren groups

Test o Mean value, Mean value, Schiiler
Criterion . . . . . p r
school pupils  experimentieren participants
Divergent thinking Originality 3.91 227 -2.233 0.026 0.326
(DT) Fluency 5.58 4.07 -2.563 0.010 0.374
Flexibility 3.64 2.82 -2.774 0.006 0.405
Problem discovery Fluency 5.17 2.69 -2.738 0.006 0.399
(PD) Flexibility 2.85 211 -2.319 0.020 0.338

Table 7. Differences between girls in the school pupils group and boys in the Schiiler experimentieren group

Test o Mean value, Mean value, Schiiler
Criterion . . . .. p r
school pupils  experimentieren participants
Divergent thinking Originality 391 3.46 -2.015 0.044 0.269
(DT) Fluency 5.58 4.34 -2.912 0.004 0.389
Flexibility 3.64 3.10 -2.686 0.007 0.359
Problem discovery Fluency 5.17 3.19 -2.848 0.004 0.381
(PD) Flexibility 2.85 2.29 -2.734 0.006 0.365

the Schiiler experimentieren participants, where the U test
showed no differences with respect to gender in both
tests.

When investigating differences between girls in the
school pupils group and the Schiiler experimentieren
participants group, the results show that girls in the
pupils group performed better in all criteria of both tests
than girls in the Schiiler experimentieren group (see Table
6).

Looking at the boys, no significant differences in both
tests were measurable between the school pupils and
Schiiler experimentieren participants. Also, boys from the
school pupils group and girls from the Schiiler
experimentieren group showed no significant differences
in the U test.

However, the results do show a significant difference
between girls in the school pupils group and boys in the
Schiiler experimentieren group. In all criteria (fluency,
flexibility and originality) of the divergent thinking test,
the girls performed better than the boys. In the problem
discovery test, girls in the school pupils group also
performed better in all criteria (fluency and flexibility)
than boys in the Schiiler experimentieren group (see Table
7).

DISCUSSION AND CONCLUSION

This case study shows that there are gender
differences between school pupils and participants in the
Schiiler experimentieren: girls in the school pupils” group
are better in divergent thinking and problem discovery
than girls and boys in the Schiiler experimentieren group.
Following this train of thought, female school pupils are
more creative than female and male participants in the
Schiiler experimentieren group, but they do not necessarily
participate in science competitions. One possible reason
for this finding might be the selection criteria of the
teachers, as they are the ones who usually encourage
pupils to participate. It seems that it is not creative
abilities, but rather the pupils” marks, that are crucial in

identifying them as possible Schiiler experimentieren
participants. This is also shown in a study by Descalco
and Olivereira (2018), in which teachers pre-selected the
best-performing pupils in class for a national science
competition. Teachers’ nomination processes favour
male pupils, due to their competences in technical
subjects. The role of the teacher therefore plays an
important role in the selection and promotion of female
pupils in school as well as in extracurricular learning
activities, such as science competitions. (Lengfelder &
Heller, 2002) It is also noticeable that only a few girls
participate in the Schiiler experimentieren, although this
result does correspond with the results of other studies
into science competitions (Lengfelder & Heller, 2002;
Verna & Feng, 2002), except biology competition
(Steegh, Hoffler, Keller, & Parchmann, 2019). Steegh et
al. (2019) see a connection between participation in
science competitions and good performance in
mathematics and science subjects at school, as other
results from studies in the United States and in several
other countries confirm (Steegh, et al., 2019). However,
this finding contradicts with results from Finland, where
girls perform better than boys in science subjects at
school (OECD, 2016). Even so, the number of female
participants in science competitions is just as low in
Finland as in other countries (Steegh, et al., 2019).
Following from this, the proportion of female
participants does not match the proportion of talented
girls, so the selection process needs to change, as it is
currently based on teachers’ judgments alone
(Lengfelder & Heller, 2002). Another possible reason
why girls are less likely to be selected by teachers is
because of the characteristics of a creative person, which
are perceived by teachers as negative and disturbing;
they mostly prefer character traits like “conformity and
unquestioning acceptance of authority” (Westby &
Dawson, 1995). Although teachers see creative pupils as
an enrichment in the classroom, they prefer the character
traits of non-creative people (Westby & Dawson, 1995).
The main character traits of a creative person are, among
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others, “independence of judgment, autonomy,
intuition, self-confidence (...) to accommodate
apparently opposite or conflicting traits in one’s self-
concept” (Barron & Harrington, 1981, p. 15). Conformity
and gender roles inhibit creativity in girls and boys, and
creative character traits like independent and positive
self-assessment are more likely to be attributed to boys
(Cropley, 1978; Kdémmerer, 2000; Steegh, et al., 2019). In
contrast, girls with creative character traits are perceived
by teachers as “bossy” and “troublemakers”, because
they oppose the “good girl” image, which is imposed on
them by society (Wirt, 2011, p. 59). The formation of this
stereotype starts in primary school, where “teachers tend
to praise boys for the quality of work and girls for form
and neatness” (Tobin & Garnett, 1987, p. 91). Through
socialization of gender stereotypes and scientist
stereotypes, which a connected with masculine
stereotypes, girls identify less with scientists and
therefore consider less often participation in a science
competition.

Therefore, further studies should carry out
conditions of female pupils and teachers influence on the
selection of pupils for participation in the Young
Scientist Competition, and which selection criteria the
teachers use. In addition to their selection criteria, their
own creative personality should also be examined in
future studies to show if there is a connection between
creative teacher personality and selection criteria. “Even
if teachers have a positive attitude towards creativity,
this can only be effective if they show themselves as a
creative personality” (Springub, et al, 2017, p. 43).
Furthermore, female teachers “have a higher approval
regarding the positive influence of creative teaching on
the creativity of students”, “show a significantly higher
belief that creativity promotes success”, and “rated
activities associated with models and laws as more
creative than male teachers” (Springub, et al., 2017, p. 47,
48, 50). In addition, children with an increased ability to
think divergently can develop this ability the best with
teachers who also have a strong inclination towards
divergent thinking (Cropley, 1978).

Possibly, German teachers may prefer pupils that are
good at science, similar to the results of the study of
Descalco and Olivereira (2018). Pupils with good marks
are interested in performing well and are often
accustomed to following the teachers’ convergent paths
from their own lessons. In addition, these pupils also
follow the rather convergent way of coming up with
solutions when working on a project. This goes hand in
hand with the characteristics that teachers prefer in
pupils, such as diligence and aspiration, open-
mindedness to other people’s ideas, and respect for
authority (Cropley, 1978). Topics for the research
projects in the Schiiler experimentieren often involve real
scientific phenomena in the pupils” environments, such
as “What caused the different flame colour in the magic
candles”, or “What is the best possible mixing ratio
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between water and soap to form a stable soap bubble?”
These are often topics for which solution can be found
on the internet, and the research process can be steered
in a convergent direction. If the participants are overly
influenced by a knowledgeable teacher, especially if the
participants in the Schiiler experimentieren are still very
young, the path to the solution will be convergent. This
convergent problem-solving path is accompanied by the
third type of motivation, which is ‘extrinsic reward’
(Cooper & Jayatilaka, 2006). Pupils are promised a
reward, usually good marks, when they participate in an
extracurricular activity (Wirt, 2011). With this type of
motivation, the problem is not considered in great depth,
and the pupil has no intrinsic interest in solving the
problem (Cooper & Jayatilaka, 2006). This pupil will
only solve compulsory tasks to get the reward, which
does not stimulate their individual creativity (Cooper &
Jayatilaka, 2006). Motivational factors play a major role
in Campbell and Feng’s (2010) finding, which is that
there is a lack of motivation among the less successful
competition participants. In addition, extrinsic
motivation has a more negative impact on the creativity
of girls than of boys (Baer, 2013). Rather intrinsic
motivation is essential for creativity (Amabile, 1983),
which leads to the best academic outcomes and
promotes joy (Orvis, Sturges, Tysinger, Riggins, &
Landge, 2018; Alane J. Starko, 2018). This joy is certainly
a reason why the participation in a mathematics and
science competition has a positive influence on pupils’
interests in science and mathematics and their “attitudes,
and are offered during the critical life phase in which
adolescents make course and, ultimately, career
decisions” (Steegh et al, 2019, p. 5). In addition,
participation in extracurricular activities (Barth, et al,,
2018) such as mathematics or science competition
increases the likelihood that participants will later
consider a career in science (Steegh et al., 2019). These
activities offer great potential, especially for girls, whose
interest in STEM depends not only on ability but also on
self-efficacy (Bandura, Barbaranelli Caprara, &
Pastorelli, 2001). Therefore, young girls should receive a
scientific education that positively influences their self-
concept with regard to a later career choice in the natural
sciences (Miller, Slawinski Blessing, & Schwartz, 2006;
Oerke & Eigenstetter, 2018). Also, pupils with migration
background and from socio-economic disadvantaged
homes should be increasingly enthusiastic about
extracurricular activities. Through the joy in creative
scientific and the dismantling of gender stereotypes, the
mentioned groups could strengthen the scientific
interest and self-concept here. In best case, they arouse
curiosity about a scientific profession. However, the
group constellation should be taken into account.

As this study show, it is striking that a lot of Schiiler
experimentieren participants have parents with an
academic background, which makes the competition
elitist (see Table 3). This trend is also evident in
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mathematics and science competition participants, who
mostly come from families with a high educational
status, thereby using intellectual resources and receiving
a high level of support (Stang, Urhahne, Nick, &
Parchmann, 2014). Also, in other cultural environments
such as in Taiwan, parents with an academic
background encourage their children to participate in
science competitions (Wu & Chen, 1999).

The relationship between the academic background
of parents and divergent thinking was examined in this
study because, until now, only one study on creativity
and parental academic background could be identified
(Smith & Carlsson, 1985). Smith and Carlsson (1985)
found a connection in form of a peak between parental
academic background and creativity in 10 - 11-years old.
Their study contradicts with the current one, because
parental academic background has no influence on the
divergent thinking abilities of the participants of this
study within participants in the Schiiler experimentieren
and the school pupils group. But comparing participants
from school and Junior laboratories with parental
academic background, school pupils displayed more
divergent thinking and performed better in problem
detection than Schiiler experimentieren participants. A
possible reason may lie in the selection criteria of the
teachers, who seem to prefer uncreative pupils with an
academic home background, possibly because of their
more obedient character traits and with the underlying
assumption that they will get help from their parents. In
addition, it may be the case that parents with a scientific
academic background, encourage their children to
science competitions, are too converged with their
scientific knowledge, so that the creative ability of
divergent thinking cannot be developed. The data show
that the divergent thinking abilities of Schiiler
experimentieren participants do not develop if they
participate in science competitions more often. One
possible reason is the already discussed aspect that the
younger pupils, in effect, work more or less on a
convergent problem solution. What is striking, however,
is that some pupils who have never participated in
Schiiler experimentieren think more divergently than the
Schiiler experimentieren participants. This again reflects
the results that the more creative pupils do not take part
in Schiiler experimentieren. Whether this is also related to
the selection criteria of the teachers must be clarified in a
further study. In addition, this case study shows a
tendency of creative potential of the investigated
extracurricular activity and should be considered due to
the small number of participants in a larger sample. As
the data for the science competition participants come
from four German federal states and those of the control
group only from Lower Saxony, it may be that a
divergent thinking difference exists between the federal
states.
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