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Scientific Creativity; Project This research aims to describe the profile of scientific
Based Learning; Physics creativity abilities of undergraduate students in the basic
Learning physics 1 course through the application of the Project-

based Learning model. The sample in this research was 50
undergraduate physics education students at Madura
Islamic University taking introductory physics courses.
The data obtained was analyzed quantitatively and then
described. The students' scientific creativity profile was
obtained by administering a scientific creativity test and a
student response questionnaire using the implementation
of Project Based Learning. The data was analyzed using a
score calculation formula, the results were categorized
into very high, high, medium and low category. After
obtaining the scoring, the data is interpreted in percentage
form. Meanwhile, student response questionnaire were
measured using Likert scale and then interpreted in
percentage form. The research results showed that 83% of
students' scientific creativity was still classified as low,
while 17% of students' scientific creativity was classified
as moderate. With details of the creative personal
character profile for each indicator of scientific creativity
as follows: 1) Scientific Phenomena 52.5%, 2) Scientific
Knowledge 15%, 3) Scientific Problem solving 13.75%, 4)
Creative thinking ability 20.4%, 5) advanced scientific
product design 12.7 %, and 6) Technical product 8.7%.
The results of the student response questionnaire showed
that the majority of students experienced difficulty in write
their initial knowledge about physics, difficulty in solving
problems and answering questions based on the scientific
phenomena presented.

INTRODUCTION
Science and technology have increased very rapidly over time, this will have an impact on changing

life in the 21st century [1] [2]. With these changes, humans are faced with various demands of life [3]
[4]. The demands of life will be able to be overcome if someone has sufficient various scientific
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disciplines, broad knowledge, and skills in establishing good relationships between individuals and
groups [5] [6]. Based on these needs, an education system is needed that equips students to acquire the
skills needed in the 21st century [7] [8] [9]. These skills are: 1) critical thinking and problem solving;
2) Collaboration; 3) Creative and innovative; 4) Communication. These four skills are called the 4C
skills [10]. According to several experts, among the skills that are very important for students to
master are creative thinking and innovation, which in science is called scientific creativity [11] [12]
[13] It is known that scientific creativity can help students develop systematic thinking skills, so that
students are able to develop ideas and innovate in solving problems and can create products that have
high value. Apart from that, with scientific creativity students can make good decisions in certain
circumstances [14].

However, according to the results of the latest research conducted by Zainuddin et al [15] and the
researchers themselves in 2022 and 2023, students' scientific creativity abilities are still relatively low
or lacking. Not only that, the results of this research are in line with the results of the OECD report
[16] [17], students' ability to think at a high level, especially in the field of science, is still relatively
low, this is thought to be one of the causes is that their mastery of science is still low. is classified as
low, namely at level 2 of the six existing levels. Meanwhile, to master science you must be at a
minimum of level four of the six existing levels.

Scientific creativity is an indicator that someone has high level skills. According to Hu & Adey [18],
scientific creativity has seven indicators, namely: 1) Understanding of Scientific phenomena, 2)
science knowledge, 3) science phenomena, 4) science problems, 5) imagination, 6) Creative thinking,
7) Trait (fluency, flexibility, originality). All of these indicators are related to each other, so that
people who want to master science must understand these indicators as a whole, not only that, all of
these indicators of scientific creativity will guide students to think creatively and systematically so that
in the end students are trained themselves to come up with ideas. Unique [14] [15] Mastering all
indicators of scientific creativity through systematic thinking exercises, observing scientific
phenomena, training thinking skills through creative thinking techniques including Scamper thinking
techniques and listening attributes [19].

According to Kaufman [20] scientific creativity is a complex cognitive process. This is in accordance
with the explanation of Belda-Medina [21] and Puente-Diaz [22] who state that learning scientific
creativity which is included in the complex thinking category aims to train creative thinking so that it
can give rise to new or original creative ideas. Fatonah et al [23] explained that generating creative
ideas to produce an original product always involves activities that are guided by logical and
systematic thinking skills. Tasdemir [24] expressed the same thing, that often a scientific phenomenon
becomes a problem whose solution requires activities involving motor activity starting with scientific
knowledge in the process of solving the problem with a unique idea. Therefore, in solving problems,
clear creative steps are needed to make it easier for students to find solutions.

The project-based learning (PjBL) learning model has systematic learning stages. There are six stages
related to scientific creativity, namely: starting learning with essential questions, creating a project
design, following the activity schedule, monitoring project progress, assessing project results,
evaluating learning outcomes [25] [26]. This PjBL learning model trains students to produce
innovative products [27] and its application involves complex thinking skills [28] [29]. However, the
results of recent research show that students' scientific creativity in learning science is still relatively
low in this learning design. This shows that high-level thinking abilities in the field of science,
especially physics, are still low [23]. Apart from that, it was found that the PjBL model still does not
use creative thinking techniques in training the ability to generate new ideas in a structured manner.
This PjBL learning model does not yet emphasize students' mastery of initial knowledge. In fact,
according to Santyasa et al [30] and Nainggolan [31], that students’ mastery of initial scientific
knowledge in making a product is important. This finding is also reinforced by the results of other
research which states that the use of creative thinking techniques is a means for students to produce
creative ideas so that students' scientific creativity becomes good [32]. Based on the facts above, it is
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necessary to conduct research to determine the level of scientific creativity of students using the PjBL
learning model in higher education. The aim of this research is to describe the profile of students'
scientific creativity by applying the PjBL model. Scientific creativity test questions with several
indicators are given to students to determine their abilities in scientific creativity. As for the test
material, the researchers used basic physics course material 1 including, motion kinematics, motion
dynamics, energy work, and thermodynamics. The idea of preparing questions like that has never been
done in any research so it is something new in this research. It is hoped that the findings of this
research can help in developing learning models to increase students' scientific creativity.

METHOD

This research is preliminary research using quantitative research methods. In this research, the
researcher did not test the hypothesis but only described the results of preliminary research. The
subjects in this research were 50 students from the Physics Education Undergraduate Study Program at
the Islamic University of Madura; consisting of 20 male students and 30 female students who were
chosen randomly. Before learning using the PjBL model was carried out, all students were asked to
answer a scientific creativity test on basic physics material 1 and after learning, students were asked to
fill out a student response questionnaire using the PjBL learning model.

The research instruments used to collect data include: 1) scientific creativity tests and 2) student
response questionnaires to learning using the PjBL model. The scientific creativity test is designed to
assess students' abilities in scientific creativity. The test instrument consists of 5 scientific creativity
guestions which are arranged based on indicators of scientific creativity [11] [18] namely: Scientific
phenomena, science knowledge, product design ability, science problems, Creative thinking, and
Technical products. The research instrument was validated by three experts in their respective fields.
The validity of test questions can be determined based on the mode of all scores given by experts [33].
Apart from that, research instruments were given input to be improved first before being tested. Once
declared valid, all new research instruments can be used [34].

Student answers to each question item are assessed based on a rubric for assessing student scientific
creativity. The test result data is then calculated using the formula from Jua [35]. which aims to
determine students' scientific creativity for each indicator with the formula:

total score per indikator

- maximum score of the indicator (1)
Apart from calculating the scientific creativity indicator scores, this researcher also calculated the
overall score to determine the level of mastery of scientific creativity. The research data was then
analyzed descriptively. Table 1 shows the average number of student scores grouped according to the
criteria [36].

Table 1. Categories of Student Scientific Creativity

Value Assessment criteria
3,33< score < 4,00 Very high
2,00< score <3,33 high
0,67< score < 2,00 Moderate

score <0,67 Low

The student response questionnaire used in this research was to determine student responses to the
learning process that had been carried out. Student responses to learning are then calculated and
expressed as a percentage. Criteria for calculation results from questionnaires and tests adopted from
Zalat et al [37] and Abdillah [38] as in Table 2.
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Table 2. Interpretation of percentage of response guestionnaire scoring criteria

Percentage (%0) Criteria
76 — 100 Very agree
51-75 Agree
26 — 50 Deficient agree
0- 25 Don't agree

The flow of this research is shown in Figure 1.
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Fig 1. Research Flow

RESULTS AND DISCUSSIONS

Results

The preliminary study's results include the results of scientific creativity tests and student response
questionnaires regarding the learning process using the PjBL model. Table 3 displays the results of

students' scientific creativity tests.

Table 3. Results of students' scientific creativity tests in basic physics course 1

. s . Trait

No Indicators of scientific creativity Fluency flexibility _ Originality Score Category
1 Scientific Phenomena 2,0 2,2 2,1 Moderate
2 Scientific knowledge 0,80 0,60 0,40 0,60 Deficient
3 Scientific problem solving 0,60 0,50 0,55 0,55  Deficient
4 Creative thinking ability 0,80 0,45 0,63 Deficient
5 Advance scientific design product 0,72 0,30 0,50 0,51  Deficient
6 Technical product ability 0,60 0,40 0,50 Deficient

Average 0,98 0,49 0,81 0,81 Deficient

Table 3 shows that the value of each indicator of scientific creativity is in the low and medium
categories. Five indicators of scientific creativity are categorized as poor, while only one indicator is
categorized as moderate. The score of creative personal character based on six indicators of scientific
creativity is generally in the medium category. The scores for indicators of scientific creativity and
creative personal character (Fluency, Flexibility, Originality), which are interpreted in percentage

form, are presented in Figure 2.
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Percentage trait score for each indicator of scientific Creativity
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Fig 2. Percentage of creative personal characteristics for each indicator of scientific creativity

Based on Figure 2, the creative personal character for each indicator of scientific creativity achieved
by Physics Education undergraduate students is generally below 50%. In the indicators of scientific
creativity, scientific phenomena, and creative thinking, the personal character of creative flexibility
and originality is 50-55%, while the personal character of creative flexibility and originality in all
indicators of scientific creativity is less than 50%. Meanwhile, the results of the student response
questionnaire are presented in Table 4.

Table 4. Results of student response questionnaires

No Questions Percentage of “Yes” answers Criteria

Are you able to answer the questions presented at

0,

1 the beginning? 52,4% Agree

5 Does your previous knowledge influence your 65% Agree
answer?

3 Dq you find it dlff!CU|t when you are asked to 90% Very agree
write down a physics concept?

4 Do you ha_lve gh_fflculty when you are asked to 20% Agree
solve a scientific problem?

5 Do you need help generating creative ideas to 90% Very agree

make a product?

Based on Table 4, most students experience difficulty writing physics concepts and generating creative
ideas, with a percentage value of 90%. Meanwhile, 65% to 70% of students have difficulty solving
problems related to scientific phenomena. Only 52.4% of students could answer questions presented in
the form of scientific phenomena.

Discussions

Based on the results of the scientific creativity test in Table 3, research findings show that lecturers
have practiced scientific creativity through the PjBL learning model. However, based on the results of
this research, students' scientific creativity is in the low category with a percentage of 83%, and
students reach the medium category with a percentage of 17%. With details of the creative personal
character profile for each indicator of scientific creativity as follows: 1) Scientific Phenomena 52.5%,
2) Scientific Knowledge 15%, 3) Scientific Problem solving 13.75%, 4) Creative thinking ability
20.4%, 5) advanced scientific product design 12.7 %, 6) Technical products 8.7%. This is caused by
most students having difficulty writing down knowledge about physics concepts and generating
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creative ideas. The second reason is that students are not used to thinking complexly, which can be
seen from the results of the creative personal character for each creativity indicator (Figure 2).

Based on the results of this research, lecturers have trained scientific creativity in undergraduate
physics education students in basic physics courses using a project-based learning model. The PjBL
model is designed to help students increase scientific creativity [26] [39]. However, there are still
limitations in increasing students' scientific creativity; these limitations lie in one phase of the PjBL
model. One of these limitations is not yet practicing mastery of initial knowledge and the ability to
generate creative ideas. Prior knowledge is important in investigations, producing products, and
solving problems [40]. Previously acquired experience and knowledge will enable one to adapt to
different situations [40]. According to Santoso [41], the diversity of students' initial knowledge in
applying the PjBL model for higher-order thinking skills can pose challenges.

The PjBl model has six phases: 1) determining basic questions, 2) preparing project plans, 3)
preparing schedules, 4) monitoring, 5) testing results, and 6) evaluating experiences [25] [42] [43].
Based on the six stages of the PjBL learning model above, there is no stage to explore students'
science knowledge and train creative thinking skills. These two stages are very important in increasing
scientific creativity [15] [44]. This is reinforced by the opinion of dwikoranto [14], that The PjBL
learning model will encourage students to produce creative ideas in solving problems.

In this research, observing scientific phenomena indicates creativity, which most students have
mastered. This can be seen from the results of students' scientific creativity tests, which were answered
well. Meanwhile, the ability to think creatively in generating creative ideas is still relatively low; this
can happen because solving problems requires high-level thinking skills [32] [45] [46] [47]. This is
based on research conducted by Prahani [48] and Suyidno [49] which found that scientific creativity is
the key to high-level thinking.

The results of the student response questionnaire listed in Table 4 are findings that strengthen the
findings of the low scientific creativity test results of physics education undergraduate students. This
can be seen from the students' answers, most of whom answered difficulties in solving complex
problems, difficulties in writing physics material, or initial knowledge about physics with a percentage
of 90%. Then, students could answer questions related to scientific phenomena with a percentage of
52.4%. Students will get used to finding solutions if they have sufficient initial knowledge to construct
them with current experience [50] [51] research shows that prior knowledge is essential capital in
solving project-related problems. Students' scientific creativity will develop with sufficient knowledge
[52].

Based on several findings in this research, the PjBL model still has limitations in training scientific
creativity in physics students at universities; therefore, model development is needed to overcome the
limitations of the PjBL model. This is by Dolmans [53] statement regarding re-adapting a learning
model by considering existing constraints. Apart from the existing PjBL model phases, in developing
the PjBL model, you must pay attention to indicators of prior knowledge and steps for creative
thinking abilities in developing the model because these two indicators help students generate creative
ideas. This is the opinion of Park et al [13], Siagian et al [54], and Siew & Ambo [55], that prior
knowledge is an essential aspect in training students' scientific creativity.

This research is only limited to 1) this research is only limited to the essential material of fundamental
physics 1, namely motion kinematics, dynamics, energy work, and thermodynamics; 2) this research
sample is only limited to 50 students at one university. Thus, it is necessary to conduct further
research: 1) with different materials; 2) with a more significant number of samples in several
universities.
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CONCLUSION AND SUGGESTION

The conclusions in this research are: 1) the scientific creativity abilities of Physics Education
Undergraduate Study Program students are still relatively low. 2) the application of the Project based
learning model has not fully trained students' scientific creativity; 3) students are still unable to solve
complex problems related to scientific phenomena; 4) low scientific creativity occurs in most
indicators including mastery of initial knowledge and the ability to think creatively. This preliminary
research has an impact on the development of the PjBL model syntax which is realized in a new
learning model.
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