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The purpose of this research is to know how big the role of mastery of knowledge and science
process skills to improve scientific creativity, using C3PDR teaching model, that is teaching model
that encourage and utilize knowledge mastery, science process skill, creative thinking technique and
motivation to improve student's scientific creativity. The data used are the results of pre-test and
post-test of: the mastery of knowledge, scientific process skills and scientific creativity, as a result of
the implementation of the model conducted in the 2015/2016 learning year. The sample of this
research is 160 students of 8th grade divided into 5 classes in two schools in Samarinda city. The
magnitude of the role is expressed by the coefficient of determination (r?) and the probability value
(p). Scores of the mastery of knowledge, scientific process skills and scientific creativity are grouped
into 5 levels. Data were analyzed using Kendall Tau test b. The results showed: 1) mastery of
knowledge plays a significant role to increase of scientific creativity by 30% indicated by the mode
*> 0.3 and p mode <0.0001, in the weak category, 2) the science process skills play a significant
role of 20% indicated by the mode 2> 0.20 and p mode <0.0001, in the weak category. Mastery of
knowledge that plays a role in scientific creativity is the mastery of knowledge more broadly and in
more detail. The science process skills that plays a role in scientific creativity is of determining the
variables. How the role of mastery of knowledge and skills of scientific processes in enhancing
scientific creativity is discussed in this article.
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INTRODUCTION

Creativity is one of the competencies that must be
owned in the 21 century, so that someone can live
comfortably. Creativity is now a key educational and
skills goal of the 21* century and should be supported
at school (Chan & Yuen, 2014). C3PDR is one of the
teaching model that support implementation creativity
at school. C3PDR is a valid, effective and practical
teaching model to enhance the scientific creativity
(Zulkarnaen, Supardi & Jatmiko, 2017). The C3PDR
name is taken from the first letter of the syntax of the
model, ie Creative exploration, Creative elaboration,
Creative modeling, Practice scientific creativity,
Discussion and Reflection. Creative theories that
support the model include Investment Theory
(Sternberg, 2006), DIMAI model (Agnoli & Corazza,
2015), Scientific Creativity Structure Model (SCSM)
(Hu & Adey, 2002), and componential theory
(Amabile, 1996, 2012) .

Scientific creativity consists of seven components,
namely 1) fluency, flexibility and originality in the use
of an object for unusual use, 2) the sensitivity to the
science problem (degree of sensitivity to science
problems) (3) ability to improve technical product, 4)
scientific imagination, 5) ability to solve creative
science problem (creative science problem solving
ability), 6) ability creative experimental abilities and 7)
students' ability to design creative science products
abilities (Hu & Adey, 2002). These seven components
of creativity will be achieved if supported by sufficient
knowledge in the field of science. According to
componential theory, to be creative, one must have
sufficient knowledge in his field and be supported by
creative thinking skills and must be supported by high
motivation. Based on these theories, the equation is
obtained, three mechanisms of creativity, namely the
mastery of knowledge, creative thinking skills and
motivation. Mastery of knowledge becomes important
in supporting creativity. How much support or
contribution is the focus of the analysis of this article.
Several studies have been conducted to enhance
creativity through increased knowledge acquisition,
including Zulkarnaen, Supardi & Jatmiko (2017), Hu
et al (2013), Zhang & Gheibi (2015), Fotis (2010),
Nami, Marsooli & Ashouri (2014) Huang et a/ (2017),
Chae et al. (2013), Azma & mostafapour (2011), Poon
et al (2014), Garca-Garc1a, Chulvi & Royo (2017).

Scientific process skills are related to scientific
creativity in terms of creative experimenting skills,
discovering and solving scientific problems creatively
and engaging in creative scientific activity. This is also
supported by Amabile's compound theory (1996,
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2012). Creativity will occur if supported by expertise,
one of which is the procedural capability, namely the
ability of how knowledge is obtained. Scientific
process skills are a form of procedural capability.
Several studies show that the science process skills
have significant relationship to the mastery of
knowledge, such as by Kaya et al. (2012), Turiman et
al. (2012), Cakir & Sarikaya (2010) and Gurses et al.
(2015). The use of science process skills to enhance
creativity has been used in research conducted, among
others are Zulkarnaen, Supardi & Jatmiko (2017),
Chebii ez al (2012) and Aktamis & Ergin (2008).

Based on the theories and research results
described above prove that the mastery of knowledge
and skills of the process of science significantly
contributes to creativity. The problem is how much
each contributed, the mastery of the material and the
skills of the science process to creativity, considering
there are several other influential factors such as the
ability to think creatively and motivation and how the
process in the C3PDR learning model. This research
answered: 1) how big the role of mastery of knowledge
and process skill to increase of scientific creativity and
2) whether master of knowledge and skill of science
process plays significant role to scientific creativity.

METHODS

The study was carried out in the odd semester of
the 2015-2016 learning year for 10 weeks on motion
topic and skeleton, joint and simple machine topic in
science subjects. The sample of this research is 160
students of grade 8 that follow science subject which is
divided into 5 classes, that is 8G, 8E, 8F class and 8C
and 8L class in SMPN 2 of two junior high schools in
Samarinda city, East Kalimantan Province, Indonesia.

The data were collected through the test
technique, using the instrument, namely 1) the
knowledge assessment sheet, 2) the science skills
process assessment sheets, and 3) the science creativity
assessment sheets, the adaptation of the SCSM test
from Hu & Adey (2002). The three assessment
instruments have been validated by 3 science
education experts and the result, the three instruments
are valid categories (Zulkarnaen, Supardi & Jatmiko,
2017). Data collection is done before and after students
are given C3PDR teaching model twice, that is for
motion topic and for skeleton, joint and simple
machine topics.

The data of mastering of knowledge and science
process skills before and after given C3PDR learning
model, in the form of interval data, converted to
ordinal form with scaled 1 - 5, with criterion: score 0-
20 (scale 1, not good), 21-40 (scale 2, less good), 41-60
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(scale 3, good enough), 61-80 (scale 4, good) and score
81-100 (scale 5, excellent). Determination of science
creativity score using SCSM model scoring techniques
(Hu & Adey, 2002). Scientific creativity scores that do
not have maximum value, are converted first into a
scale of 1 - 10 using the z distribution. The value of z is
determined by using the formula: z = (student score -
group average score)/standard deviation (SD).
Average group and SD scores were calculated by
combining pre-test and post-test scores. Determination
of a large increase in the level of creativity of science,
done by converting the first scale creativity data 1 - 10
into the scale 1 - 5. The criteria used are: score
<1.375SD (not creative); 1,375SD <score <-0.275SD
(less creative); -0.275SD <score <(0.825SD (creative
enough); 0.825SD <score <1.925SD (creative);
1,925SD <score (very creative). The correlation
coefficient (r) and the significance of the correlation
coefficient r between the mastery of knowledge to the
scientific creativity and the science process skills to the
creativity of science, are calculated using
nonparametric correlation Kendall tau b. The role of
knowledge mastery to the creativity of science and the
science process skills to the scientific creativity,
determined by coefficient of determination r. Criteria
for determination coefficient levels using criteria: 0,000
- 0.199 (Very weak), 0.200 - 0.399 (Weak), 0.400 -
0.599 (Medium), 0.600 - 0.799 (Strong) and 0.80 - 1.0
(Very strong).

RESULTS AND DISCUSSION

The results are presented in Table 1 and Table 2
below.
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Table 1. Coefficient of correlation and determination and probability of knowledge mastery scores on scientific
creativity

Value Grade Grade Grade Grade Grade
8G 8E 8F 8C 8L
The correlation coefficient (r) and 0,56 0.62 0.42 0.54 0.47
determination (r*) on motion topic 0.31 0.38 0.18 0.31 0.22
Probability (p) < < < < <
0.0001 0.0001 0.0001 0.0001 0.0001
The correlation coefficient (r) and determination (r?) of weeks on 0.47 0.57 0.66 0.64 0.42
skeleton. joint and simple machine topic 0.22 0.32 0.44 0.41 0.18
Probability (p) < < < < <

0.0001 0.0001 0.0001 0.0001 0.0001

Based on Table 1, the probability (p) <0.0001 topic and on skeleton, joint and simple machine topic
indicates a significant role between the mastery of  with mode of 30%.
knowledge on scientific creativity both on the motion

Table 2. Coefficient of correlation and determination and probability of science process skills score on scientific
creativity

Value Grade Grade Grade Grade Grade
8G 8E 8F 8C 8L
The correlation coefficient (r) and determination (r?) on motion topic 0.53 0.38 0.42 0.46 0.38
0.28 0.14 0.18 0.21 0.14
Probability (p) < < < < <
0.0001 0.0001 0.0001 0.0001 0.0001
The correlation coefficient (r) and determination (r?) of weeks on 0.66 0.61 0.62 0.40 0.58
skeleton. joint and simple machine topic 0.44 0.37 0.38 0.16 0.34
Probability (p) < < < < <

0.0001 0.0001 0.0001 0.0001 0.0001
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Based on Table 2, the probability <0.0001
indicates a significant role between the scientific
process skills of scientific creativity both on motion
topic and on skeleton, joint and simple machine topic
with mode of 20%.

Based on Table 1, the mastery of knowledge has a
significant role to the students' scientific creativity.

Table 3. Explanation of the mastery of knowledge support to

Knowledge is an important component of
creativity. Mastery of knowledge in this research is the
mastery of topics in science subjects. Table 3 describes
the role of knowledge mastery of every component of
scientific creativity.

scientific creativity

Components of Scientific Creativity

Explanation of Knowledge Mastery Support

Fluency, flexibility and originality use objects for scientific
purposes.

Question I: Write down as many as possible the uses of balloon for
scientific activities.

Question 2: Write down as many as possible the uses of inclined
plane for scientific purposes

To write down the usefulness of objects, it is necessary to
master the knowledge of the object, such as its properties or in
common with other objects. Various uses of the balloon can be
determined by knowing the various properties of the balloon, as
well as for the inclined plane.

The ability to find scientific problems creatively.

Question I: Write down as many as many as possible, scientific
questions relating to Newton's law.

Question 2: Write down as many as possible, questions about a
simple machine

This question relates to what students want to know more
deeply about Newton's law and the simple machine, more than
they already understand. To produce creative answers, ie:
fluent, flexible and original, students need to know more
things, such as concepts, theories, magnitudes and others,
relating to Newton's law and simple machine.

Ability to improve a product technically:

Question I: Write down as much as possible what you can fix on
the stopwatch to make it easier to use and more interesting.
Question 2: Write down as much as possible what you can improve
on a cart to be more attractive and comfortable when used.

The creative answer to this question requires knowledge of the
object, the stopwatch and the cart, such as parts of the cart,
how to keep the cart lighter despite carrying heavy items or
how to use stopwatch more easily, and so on.

Scientific Imagination:

Question I: Imagine and write down as much as possible what
would happen if Newton's law did not apply.

Question 2: Write down as much as possible what will happen if we
do not have bones.

The creative answers to this question require mastery of
knowledge of Newton's laws and bones. Students' knowledge of
events that demonstrate the validity of Newton's law will make
it easier for students to write down what would happen if
Newton's law did not apply. The students' knowledge of bone
function, will make it easier for students to write what will
happen if we do not have bones.

The ability to solve scientific problems creatively:

Question I: In Newton's second law experiment, we use a
stopwatch. Write down what we can use if we do not have a
stopwatch.

Question 2: Write down as many ways as possible to move an
object using simple machine.

The creative answer of question 1, requires knowledge of the
basic principles of the instrument of measuring time so that by
understanding the principle, students can look for alternatives
to other measuring instruments that share the same basic
principles. Likewise to question 2, by knowing the basic
principles of simple machine, they find it easier to find other
tools that work on the same basic principle.

Ability to design an experiment, creatively:

Question I: If you are given 2 bikes, write down as many ways as
possible to test which bike is better.

Question 2: If you are given two chairs, write down as many ways
as possible to test which chair is better.

Creative answers to this question will be easier to find if
students know and understand well related to bikes and chairs.
For example, students should understand the criteria of a good
bike or chair. Based on these criteria, they can determine how
to test it.

The ability to design a scientific product creatively:

Question I: Create a better and safer trampoline design picture!
Explain each part of the tool on your design!

Question 2: Create a stick design to help people who have problems
on their feet! Explain each part of the tool on your design!

This creative answer will be easier to find if students know and
understand well with regard to trampolines and sticks. For
example, students must understand the criteria of a trampoline
or a good stick. Based on these criteria, they can design a
trampoline and stick that is more useful, safer and more
creative.
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Note: All test questions are adapted from the
scientific creativity test of Hu & adey (2002).

The explanation in Table 3 shows that the mastery
of knowledge plays a major role in scientific creativity.
The acquisition of the desired knowledge is the mastery
of a wider and more detailed knowledge.

Based on Table 2, science process skills have a
significant role to the students' scientific creativity.
Science process skills play a role in every component of

scientific creativity, as explained in Table 4.

Table 4. Explanation of scientific process skills support to scientific creativity

Components of Scientific Creativity

Explanation of Science Process Skills Support

Fluency, flexibility and originality use objects for scientific
purposes.

Question 1. Write down as many as possible the uses of
balloon for scientific activities.

Question 2. Write down as many as possible the uses of
inclined plane for scientific purposes

The support of science process skills is on the determination of
existing variables related to balloon and inclined plane. The
ability of students to determine the variables associated with
the ability to find scientific problems creatively and the ability
to design experiments creatively.

The ability to find scientific problems creatively.

Question I: Write down as many as many as possible,
scientific questions relating to Newton's law.

Question 2: Write down as many as possible, questions about a
simple machine

The support of science process skills is in the determination of
existing variables relating to Newton's law and simple
machine. The ability of students to determine the variables in
science process skills is very useful in compiling scientific
questions, which are related to the ability to find scientific
problems creatively.

Ability to improve a product technically:

Question I: Write down as much as possible what you can fix
on the stopwatch to make it easier to use and more
interesting.

Question 2: Write down as much as possible what you can
improve on a cart to be more attractive and comfortable when
used.

The support of science process skills is on the determination of
existing variables related to stopwatch and carts. The student's
ability to determine helps design improvements or designs
creative experiments that can be done on the product being
asked.

Scientific Imagination:

Question I: Imagine and write down as much as possible what
would happen if Newton's law did not apply.

Question 2: Write down as much as possible what will happen
if we do not have bones.

The support of science process skills is on the preparation of
hypotheses related to natural phenomena being asked. The
students' ability to construct hypotheses is very useful in
constructing hypotheses related to Newton's laws and bones.
This ability is related to the ability to design experiments
creatively.

The ability to solve scientific problems creatively:

Question 1. In Newton's second law experiment, we use a
stopwatch. Write down what we can use if we do not have a
stopwatch.

Question 2: Write down as many ways as possible to move an
object using a simple machine.

The support of science process skills is on the ability to classify
working principles on stopwatches and simple machine.
Based on the classification criteria, it is easy to find other tools
that can be used to solve the problem.

Ability to design an experiment, creatively:

Question I If you are given 2 bikes, write down as many ways
as possible to test which bike is better.

Question 2: If you are given two chairs, write down as many
ways as possible to test which chair is better.

The support of science process skills is on the determination of
existing variables related to bikes and chairs. Students' ability
in determining variables helps them to design creative
experiments that can be done on the product being asked.

The ability to design a scientific product creatively:

Question I: Create a better and safer trampoline design picture!
Explain each part of the tool on your design!

Question 2: Create a stick design to help people who have
problems on their feet! Explain each part of the tool on your
design!

The support of science process skills is on determining the
variables that exist with respect to trampolines and sticks. The
ability of students in determining variables helps design the
products in question.
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Based on the explanation in Table 4, the
dominant science-process skills to support scientific
creativity are the skills of determining variables. The
more variables it can find on a topic, the more
hypotheses it can make and the more experiments it
can do.

The results show that the mastery of
knowledge and science process skills gives positive
contribution to scientific creativity, each of 30% and
20%, the rest is determined by other factors. The
research that has been done shows that other factors
that come from students themselves that influence
creativity are creative thinking ability (Amabile,
2012) (Hu et al., 2013) (Poon et al. , 2014),
motivation (Penga er al., 2013), divergent thinking
skills (Huang et al, 2017) and personality (Kinga,
Paul & Sefan, 2015). Support for creativity that
comes from outside the student's self is the learning
environment factor (Richardson & Mishra, 2018)
(Gulliksen, 2018), teacher beliefs (Bereczki &
Karpati, 2018) and cultural factors (Fryer &
Bolingbroke, 2011)

This study implies that the mastery of
knowledge and science process skills is not enough
to educate students to be creative but needs other
skills. It should be further investigated which factors
are the most dominant in supporting creativity.
There may be other influential factors that have not
been identified yet. It implies the need for an in-
depth study of these factors leading to the discovery
of the most dominant factor in creativity. If this is
found it will facilitate teachers in improving student
creativity that is a demand of 21st century
competence.

CONCLUSION

Mastery of knowledge and science process
skills provides a significant positive role to the
students' scientific creativity even in the weak
category. No matter how small the role is, it should
be taken into account in the improvement of
creativity because together with other factors have
the potential to give a big role. Mastery of
knowledge that plays a role in scientific creativity is
the mastery of knowledge more broadly and in more
detail. The skill of the process that plays a role in
scientific creativity is the skill of determining
experimental variables.
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