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Compe’fence Data collected using test methods and questionnaires with product
Creativity cognitive test instruments, cognitive process tests, scientific creativity
Effectiveness tests and student questionnaire responses. Data analyzed by t-test
SAS and the proportions calculated. Normality test and homogeneity test
e are done before the t-test is applied. Increased creativity and student
learning outcomes are calculated using normalized N-Gain. The
results showed: 1) Improvement of students' scientific creativity after
joining learning in the medium category. 2) Improving student
learning outcomes after participating in learning in the good
category. 3) Student responses to the learning process in the positive
category. Based on the above, it can be concluded that the application
of student activity sheet model used in learning activities to improve
scientific creativity competency and student learning outcomes is
effective.
M) Check for updates () https://doi.org/10.46627/silet
INTRODUCTION

Experimental activities and quantitative measurements aim to identify basic laws governing
natural phenomena and use them to develop theories that can predict experimental results, an
intellectual culture that encourages fundamental creativity from important science and needs to
be improved (Jewett & Serway, 2008; Mukhopadhyay & Sen, 2013). Teaching is not enough to
master the core subject and be equipped with critical thinking, communication, collaboration,
and creativity to accommodate the needs of century skills (Kellog et al., 2011).

Problem-solving is very much related to creativity. Students who have the right conception
of the nature of learning science will use various approaches to study deeply and encourage the
growth of creativity. Scientific creativity of some student-teacher candidates in terms of
applying concepts, exploring ideas, designs and scientific products is still lacking (Suyidno et
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al., 2015; Mueller et al., 2012; Rietzscehl et al., 2010; Mukhopadhyay & Sen, 2013). The Scientific
Structure Creativity Model (SSCM) as a theoretical basis for measuring scientific creativity is
complemented by seven items of scientific creativity tests (Hu & Adey, 2010). They recommend
that they be used as an empirical basis for researchers interested in scientific creativity and
developing specific intervention programs to practice scientific creativity. Interventions that can
be used to practice scientific creativity include Project-Based Laboratory Learning (Dwikoranto
et al., 2019) Problem Based Learning (Suyidno, 2019; Ghorgiu et al., 2015), Learn to Think (Hu et
al., 2013), Teaching, Learning and Creativity Models for Science (Rotteram, 2014), Project-based
Science Creative Learning (SCL) (Wibowo & Suhandi, 2013). The researchers recommend that
lecturers should pay attention to the importance of feedback, application, scientific literacy for
creativity (Moutinho et al., 2015; Ghorgiu et al., 2015; Rotteram 2014). The Teaching-Learning
and Creativity (TLC) model exists to accommodate it and needs to be tested for its effectiveness
in various study fields (Dwikoranto et al., 2019). TLC models with creativity indicators: unusual
use, problem finding, product improvement, scientific imagination, science problem solving,
science experiments, and product design. This model was developed in five phases: problem
orientation, problem finding, problem-solving, advanced training, evaluation and follow-up
(Suyidno et al., 2018; Demir & Sahin, 2014; Ayas, M.B. & Sak, U. 2014). The TLC for Science
Model's core phase is the creativity phase; lecturers can train through the activities on the
student activity sheet (SAS). Creativity assignments are given in SAS to expand the range of
creative activities, so students can apply, produce, find, compare, connect, discover, imagine
and plan.

Creativity can be seen as a creative process, creative person, creative product, and creative

environment (Sudarma, 2012; Fryer, 2012; Torrance, 2013; Liu & Lin, 2013). Creativity is the
process of sensitivity to a problem, identifying difficulties, finding solutions by making guesses
or formulating hypotheses, testing and re-testing hypotheses, modifying, and finally
communicating the results (Torrance, 2013). The resulting creative solutions take new solutions
or new ideas that show fluency, flexibility, originality, and detail in thinking. Lecturers should
focus on the process of encouraging the development of student scientific creativity in order to
produce creative work. Creative products result from creative thinking which is seen as
something new (Nur, 2014; Dwikoranto et al., 2020).
The key factor in developing creativity is an atmosphere of free, open, democratic, and positive
learning. Student Worksheets that accommodate this can be used to enhance creativity in
science today. There is a significant positive relationship between achievement motivation and
the ability to think creatively. It means that the higher the achievement motivation, the higher
the ability to think creatively, and vice versa (Hu et al., 2013). Students are motivated during the
learning process, help think flexibly, do not control excessively, collaborate with creative people
(Santrock, 2009).

Science learning to practice scientific creativity involves the interaction of hypothesis
generalization, experimental design, and evaluation of evidence (Mukhopadhyay & Sen, 2013;
Ayas & Sak, 2014). Hypothesis generalization involves students formulating hypotheses
derived from prior knowledge or experimental data, then verifying the rationality of the
hypotheses to be investigated. Experimental design involves students in designing and carrying
out appropriate experiments to prove or refute hypotheses. Evaluation of evidence is done by
verifying the compatibility of the theory with the results of the investigation. It can be designed
integrated into laboratory activities in the form of the Student Activity Sheet (SAS) (Dwikoranto
et al., 2018).

Student Activity Sheet is one of the learning resources that can be developed by lecturers as
facilitators in learning activities that can be designed and developed according to the conditions
and situations of learning activities to be encountered and the objectives to be achieved (Astutik
& Prahani, 2018; Dwikoranto et al., 2018). SAS is one of the facilities to help facilitate learning
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activities that can form effective interactions between students and lecturers to improve student
achievement (Rahardjanto et al., 2019).

The creativity assessment adapted the seven items of scientific creativity instrument from
Hu and Adey in an essay test. Essay tests enable students to produce answers that meet the
criteria of fluency, flexibility, originality, and elaboration that need to be tested in various
courses (Eggen & Kauchak, 2013). The development of students' scientific creativity will
positively contribute to improving cognitive learning outcomes of products and processes,
affective, and psychomotor.

Based on the preceding, the general formulation of the problem in this study is, "Is the
student activity sheet model applied to enhance scientific creativity and student learning
outcomes effective?". The formulation of this problem can be broken down into three research
questions as follows.

1. How is the improvement of students' scientific creativity after participating in learning with
student activity sheet model?

2. How to improve student learning outcomes after participating in learning with student
activity sheet model?

3. How is the student's response to the learning process with the student activity sheet model?
Research Objectives explain the effectiveness of student activity sheet Model to enhance
scientific creativity and student learning outcomes and student responses to the learning
process with the student activity sheet model.

This research contributes: 1) For lecturers, student activity sheet model can be used as an
alternative learning strategy to provide direct experience in increasing scientific creativity and
student learning outcomes. 2) For students, student activity sheet model can experience direct
experience in increasing scientific creativity and learning outcomes. 3) For institutions, as a
study material to innovate learning and curriculum development that meets the demands of
21st-century competence. 4) For other researchers, student activity sheet model can be used as
input and consideration in developing relevant and broader research.

RESEARCH METHOD

Type of Research

This type of research is pre-experimental design research to see the extent of the student activity
sheet model's effectiveness in learning in class using one group pretest-posttest design
(Sugiyono, 2010).

Research Variables and Operational Definition Variables

a. The effectiveness of student activity sheet model is that the use of SASs is expected to
produce the desired results. SAS is said to be effective if it can increase scientific creativity
and student learning outcomes, increase scientific creativity and student learning outcomes
after learning better than before learning, students are active during the learning process and
students' positive responses to the learning process.

b. Scientific Creativity is Creativity in learning that is emphasized on unusual use indicators,
problem finding, product improvement, scientific imagination, science problem solving,
science experiments, and product design. Scientific Creativity is measured before and after
the learning process by completing items on the Scientific Creativity Test Sheet Instrument.

c. Student Learning Outcomes emphasized on cognitive and psychomotor learning outcomes.
Student learning outcomes are measured before and after the learning process by completing
items on the Product Cognitive Test Sheet Instrument, Process Cognitive Test Sheet
Instrument, Psychomotor Test Sheet Instrument.

d. Student Response is the student's opinion on the student activity sheet Model used, scientific
Creativity that is trained, the learning atmosphere, and how the tutor teaches by filling in the
Student Response Instrument Sheet on the student activity sheet model.
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Research Subjects

The study's subject was the student activity sheet model and for the implementation of primary
teacher Education undergraduate students who programed the basic science subject in the
2019.1 registration period at Open University.

Data Collection Techniques

Data on scientific creativity and learning outcomes were collected through tests before and after
the learning process by working on the Product Cognitive Test Sheet Instrument, the Process
Cognitive Test Sheet Instrument, the Scientific Creativity Test Sheet Instrument. Student
response data is obtained by asking students to fill in the Student Response Questionnaire Sheet
at the end of learning,.

Data Analysis Techniques

a. Scientific Creativity

Scientific creativity is analyzed based on students' scores before and after learning using the
student activity sheet model. The value of scientific creativity of students 'pretest and posttest
results were analyzed with N-gain to show the degree of increase in students' scientific
creativity before and after learning with the student activity sheet model. The results of the N-
gain calculation are then converted to the criteria in Table 1.

Table 1. Normalized Gain Criteria

N-Gain Score Normalized Gain
0.70 < N-Gain High
0.30 £ N-Gain £0.70 Medium
N-Gain < 0.30 Low
(Gronlund & Linn, 1985)

The sensitivity index of an item is a measure of how well the item distinguishes students'
ability before and after learning by using the student activity sheet model. An item is said to be
sensitive to learning if S > 0.30.

1) Homogeneity Test

Homogeneity test aims to determine that the data obtained are homogeneous or not
homogeneous. Test the homogeneity of the pretest, posttest data, using the Levene Test.

2) Normality Test

The normality test aims to find out that the data obtained has a normal or abnormal
distribution. Normality test is performed for pretest, posttest data using the Kolmogorov-
Smirnov test.

3) Differences in Scientific Creativity Before and After Using a model

The difference test is used to determine the significance of the model in enhancing scientific
creativity by testing the difference in the average score of pretest and posttest of students who
use the student activity sheet model. Statistical tests using Paired Sample t-test (Trihendradi,
2011).

b. Student Learning Outcomes

Student learning outcomes were analyzed based on scores obtained by students before and
after learning using the student activity sheet model. The learning outcomes of students'
pretest and posttest were analyzed with N-gain to show the degree of influence of the increase
in student learning outcomes before and after learning with student activity sheet model. The
n-gain calculation results are then converted to the criteria in Table 1.

c. Student response

Student response questionnaire was used to find out students' opinions on student activity
sheet model along with tools developed, scientific creativity, learning atmosphere, and the way
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the lecturer taught. Student responses were analyzed descriptively qualitatively with
Percentage.

RESULTS AND DISCUSSION
1. Improvement of students' scientific creativity after participating in learning with student
activity sheet model can be observed in Table 2 below.

Table 2. Results of Student Creativity Analysis

Pretest Posttest
Indicat Inf ti
ndicator ormation SN Comp.leteness 2 SN Comp'leteness %
Indicator Indicator

complete 10 27

Unusual use 33.33 50.40 90.00 90.60
Not complete 20 3
complete 8 27

Problem finding 26.67 48.60 90.00 88.60
Not complete 22 3
complete 10 26

Product P 3333 48.50 86.67 88.50
improvement Not complete 20 4
NIy complete 10 26

Scientific P 33.33 4412 86.67 | 89.12
imagination Not complete 20 4
; complete 14 25

Science problem P 46.70 62.50 83.33 84.50
solving Not complete 16 5
complete 9 26

Science experiment 30.00 26.67 86.67 80.83
Not complete 21 4
complete 11 24

Product design 36.67 50.83 80.00 72.15
Not complete 19 6

Note: X = Average Score, XN = Sum of Student.

Based on Table 2. Before applying the TLC model of SAS, the number of students who
completed the indicators and those who did not complete, of the seven indicators determined,
there were still many indicators that were incomplete. After the face-to-face meeting the
opposite occurs. For all indicators at the time of the final test all indicate complete indicators.
This means that the application of the SAS model of the TLC created has indeed led to this. This
reinforces and is in line with the results of research conducted by previous researchers that
motivation can be formed and enhanced by interventions in learning (Jamal, 2015; Dwikoranto
et al, 2019; Suyidno et al, 2015; Hu & Adey, 2010).

Increased creativity in unusual use indicators to product design by students related to
student activity sheet models the results can be observed in the following Table 3.

Table 3. Value of N-Gain and Sensitivity of Creativity Items

) N-Gain Sensitivity
No Indicator Coeficient | Information | Coeficient | Information

1 | Unusual use 0.81 High 0.48 Sensitive

2 | Problem finding 0.78 High 0.64 Sensitive

3 | Product improvement 0.78 High 0.67 Sensitive

4 | Scientific imagination 0.81 High 0.54 Sensitive

5 | Science problem solving 0.59 Medium 0.38 Sensitive

6 | Science experiment 0.74 High 0.35 Sensitive

7 | Product design 0.43 Medium 0.12 Not Sensitive
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Of the seven indicators, as many as five indicators increased in the high category (i.e.
indicators 1, 2, 3, 4, 6; unusual use, problem finding, product improvement, scientific
imagination, science experiment. While the two indicators namely science problem solving and
product design and increase in moderate criteria, this provides an opportunity for further
research for other researchers to do so, this high increase is due to proper conditioning in SAS
designed with content that fits the indicator (Nur, 2014, Dwikoranto et al., 2018; McCarty, C,
2010). In science indicator, problem-solving students still need scaffolding to achieve high N-
gain. Product design requires individual experience and repetitive activities in the learning
process.

Similarly, in terms of the sensitivity of the items designed, the same thing is obtained:
unusual use, problem finding, product improvement, scientific imagination, problem-solving
science, a science experiment in the sensitive category. Simultaneously, product design
indicators in the category are not sensitive (Trihendradi, 2011). The sensitivity index of the
items made by referring to the seven indicators above can distinguish students' ability before
and after learning by using the student activity sheet model. An item is sensitive to learning if
the value of S > 0.30 and these criteria are met for the 6 item indicators.

2. Improving Student Learning Outcomes After Following Learning With student activity
sheet model

Student learning outcomes are netted with 6 test instruments for cognitive learning outcomes of
product 1, cognitive products 2, cognitive process 1, cognitive process 2, psychomotor 1, and
psychomotor 2 which are integrated with the process of learning activities in the real class the
results can be seen in Table 4 below.

Table 4. Analysis Results of Learning Outcomes Tests

Learning Outcomes . Pretest Posttest
Information — —
Test EN | Complete X EN | Complete X
- Complete 4 28
Cognitive Productsl 13.33 49.17 93.33 86.67
Not Complete 26 2
o Complete 6 29
Cognitive Products 2 20.00 34.17 96.67 88.33
Not Complete 24 1
o Complete 4 28
Cognitive Processl 13.3 22.50 93.33 80.00
Not Complete 26 2
o Complete 7 26
Cognitive Process 2 23.33 44.17 86.67 7917
Not Complete 23 4
Complete 6 25
Psychomotor 1 20.00 32.50 83.33 75.50
Not Complete 24 5
Complete 9 27
Psychomotor 2 30.00 26.67 90.00 80.83
Not Complete 21 3

Note: = Average grade, XN = Number of students.

Table 4 illustrates the learning outcomes of 30 students before learning for all tests, the
percentage of completeness below 40%. After four meetings the percentage of completeness is
above 80%. An increase in the completeness of the indicators in the six tests used. The
improvement in this indicator's completeness is in line with the interventions used to practice
scientific creativity. Activities on the student activity sheet with elements that support creativity
are raised to expand the range of creative activities so that students can imagine and plan,
implement, produce, find, compare, connect, find, (Dwikoranto et al., 2019). Furthermore, N-
Gain results from pretest and posttest can be seen in the following Table 5.
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Table 5. Value of N-Gain and Sensitivity of Learning Outcomes Item

No N-Gain Sensitivity
Learning Outcomes Test Coefficient | Information | Coefficient | Information
1 | Cognitive Products 1 0.93 High 0.46 Sensitive
2 | Cognitive Products 2 0.82 High 0.60 Sensitive
3 | Cognitive Process 1 0.74 High 0.62 Sensitive
4 | Cognitive Process 2 0.63 Medium 0.34 Sensitive
5 | Psychomotor 1 0.64 Medium 0.42 Sensitive
6 | Psychomotor 2 0.85 High 0.56 Sensitive

Table 6 states that the 4 test results of learning increased in the high category (cognitive
product 1, cognitive product 2, cognitive process 1, and psychomootor 2). Whereas the other 2
tests (cognitive process 2 and psychomotor 2) are in the moderate category and are still
increasing. The use of Student Worksheets that accommodate a free, open, democratic, and
positive learning atmosphere can enhance creativity (Hu et al., 2013, Suyidno et al, 2019).

3. Student Responses to the Learning Process with student activity sheet model
The response given by students at the end of the lecture by applying aspects of creativity in SAS
and the tutorial model of Teaching Learning and Creativity results are as in Table 6 below.

Table 6. Results of Analysis of Student Responses

Response Yes Response No
Student Response Components Sum % Sum %
1. Novelty of the learning process:
a. The way lecturers teach 28 93.0 2 6.7
b. The language used is communicative 27 90.0 3 10.0
c. The contents of SAS support creativity 27 90.0 3 10.0
d. The atmosphere of independent learning 29 96.7 1 3.3
2. Clarity in conveying the creativity of the process:
a. Unusual use 29 96.7 1 3.3
b. Problem finding 29 96.7 1 3.3
c. Product improvement 29 96.7 1 3.3
d. Scientific imagination 29 96.7 1 3.3
e. Science problem solving 29 96.7 1 3.3
f. Science experiment 29 96.7 1 3.3
g. Product design 27 90.0 3 10.0
3. Clarity in delivering product creativity
h.  Unusual use 29 96.7 1 3.3
i. Problem finding 29 96.7 1 3.3
j.  Product improvement 25 83.3 5 16.7
k. Scientific imagination 23 76.7 7 23.3
1. Science problem solving 23 76.7 7 23.3
m. Science experiment 25 83.3 5 16.7
n. Product design 24 80.0 6 20.0
4. Clarity in the delivery of Psychomotor creativity
a. Psychomotor 1 24 80.0 6 20.0
b. Psychomotor 2 20 66.7 10 33.3
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Student responses to the implementation of learning for the novelty component of the
learning process and the clarity of the delivery of creative processes are very favourable for the
response component, the clarity of delivering positive product creativity (Dwikoranto et al.,
2019). Overall the responses given by students were positive (Jamal, 2015).

CONCLUSION

Based on the results of research and discussion, it can be concluded that the SAS model of
Teaching Learning and Creativity, which is applied to improve the competence of students'
scientific creativity is effective. The conclusion above is based on the finding that the student
activity sheet model developed to improve scientific creativity and student learning outcomes
are effective. Because it increases students' scientific creativity after participating in learning
significantly in the medium category and increases student learning outcomes after
participating in learning in both categories and student responses to learning, they are positive.
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