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Abstract : Facing 21st century learning, lecturers need to carry out student-centered learning that is able to
improve creative thinking skills. This research aims to improve students' creative thinking skills by applying
Project Based learning integrated TPAC through lesson study. This study used classroom action research
through study lessons with three open classes with subjects totaling 32 students of the Hamzanwadi
University, mathematics education study program. The data were analyzed using descriptive statistics.
Student activity scores during the learning process from the first, second and third open classes were 73.34%,
77% and 87% there was an increase in average activity of 6.83%. Data on the percentage of students who
scored the ability to think above 75 in the first open class was 78.13%, the second open class was 81.25% and
the third open class was 93.75%, there was an average increase of 7.81%. The conclusion of this study is that
the application of Project Based learning integrated TPACK through lesson study can improve students'
creative thinking skill. Researchers hope that lecturers can apply TPACK integrated project-based learning to
the courses taught.
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INTRODUCTION

In most students, mathematics is a lesson that leaves an unpleasant experience in
learning that will affect students' attitudes and learning outcomes. The results of
observations on integral courses in students of the Mathematics Education study program
at Hamzanwadi University show that lecturers have not been optimal in implementing
innovative student-centered learning. Lecturers have also not been able to facilitate
students in learning who are able to develop creative thinking skills. Students also have
difficulty in solving questions related to daily life. Facing 21st century learning is
characterized by the presence of technology, which affects the management of learning and
student characteristics which is a challenge for teachers. This challenge can be overcome by
developing creative thinking skills(Ulger, 2018, p. 7). A person's creative thinking ability in
learning will determine their learning outcomes (Yanti, 2019, p. 72). Meanwhile, the results
of a PISA study in 2015 stated that the creative thinking ability possessed by students in
Indonesia is still relatively low (OECD, 2016, p. 8). The ability to think creatively is one of
the important competencies needed in the 21st century . In addition, the learning carried
out by the teacher will affect the learning atmosphere carried out (Kilinc, 2018, p. 224).
Teachers need to design and manage learning by actively engaging students in learning
that encourages students to learn (Mbhiza, 2021, p. 281; Akturk, 2019, p. 286; Tsakeni, 2021,
p- 133). Creative thinking is indispensable for a person when they enter the world of work.
The ability to think creatively is the ability to create something new (Sulistiyono, 2017, p.
1228). Meanwhile, Risnanosanti (2020, p. 171) states that creative thinking skills can be
trained according to the learning material. Teachers must be able to use innovative or varied
learning models that are adapted to the learning material to be learned by students, so that
students will not feel bored in following the lesson and motivated to learn well and be
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enthusiastic during learning (Furmanti, 2019, p. 3). Therefore, in mathematics learning, a
teacher is required to carry out learning that not only memorizes facts but is also required
to train and develop the creative thinking skills of learners that will be needed to face and
solve problems in his life. In creative thinking, students are required to explore new ideas,
insights, and ideas to solve the problems faced, so that in the learning process in the
classroom they are required to be able to design learning that is able to train and develop
creative thinking skills.

One of the learning models that can be applied and adopted to place students as
learning centers is the application of the project-based Learning model (PjBL). PjBL is
effective learning to develop students' creative thinking skills. PjJBL to provide
opportunities for teachers to manage classroom learning by involving project work (Wena,
2014, 72). PjBL is student-centered and gives students the opportunity to conduct in-depth
investigations on important topics (Grant, 2003, p. 77). PjBL is an activity where students
can explore knowledge and teachers facilitate students in exploring knowledge. PjBL is
carried out based on students' external motivations to foster independence in carrying out
and completing tasks in learning(Ramesh, 2020, p. 566; Timberlake, 2020, p. 4). PjBL also
encourages students to define and select key principles on the subjects students are
studying (Guo, 2020, p. 4). PjBL requires students to design and develop systems that can
be used to conduct real-world investigations and solve problems (Sababha, 2016, p. 2577).
PjBL is a method by which students engage in intellectually challenging tasks to acquire
knowledge and abilities used in solving problems (Movahedzadeh, 2012, p. 3). PjBL is a
complex activity based on challenging problems that involve students in project design as
well as providing opportunities for students to work independently (Fitriyani, 2018, p. 246).
PjBL is an effective learning to develop students' creative thinking skills (Tasiwan, 2015, p.
765). The use of PjBL must also be in accordance with the material to be delivered in order
to encourage students to carry out projects (Farihatun, 2019, p. 637). PjBL provides an
opportunity for teachers to motivate students to design the right strategies, design projects
and conduct research in solving real problems at hand. PJBL emphasizes the
interrelationships between concepts and everyday experiences so that students can relate
concepts they already have with new knowledge they have gained. The application of PjBL
can improve learning outcomes, motivation and encourage students to creatively and
independently produce products, provide a student experience to build their own
knowledge and improve the ability of students to communicate products(Adinugraha,
2018, p. 2). Through project-based learning students can gain more active knowledge, and
students are more responsible in the learning process.

Facing the development of technology in today's 21st century learning, teachers are
required to have Technological, Pedagogical, Content Knowledge (TPACK) knowledge
that is able to integrate technology in learning, let alone learning. TPACK is a type of
knowledge that must be acquired by teachers to be able to integrate technology well in
learning(Mishra, 2006, p. 142). TPACK is the transformation of knowledge, content and
pedagogical knowledge into different types of knowledge used to develop and implement
teaching strategies (Tuithof, 2021, p. 5). TPACK is the knowledge of how various
technologies can be used in learning and the use of these technologies can change the way
teachers teach (Farikah, 2020, p. 192). In learning, teachers must have the necessary
competencies in integrating technology appropriately and effectively (Akturk, 2019, p. 288).
TPACK is a container that is an integration of technology, pedagogy, and knowledge of
material or content that influences each other in the learning process (Rahmadi, 2020, p.
115). The integration of technology in the implementation of learning carried out by
teachers is a major factor in using the TPACK approach (Malik, 2019, p. 390). Koehler (2013,
p. 16) states that TPACK is a framework used to analyze the integration of technology in
learning carried out by teachers.
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Lesson study is a learning improvement process that applies professional
development practices. In PjBL students work in groups, the teacher discusses learning
objectives, plans learning, observes how students convey their idea ideas during learning
(Takahashi, 2016, p. 515). Lesson study is learning that is carried out in a cyclical manner
where teachers collaboratively plan learning, implement learning, observe and revise
learning (Hurd, 2005, p. 389). Lesson study is one of the models that aims to improve
teacher competence in developing their teaching ability (Seleznyov, 2020, p. 182). In the
lesson study, various learning methods or strategies can be selected and applied according
to the situation, condition, or learning problem faced by lecturers and students.

Referring to the above presentation, researchers are interested in applying TPACK
integrated PjBL to integral calculus courses to improve students' creative thinking ability
through lesson study.

METHOD

The sampling technique used in this study was cluster random sampling. The sample
in this study was 3rd semester students of the Hamzanwadi University mathematics
education study program, totaling 32 people consisting of 25 women and 7 men. The type
of research used in this study is classroom action research with a lesson study approach for
3 cycles with stages of activity including (1) plan, (2) do and (3) see. At the planstage ,
lecturers prepare supporting tools that will be used in lesson studies including: 1) Learning
implementation plans, 2) Student activity sheets, 3) Cameras to document and record the
implementation of learning. At the do stage , there are two main activities carried out,
namely: 1) model lecturers carry out learning designs that have been developed together,
2) observation activities by 3 lecturers about the implementation of learning carried out by
model lecturers. At this stage, the supporting documents used include: 1) observation
sheets for the implementation of learning, 2) observation sheets for student activities during
learning, and 3) instruments for students' creative thinking ability. At the see stage, the
observer delivers a response based on his observational data, regarding student activities
during learning and observation of the implementation of learning designs carried out by
model lecturers.

The data collection instrument used in this study was in the form of an observation
sheet for student activities and a test of students' creative thinking ability. Student activity
observation sheet indicators include: 1) topic determination, 2) project design making, 3)
project schedule making. While the creative thinking ability test is in the form of an essay
test with indicators: 1) fluency 2). flexible, 3) original, and 4) elaboration. The data collected
in the form of data from observations of student activities during learning and data on
students' creative thinking ability were analyzed using descriptive statistics. Indicators of
success in this study are 1) the percentage of student activities in participating in project-
based learning is at least 80%, 2) classically there are 85% of students who obtain a score of
creative thinking ability of at least 75.

RESULT AND DISCUSSION
Plan Stage

Researchers compile instruments including planning the implementation of learning
using project-based learning, compiling observation sheets on student activities in project-
based learning and test instruments to measure students' creative thinking ability. Before
the instrument is used, FGD is carried out with 4 lecturers to get input and revise the
instrument to be used in learning.

Do Stage
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Researchers as model lecturers carry out learning based on learning designs that
have been prepared by involving 3 lecturers of the mathematics education study program
as observers. The implementation of learning is carried out for 3 open class.

First Open Class

The first open clas was held on November 18, 2022 for 2 x 50 minutes. In this activity,
model lecturers apply project-based learning to the material of indeterminate integral
application by involving 3 partner lecturers as observers. Azima (2020) in her research,
partner lecturers as observers who have been selected to observe model lecturers in the
implementation of le_arniy&fix‘s’cqaen class activity is shown as shown in Figure 1

Figure 1. Implementation of the First Open Class
The results of observations related to student activities in participating in learning are
presented as shown in Figure 2.

42
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36 36 36
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34
30
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schedule

B Observer 1 M Observer 2 M Observer 3

Figure 2. Average student activity score in the first open class
Based on Figure 2, the average student activity during the learning process is 73.34%
still below 80%. Meanwhile, based on the results of the students' creative thinking ability
test after taking the first open class shown like figure 3.
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Figure 3. Data on students' creative thinking ability on first open class

Based on figure 3, that out of 32 students, there are 25 or 78.13% of students who get a
creative thinking ability score above 75, still below 85% Based on the indicators set, the
implementation of the first open class has not met the achievement indicators set so it is
necessary to do the second open class.

Second Open Class

The second open class will be held on November 25, 2022 for 2 x 50 minutes. In this
activity, model lecturers carry out revised project-based learning. To measure the
implementation of learning, this activity involves 3 partner lecturers as observers. The
learning activities in the second open class are shown as shown in Figure 4.

Figure 4. Activities in the Second Open Class
The results of observations of student activities during the second open class learning
are presented as shown in Figure 5.
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Figure 5. Average student activity score in the second open class
Based on data from Figure 5, the average student activity during the learning process
is 77% below the set indicator of 80%. Meanwhile, the score of students' creative thinking
ability after participating in learning showed figure 6.
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Figure 6. Data on students' creative thinking ability on second open class

Based on data from Figure 6 that of the 32 students who took part in the learning, there
were 26 students or 81.25% who got a score above 75. Based on the achievement indicators
set, it is necessary to do a third open class.

Third Open Class

The third open class will be held on December 5, 2022 for 2 x 50 minutes. In the third
open class, the model lecturers carry out learning using a revised learning design based on
observer input in the second open class. This activity involved 3 partner lecturers as
observers. Learning activities in the third open class by model lecturers are shown as shown
in Figure 7.
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Figure 7. Implementation of the third open class
The results of observations of student activities in the third open class are presented
as shown in Figure 8.
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Figure 8. Average student activity score in the third open class
Based on data from Figure 8, the average student activity during the third open class
is 87% above the set indicator of 80%. Meanwhile, the score of students' creative thinking
ability after participating in learning showed figure 9.
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Figure 9. Data on students' creative thinking ability on third open class

Based on data from Figure 9 that out of 32 students who take part in learning, there
are 30 students or 93.75% who get a creative thinking ability score above 75. In the third
open class, the achievement indicator set has been achieved so that there is no need to open
the next class.
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See Stage

At this stage, a discussion was held between model lecturers and observers regarding
the implementation of learning during open classes. Based on the results of observations
about the implementation of learning in open classes, revisions were made to the lesson
learn that will be used in the next open class implementation. The achievement of the
indicators set during the student's learning is greatly influenced by how the model lecturer
is able to apply the learning prepared with the observer at the planning stage. In the
implementation of the first open class, some of the findings obtained include: 1) model
lecturers have not followed the learning steps based on sequential learning design, 2).
model lecturers are still dominant in learning so that learning is not student-centered, 3)
task sharing and jumping task activities have not been seen, 4) students need to be guided
in making project designs and project schedules, 5) Student cooperation in making projects
is still low. Some of the findings in the first open class are what cause student activity while
participating in learning is still low. Meanwhile, (Alghayth , 2020.p. 425) In his research, he
mentioned that in the learning process must be student-centered. In the learning process,
lecturers need to create a learning environment that makes students a learning center
(Ancar, 2007, p. 76). Low student activity during learning and students' creative thinking
ability is caused by learning by model lecturers who are not optimal. This is in accordance
with the research conducted by (Kizkapan , 2017, p. 39) which states that the application of
learning strategies carried out by teachers affects the learning outcomes obtained by
students. Hsieh (2013, p. 21) states that students' creative thinking ability is shown by the
achievement of each of the creative thinking indicators that are set.

In learning with PjBL, model lecturers need to provide guidance to each group in
solving problems so that each group member actively participates both in making project
designs and making project schedules. Research conducted by (Wolthuis, 2020, p. 138) states
that in learning the teacher must be able to coordinate the atmosphere and class time, as
well as re-conclude the material taught. (Celik & Guzel, 2020, p. 4) In his research, he stated
that teachers need to support students to find and discuss various solutions by giving
enough time. Meanwhile, Kula Unver (2016, p. 334) states that broadening students'
thinking is important in developing students' ideas.

In this study, the problem of applying certain integrals as the main problem that must
be solved by students. Projects designed by students are solutions to the problems faced,
namely the problem of using integrals. Students are divided into six groups with each
group given the opportunity to determine the right method for solving integral problems.
Next they explain and test the projects they have compiled. Based on the implementation
of 3 open classes, it shows that the application of PjBL through lesson studies can improve
students' creative thinking ability in certain integral application materials. In the project
design stage, students actively discuss in conducting experiments and presenting projects
produced Learning with PjBL is believed to be able to create student curiosity and improve
students' creative thinking skills (Nuraini, 2021, 106). The results of this study are in line
with the research conducted by (Nita, 2021, p. 235) which states that the application of PjBL
through lesson study can improve students' creative thinking ability with a score of 95 and
an average of 79.19%. Through PjBL, students not only identify problems and find solutions
to the problems they face, but students can also use their various knowledge and creative
thinking abilities to solve problems.(Yamin, 2020, p. 228). PjBL has also facilitated students
to develop themselves both academically and practically to find solutions in everyday life
(Husamah, 2015, p. 113). Meanwhile, Sasson (2018, p. 205) in his research stated that PjBL
is included in innovative learning that can develop students' creative thinking skills. By
applying PjBL in learning, students will be facilitated in developing their creative thinking
skills in facing contextual problems(Chen, 2019, p. 75). By implementing PjBL, students are
given the freedom to be more active and express their ideas through the projects they create
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(Ririn, 2021, p. 12). By applying this PjBL, learning is not only delivered theoretically but
also through direct practice in making works. Therefore, it can stimulate students to think
creatively and work together in completing the compiled project

CONCLUSION

The results of this study concluded that the implementation of PJBL through lesson
studies can help students develop creative thinking skills. In PjBL, improving students'
creative thinking skills is carried out through project planning activities as their efforts to
solve the problems they face. The increase in students' creative thinking ability is shown by
the high percentage of student activities during the implementation of learning and the
percentage of achievement of students' creative thinking ability.

The implications of implementing project-based learning through lesson study are
believed to be able to improve teacher professionalism and teach the importance of how to
work together with fellow lecturers to achieve certain learning goals, improve the ability of
a lecturer to carry out his duties in order to achieve learning objectives. In addition, by
carrying out project-based learning through lesson studies, it is hoped that students'
abilities can be improved in every course taught by lecturers. However, the limitation in
implementing this learning is that it takes a long time both when designing the design and
implementation of lessons in the classroom. Learning is carried out up to 3 cycles also takes
a long time. It is also difficult to determine the time agreement between the model lecturer
and the observer in discussing the learning of lessons and reflection activities . In addition,
various media are also needed that are used in developing projects carried out by students
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