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Abstract. The research aims to determine the “relationship between the 
scientific creative thinking skills and creative problem solving and project 
development skills of candidate science teachers.” The research was 
performed with 24 teacher candidates in the control group and 24 teacher 
candidates in the experimental group in the second class of the Department 
of Science Teaching in a university in Istanbul Province. In the 
experimental group of the research, the laboratory program to be designed 
by the researchers on the basis of scientific discussion and research; and in 
the control group, the conventionally designed laboratory program were 
applied for 14 weeks. The research data was gained through “Self-
Assessment for Creativity Questionnaire” to be developed by Raudsepp
[28] and adapted by Sungur [30] into Turkish with the reliability value by 
Gülel [11]; two projects which were “the kite project”, “bridge project 
from spaghetti macaroni” and “personal interviews”. The conclusions to be 
reached by the research are in favour of the experimental group and the last 
application. While it was found that the project development processes of 
the candidate teachers in the experiment group had an important impact on 
their scientific creativity, the positive opinions of the candidate teachers 
were also found. 
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1 Introduction 
The creative thinking is seen as a quite equipped, high level thinking skill providing 

various thinking skills to bring together. The experts state that the students can be gained 
the thinking skills at all the stages of the education along with the intelligence and talents of 
them [25].
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In addition to that, the basic thinking form of creative thinking is generated by divergent 
and convergent thinking. The convergent thinking is the calm, careful, planned thinking by 
being clear and exact with positive judgements with reference to the aim [26]; the divergent 
thinking is the thinking permitting the imagination to be used for reaching more than one 
outcome without judging the thoughts for many alternatives as a result of a brainstorming 
in favour of new and different thoughts, pushing the individual borders more for producing 
ideas, providing time for idea formation, unification of the ideas [26]. The divergent 
thinking is generally seen as the way of thinking ensuring the creative thinking and problem 
solving with many right or wrong answers to be produced [13]. When the creative problem 
solving model to be developed by Lin and Cho [19] is examined, it is seen that the 
convergent thinking, divergent thinking, motivation and environment have relations with 
each other and this four situations form the general knowledge and skills in the life; 
however, only the divergent thinking can alone develop the creative problem solving, other 
three have firstly to enable the success and then bring a creative solution, if any. This is 
clearly indicate that the divergent thinking is quite a lot for a creative problem solving.  

According to Meyer and Lederman [22], the creativity is the foundation of the scientific 
knowledge. The creativity is an enormous fact. Despite its basic consideration of many, 
various and original production, there are differences for the creativity in literature, art, 
social sciences and natural sciences. The human needs are firstly considered in scientific 
creativity and it is generally required to adapt current knowledge into new situations [Can, 
2007; quoted by 15].

Park [27] states the scientific creativity with three dimensions which are creative 
thinking, scientific knowledge and scientific research and inquiry skills. On the other hand, 
Zhang, Liu and Lin [36] stated the existence of some requirements like internal motivation, 
autonomy and initiation, but these are also not sufficient. The problem solving, formation 
of hypothesis, test design, technical innovation require a certain form of creativity unique to 
the science [20].

The scientific creativity model of Hu and Adey [13] consists of three dimensions which 
are the process, characteristic (feature) and product. Thus, according to Demir [7], “The 
scientific creative thinking skill: It can be defined as a skill of thinking providing the 
formation of numerous original ideas in various fields for the solution of a problem for 
which the solution is required by the individual, with an innovative and interdisciplinary 
approach including the science, technology and art (aesthetics). With reference to this 
definition, the scientific creativity is considered as a multi-dimensional and equipped field 
ensuring either uniqueness to the field or the aesthetic approaches of various disciplines to 
bring together under the same roof.”

If it is known how humans learn and how configure the knowledge, an appropriate 
learning environment can be formed [8].  This approach generates the essence of the 
learning and teaching experiences in the science education as the teaching on the basis of 
research and inquiry in the science education and special approach for the learning on the 
basis of research and inquiry in science teaching and learning [9]. The scientific research 
inquiry contains the way of thinking of scientists while they are searching the real world 
and the perception of how they work to develop the knowledge [24]. This approach is the 
process of problem solving with indoor and outdoor activities of the students [31] and there 
are numerous studies emphasizing its importance in various educational discipline in recent 
years [24].

On the point, the projects which can be used efficiently as a creative problem solving 
process are so important. The project is a model promoting research, developing creativity, 
containing indoor and outdoor activities focusing on the students with various disciplines 
and problem solving skills from the real life, the cognitive process, technology and team 
working [35]. In other words, the project enables to search the problem in depth; to decide 
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independently, gaining scientific research skill [6] and existence of the creativity [2]. Since, 
the STEM activities which can also be performed as a project work can also be beneficial in 
that sense. STEM is an interdisciplinary look consisting of science, technology, engineering 
and mathematics. STEM enables individuals a way to reach the required resources by using 
the creativity in social life [29]. There are studies on STEM and its effects. For instance, in 
one of such studies, Wai, Lubinski, Benhow and Steiger [34] analyse the relationship 
between the success in science, technology, engineering, mathematics (STEM) and the real 
life; the study of Tyson, Lee, Borman and Hanson [33] analyse the relationship between 
the demographical characteristics of the students and STEM. As it is seen in these 
researches, the science, technology, engineering, mathematics education provides an 
interdisciplinary look to understand the life and this vision is seen as a perception 
promoting the flexibility and fluency criteria which are effective to reveal the creative 
potential of the individual. With reference to this point, the problem of the research to
determine the “relationship between the scientific creative thinking skills and creative 
problem solving and project development skills of candidate science teachers.”

2 Methodology 
It is research model (pattern) that is the research plan to be developed deliberately by the 
researcher to control the variance in order to test the hypothesis or to answer the research 
questions [3; 4]. The mixed model is a dominant model that provides the qualitative and 
quantitative methods to distinguish, define and unite [23]. This mixed model is used for the 
research.

The universe of this research is the 1st and 2nd education programs students in the 
Department of Science Teaching in a university in Istanbul. The working group of the 
research consists of 2nd grade of the Department of Science Teaching of the same 
university. The students selecting this course among candidate teachers in the 1st education 
program formed the control group and the candidate teachers from the 2nd education 
program formed the experimental group. Thus, this research was conducted with 24 
candidate teachers in the control group and 24 candidate teachers in the experimental group 
in the Department of Science Teaching.

The program to be developed by the researchers was designed with reference to the
conventional laboratory program for the control group and 5E model on the basis of 
scientific discussion and research for the experimental group. This program was developed 
along with the pilot applications and it was developed and selected according to the 
opinions of candidate teachers within the framework of the pilot application and 2 expert 
researchers, from the pool containing various activities to be tried on working groups in 
order to ensure the validation and it was finalised.

The questionnaire “How creative are you?” to be developed by Raudsepp [28] was 
adapted by Sungur [30] into Turkish and after all the articles (50 articles) were reviewed by 
Gülel [11] in terms of Turkish language and literature with the linguists, the reliability 
value was determined as 0.761 Cronbach alpha. The Cronbach alpha value of this value for 
the research was found as 0,82 and the “Self-Assessment for Creativity Questionnaire” was 
applied to the candidate teachers in the control and experiment groups as the pre- and post-
application. 

The research to be supervised for the process with the pilot application; in the research 
to be finalised with an exhibition, the spaghetti bridge project exhibition and kite project 
fest were performed by the candidate teachers in the experiment group. The similar studies 
of Gonzalez, Morsch and Masuero [10], and Karweit [14] were benefited for the spaghetti 
(macaroni) bridge project in the research. 
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In the analysis of the qualitative data to be extracted from the research, the usual 
distribution was firstly considered and the Self-Assessment for Creativity Questionnaire 
was normal for all four groups. Therefore, the t-test analysis was performed for the 
measuring tool.

The analysis of the qualitative data to be gained from the research was made with the 
rubric to be formed by the researchers. The rubric criteria to be used for the teaching 
process and stages; “quite sufficient” means “all given answers are accepted as appropriate 
ideas”; “sufficient” means “despite some omission/mistake/contradiction… in given 
answers, appropriate ideas are more”; “insufficient” means “despite the appropriateness of 
ideas in given answers, more omission/mistake/contradiction”; “”quite insufficient” means 
“omission/mistake/contradiction in given answers completely” and “no answer” means “no 
answer was given.   

3 Findings
Findings from this study are presented in tables (table 3.1., table 3.2., table3.3) below. 

Table 3.1. The Findings on “Self-Assessment for Creativity Questionnaire” of Candidate Teachers

N Ort. t P

Control pre 24 140,96 2,542 0,835

Experiment pre 24 140,46
Control post 24 152,33 2,542 0,014
Experiment post 24 159,33
Control pre-post 24 140,96-152,33 4,059 0,000
Experiment pre-post 24 140,46-159,33 6,935 0,000

As it is seen on the t-test results in Table 3.1, no meaningful difference was seen in pre-
test distributions of control and experiment groups. This means that both groups were at 
equal level for this questionnaire. In the post-test results of the control and experiment 
groups, there is a meaningful difference in favour of the experiment group. This situation 
indicate that there is a change in favour of the experiment group in this last test. 

Table3.2. Findings on Kite Project
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Group1 5 5 5 5 5 3 4 4 4
Group2 4 5 4 5 5 5 5 5 5
Group3 5 5 5 5 5 5 5 5 5
Group4 5 5 5 5 5 5 5 5 5
Group5 3 4 3 3 3 4 3 3 4

As it is seen on Table 3.2, the groups developed successful projects in general. 
However, the kite to be made in a group was found insufficient in terms of its dimensions. 

As it is seen on Table 3.3, the findings to be gained from the final projects of the groups 
for the spaghetti bridge exhibitions are found sufficient in general for their dimensions



5

SHS Web of Conferences 48, 01059 (2018) https://doi.org/10.1051/shsconf/20184801059
ERPA 2018

In the analysis of the qualitative data to be extracted from the research, the usual 
distribution was firstly considered and the Self-Assessment for Creativity Questionnaire 
was normal for all four groups. Therefore, the t-test analysis was performed for the 
measuring tool.

The analysis of the qualitative data to be gained from the research was made with the 
rubric to be formed by the researchers. The rubric criteria to be used for the teaching 
process and stages; “quite sufficient” means “all given answers are accepted as appropriate 
ideas”; “sufficient” means “despite some omission/mistake/contradiction… in given 
answers, appropriate ideas are more”; “insufficient” means “despite the appropriateness of 
ideas in given answers, more omission/mistake/contradiction”; “”quite insufficient” means 
“omission/mistake/contradiction in given answers completely” and “no answer” means “no 
answer was given.   

3 Findings
Findings from this study are presented in tables (table 3.1., table 3.2., table3.3) below. 

Table 3.1. The Findings on “Self-Assessment for Creativity Questionnaire” of Candidate Teachers

N Ort. t P

Control pre 24 140,96 2,542 0,835

Experiment pre 24 140,46
Control post 24 152,33 2,542 0,014
Experiment post 24 159,33
Control pre-post 24 140,96-152,33 4,059 0,000
Experiment pre-post 24 140,46-159,33 6,935 0,000

As it is seen on the t-test results in Table 3.1, no meaningful difference was seen in pre-
test distributions of control and experiment groups. This means that both groups were at 
equal level for this questionnaire. In the post-test results of the control and experiment 
groups, there is a meaningful difference in favour of the experiment group. This situation 
indicate that there is a change in favour of the experiment group in this last test. 

Table3.2. Findings on Kite Project

Im
ag

in
at

io
n

T
hi

nk
in

g

Fl
ue

nc
y

Fl
ex

ib
ili

ty

U
ni

qu
en

es
s

Sc
ie

nt
if

ic
 

kn
ow

le
dg

e

Sc
ie

nt
if

ic
 

pr
ob

le
m

Sc
ie

nt
if

ic
 

ev
en

t

T
ec

hn
ic

al
 

pr
od

uc
tio

n

Group1 5 5 5 5 5 3 4 4 4
Group2 4 5 4 5 5 5 5 5 5
Group3 5 5 5 5 5 5 5 5 5
Group4 5 5 5 5 5 5 5 5 5
Group5 3 4 3 3 3 4 3 3 4

As it is seen on Table 3.2, the groups developed successful projects in general. 
However, the kite to be made in a group was found insufficient in terms of its dimensions. 

As it is seen on Table 3.3, the findings to be gained from the final projects of the groups 
for the spaghetti bridge exhibitions are found sufficient in general for their dimensions

Table 3.3. Findings on Spaghetti Bridge Project
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Group1 5 5 5 5 4 4 4 5 4
Group2 5 5 5 5 5 5 5 5 5
Group3 4 5 5 4 3 5 5 5 5
Group4 5 5 5 5 5 5 5 5 5
Group5 5 5 5 5 5 5 5 5 5

4 Discussion and Conclusion 
The conclusions to be reached by the research are in favour of the experimental group and 
the last application. While it was found that the project development processes of the 
candidate teachers in the experiment group had an important impact on their scientific 
creativity, the positive opinions of the candidate teachers were also found. 

Despite low number of researches on scientific creativity, the number has been 
increasing in recent years. Liang [18] states that many researchers focus on the creative 
thinking, products and processes of the scientists in the researches on the scientific 
creativity, few researchers focus on the creativity of the students. The actions to be taken in 
the creative thinking may vary according to the structure of the problem to be worked on, it 
is considered as noticing and limiting the problem, forming hypothesis for the solutions, 
testing the hypothesis, finding the result, accepting or rejecting or changing [Sönmez, 1993, 
quoted by 1].

According to Chairman [5], in order to increase the quality of the education in the 
science and creativity program, the classes in which the teachers and the students involve in 
discussions; learning with doing and investigating; use of alternative teaching approaches 
including the use of computers, project works, simulation exercises and so on were 
mentioned. Especially in recent years, the students in the science education have been 
expected to have the skills starting from scientific process skills to research, questioning, 
problem solving, project development and indicating their creativity [32]. The 
neurobiological, psychological and cultural works generally indicate the creativity as a 
dialectical process between the configuration and non-configuration, the order and the 
chaos. The benefits of the interdisciplinary reflection in the creativity works in terms of the 
completion of special findings to be formed one by one in the fields of science are 
emphasized [12]. Therefore, the students in the research were especially promoted to 
express their opinions with reference to interdisciplinary thinking and this approach was 
tried to be applied in both the program contents and the projects. 

The innovative perspective requires some uniqueness and interdisciplinary approach to 
the matters. The science is one of the best content fields to establish the interdisciplinary 
connections. Besides, the science courses give opportunities to reinforce the languages of 
the art and mathematics [16]. For the sake of the formation of the creative ideas, it is an 
important component to think with different dimensions through an interdisciplinary 
consideration. National research Centre (NRC) and AAAS strongly emphasize the 
provision of the science, technology, engineering and mathematics as a whole to the 
students [37].
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