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Abstract. The research aimed to explore students' creative thinking skills on 

biotechnology material through the effectiveness of Project Learning STEM E-

Module provided with formative assessments (PjBL-STEM-AF). The research 

was carried out by applying a quasi-experimental design with a non-equivalent 

pretest-posttest. The experimental group received learning on the application E-

Modules PjBL-STEM-AF, while the control group received conventional 

learning treatment. The test instrument in this study was in the form of a 

Biotechnology Creative Thinking Ability Test, which consisted of 8 written essay 

questions with a reliability of 0.87. Quantitative data obtained were analyzed 

using descriptive statistics, normality, and homogeneity tests, different tests, and 

N-gain. The results of the study showed that the student's creative thinking skills 

in the PjBL-STEM-AF class were significantly better than the conventional class. 

In addition, the experimental class obtained a medium N-gain category, while the 

control class was in the low category. Therefore, the experimental class was 

effective in training students' creative thinking skills. In terms of creative 

thinking indicators, for the experimental and control groups, the highest increase 

was obtained in the fluency indicator, while the lowest was in the originality and 

elaboration indicators. Recommendations for further research are to add "Art" 

aspects to the STEM approach so that students' creative thinking skills can be 

further improved. 
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1 Introduction 

Science learning including process, product, attitude, and application components, are 

visible when studying biotechnology [1]. iotechnology discusses the application of 

scientific and technological principles by using organisms to create products or services 

[2], so that it can be used as an intermediary for students in mastering science and 

technology [3]. However, biotechnology materials are very complex and often 
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lead to disputes [4][5] as they relate to biochemistry, genetics, microbiology, physics,
and mathematics. The current study of biotechnology is very important to learn
because it has become a major area of world economic and technological interest.
However, in reality, the literature dealing with the topic of biotechnology education
was still small [5][6].

Biotechnology is applicable and and abstract [7], but students have not mastered it
optimally. In this case, students only completed 68.46%, so they still had difficulty in
understanding the meaning of biotechnology, distinguishing and understanding
conventional biotechnology from modern biotechnology, understanding
microorganisms that play a role in the process of making biotechnology products,
understanding engineering and reproductive technology, and understanding tissue
culture [8]. Meanwhile, concept mastery supports students' creative thinking [9].
Classified as 21st-century skills [6][10], creative thinking could be interpreted as a
way of thinking that is capable of producing new things when learning or
understanding a concept, definition, or work of art, and being able to practice new
creative skills [11] and consisted of indicators of fluency, flexibility, originality, and
elaboration [12][13]. Creative thinking was required by students in formulating
information regarding applications and providing solutions to problem-solving [14],
i.e. solving the bad impacts of biotechnology [15]. However, The Global Creativity
Index 2015 still ranks Indonesian students 115th out of 139 countries [16]. Also, other
research shows that students still have an average flexibility indicator of 46.8%, and
on biotechnology material, the N-Gain results of student's creative thinking skills are
not optimal [15]. Some of the causes of this include the lack of no implementation of
the textbook that supported students' creative thinking skills [17], the lack of science
practicum activities [18] and the learning process also did not emphasize creative
thinking skills [19], and biotechnology learning which still tends to memorize instead
of understanding concepts [20].

In recent years, efforts to increase creative thinking have led to the application of
learning models and teaching materials, such as printed modules [21], Guided Inquiry
Laboratory-based biotechnology material modules [22], Socio Scientific Issue-based
textbooks [23], as well as Bio-entrepreneurship student worksheets on conventional
biotechnology material [24]. However, its application has not facilitated students in
studying modern biotechnology, which was considered difficult and abstract because
they learned something molecular [25]. This problem could be solved by presenting
text, images, videos, and animations in the E-Module [26]. E-Module was a module
that was presented in an electronic form that could be provided with images, texts,
animations, and even videos [26]. E-Module was more accessible and portable, then
students could learn according to their needs [27].

Some learning has been done to improve creative thinking skills, including local
potential-based learning on static fluid material with low N-Gain [28], and Blended
Learning on blood circulation system material with moderate N-Gain results [29].
However, the application of this method did not accommodate applicative material.
Referring to the characteristics of applicable and abstract biotechnology materials
[7][30], Project Based Learning (PjBL) was successfully applied to acid-base solution
material [31] and biotechnology [32]. PjBL can encourage students' creativity and
out-of-the-box thinking [33], making students active in producing project products
that can improve creative thinking [34][35]. In PjBL, students understand concepts
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through the process of making products [32]. Meanwhile, in the STEM approach,
students did an engineering design process to produce the best product [36]. In
biotechnology material, making this product involves other materials, namely biology,
technology, and engineering [37]. Aspects of Science, Technology, Engineering, and
Mathematics could be fulfilled by applying the STEM approach [38]. Therefore, the
PjBL model needed to be integrated with STEM. The STEM approach encouraged
students to explore through project activities [39]. Students could investigate deeper
issues with PjBL-STEM learning [40].

The application of PjBL-STEM could prepare students to engage in meaningful
learning through the process of project activities so that they could be more actively
involved [41]. Project-based assessment is conducted thoroughly during learning [42].
Therefore, formative assessment is needed [43]. Formative assessment occurred
during the learning process and was used to determine student learning progress in
order to obtain information about the way the teacher developed learning and
teaching-learning processes that were carried out normally [44]. Students engaged in
learning activities and gained an understanding of concepts through feedback [1]
therefore the teacher could determine the procedure of continuous learning [45].
However, PjBL-STEM learning that was supplemented by formative assessments was
still rarely done.

Based on the description of the problems above, it was necessary to apply learning
according to the characteristics of biotechnology by reviewing the learning process.
Therefore, the purpose of this research was to find out and analyze the improvement
of students' creative thinking skills on biotechnology material through effectivity test
of project-based learning-STEM e-module provided with formative assessments.

2 Method

The research design used in the implementation of this study is a quasi-experimental
design with a non-equivalent pretest and posttest to be compared [46]. The research
was conducted on ninth-grade students at a junior high school in Malang who were
studying biotechnology. Based on the existing population, the research sample was
selected by non-random assignment [47]. Therefore, two classes were selected as
samples, namely an experimental class with 31 students taught with
PjBL-STEM-AF-based E-Modules and a control class with 31 students taught with
conventional learning.

The instruments applied to experimental class learning were PjBL-STEM-based
E-Modules provided with formative assessments that had been developed by Silfiyah
et al. (2021) [48]. The appropriateness results of E-Module products were
successively based on the validation test results of material experts, media experts,
and teachers of 94.83%, 99.33%, and 91.67%; therefore, they were very suitable for
use as teaching materials [48].

Implementation of project-based learning activities in school and assignments in
student learning activities in the E-Module had been integrated with the PjBL-STEM
syntax, namely Identify Problems and Constraints, Research, Ideate, Analyze Ideas,
Build, Test and Refine, and Communicate and Reflect [49]. The E-Module was also
equipped with key strategies from formative assessment according to Thompson
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(2008) [50] that included sharing learning, questioning, feedback, peer assessment,
and self-assessment [51]. In addition, the E-Module was also equipped with indicators
of creative thinking skills, including fluency, flexibility, originality, and elaboration,
according to Baer (1993) [52]. The Identify Problem and Constraints syntax which is
thick with science aspects is realized in the “Let's Identify” activity with the
involvement of key sharing learning strategies to build flexibility indicators. The
Research syntax is carried out through the "Let's Investigate" activity with the
involvement of science aspects designed to develop flexibility indicators. The Ideate
syntax with the involvement of technology aspects focuses on the "Let's develop
ideas" activity and is designed to build the fluency indicator. The "Let's Analyze"
activity, which corresponds to the Analysis Ideas syntax and involves aspects of
Science and Technology and key questioning strategies, provides opportunities for
students to carry out project tasks and builds the originality indicator. The Build
syntax is realized in the "Let's Make" activity involving all aspects of STEM and the
key strategies of peer assessment and self-assessment and is designed to build the
elaboration indicator. The Test and Refine syntax in the "Let's Test and Refine"
activity involves the key strategy of feedback and is designed to achieve the
elaboration indicator. Finally, the Communicate and Reflect syntax carried out in the
"Let's Presentation and Reflection" activity involving feedback, self-assessment and,
peer assessment is able to increase the elaboration indicator.

The test instrument in this study was The Biotechnology Creative Thinking Ability
Test (BCTA Test), which was composed of 8 written essay questions with details on
two items about each indicator of creative thinking. Before conducting the research,
instrument validation was carried out first. It consisted of device validation and
question validation by using a Likert scale with very valid results. Content validation
and construct validation were conducted by 2 thesis supervisors and 2 science
teachers. Furthermore, the test instrument was tested empirically on 128 students who
had studied biotechnology to determine its validity and reliability values using SPSS
software. This empirical test produces valid BCTA Test items and has a Cronbach's
alpha reliability of 0.87. The research data from the pre and post-test results were
analyzed through the categorization of creative thinking completeness [53], 2-group
t-test [54], and N-Gain improvement [53]. The learning model with E-Module based
on PjBL-STEM-AF is said to be effective in improving students' creative thinking
skills if the experimental class is significantly better than the control class, and the
experimental class obtains an N-gain of at least medium category.

3 Results and Discussion

The statistical description of the pretest, posttest, pre-posttest improvement, and
N-gain data, respectively for the experimental and control classes, was 35.79 (6.34),
71.88 (8.72), 36.09 (9.43), and 0.56 (Medium); and 40.32 (9.10), 53.73 (11.84), 13.41
(7.99), and 0.23 (Low). It appears that both classes have almost the same pretest
score, but the experimental class has a higher post-test score than in the control class
so that the experimental class has a higher pre-post-test score improvement than the
control class. The Shapiro-Wilk normality test results for the creative thinking
improvement data are Sig. 0.311 for the experimental class, and Sig. 0.673 for the
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control class so that both classes have a normal distribution. While the homogeneity
test results are Sig. 0.210 so that both classes have homogeneity of variance.

The results of the independent t-test showed Sig. (2-tailed) <0.001. This means that
the increase in creative thinking in the experimental class is significantly higher than
the control class. Thus, the PjBL-STEM-AF learning model is able to improve
students' creative thinking skills. Furthermore, the results of the N-gain calculation
show that the experimental class obtained 0.56 (Medium), and the control class 0.23
(Low). Thus it can be said that the PjBL-STEM-AF learning model is effective in
improving students' creative thinking skills. The results of this study are supported by
previous research, including PjBL-STEM learning is able to achieve an increase in
students' creative thinking skills and has a major influence [55], and could be useful
for students to increase their learning outcomes from low to higher results and be able
to reduce their achievement gaps [56], and with the addition of formative assessments
students be able to describe and provide solutions to the problems given [57]. The
results of student products can be used to interpret the material that has been taught
and also to achieve learning objectives [58]. However, this research has the advantage
of previous research, namely the addition of Formative Assessment in the
PjBL-STEM learning model.

In this research, the N-gain calculation results for learning activity 1: Conventional
and modern biotechnology, for the experimental and control classes, were 0.61
(Medium) and 0.23 (Low), respectively. For learning activity 2: The impact of
conventional and modern biotechnology, for the experimental and control classes,
respectively, are 0.51 (Medium) and 0.23 (Low). It appears that in both activities the
experimental class achieved a medium category N-gain which was higher than the
low category control class. In the experimental class, the N-gain of Activity 1 was
higher than Activity 2, but the control class obtained the same N-gain for both
activities. This difference may be due to the experimental class learning series that
had been arranged for each sub-material. There were project-making activities
according to the problems presented in the E-Module. The first project was about
making nata with natural ingredients and fruit juice, while the second project was
about making biogas and organic fertilizer as a solution to the impact of
biotechnology waste products. In this research, students showed a high sense of
responsibility related to the assignments presented. This was because E-Modules
provided with formative assessments could help students move from group regulation
to independence. Therefore, this situation was capable of demanding students'
abilities to be able to describe the problems presented; therefore, cognitive structures
could grow and play a role in helping to build student knowledge itself so it could
foster problem-solving skills better [59]. Another advantage of implementing
formative assessment in Project Based Learning-STEM learning was that it was able
to develop all individual students, stimulate students' creative abilities, and build
individual groups that have a sense of responsibility [60].

This study used four indicators of creative thinking skills. The results of obtaining
an increase in students' creative thinking based on each indicator in the experimental
and control class groups, respectively for the indicators of fluency, flexibility,
originality, and elaboration, were 0.83 (high), 0.54 (medium), 0.46 (medium), and
0.48 (medium); and 0.32 (medium), 0.19 (low), 0.25 (low), and 0.12 (low). It appears
that the increase in each creative thinking indicator in the experimental class is one
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level higher than the control class. The experimental class fluency indicator was
categorized as high and the control class as medium. This means that students already
had the skills to express their ideas smoothly and were able to provide many ideas
from their own thoughts. Students were able to provide a number of answers, and
were fluent in expressing many ideas [61]. Also, if students already had very good
mastery of the materials, they were able to create many ideas on a problem, so their
creative thinking skills could increase [62]. Related to biotechnology material,
students are able to provide various answers and create many ideas based on problems
related to biotechnology material [63]. Whereas control class students have not been
able to provide ideas fluently and have not been able to solve problems well from the
ideas they have. This means that students only answer questions with makeshift
answers [64].

The experimental class flexibility indicator is categorized as medium and the
control class is low. This is in line with previous research that STEM learning from
home with PjBL can improve flexibility indicators [65]. The flexibility aspect was
seen when students were able to provide varied ideas for a problem and were able to
present concepts differently [18]. Experimental class students were able to provide
solutions and hypotheses in solving the impact of using chemical fertilizers, namely in
the form of making fermented compost, biofertilizer, and utilizing the remaining
biogas sludge. The level of medium to high flexibility indicators is closely related to
the number of ideas that students can create and the answers produced must be varied
[66]. Open (divergent) questions could be used to develop students' flexibility skills to
give correct answers from various points of view [67].

The originality indicator of the experimental class is categorized as medium and
the control class is low. This is in line with previous research that STEM learning
from home with PjBL can improve originality indicators in the medium category [65].
This condition occurs because in the E-module there are project learning instructions,
examples of creative thinking evaluation questions, and structured tasks that can
condition students to be able to design simple projects. Students who had good
originality skills would be able to address existing problems, create their own ways
that had not been thought of before, and be innovative in solving them [63]. A student
with creative abilities would be able to improvise to find and create novelty and
unique things [68]. In this study, experimental students have been able to provide
solutions to the problem of soybean skin waste, namely making it organic fertilizer,
processing it into nata products, fermented food for animals, and bread flour. It
appears that in solving the problems given, students use their own methods and have
not been thought of by others [69]. However, the increase in students' originality
indicator is the lowest. It may be because students are still unfamiliar with this
PjBL-STEM-AF learning model. Therefore, it is recommended to add the "Art"
aspect to the STEM approach. Meanwhile, control class students with low originality
indicator improvement still have difficulty in providing original ideas [70].

The elaboration indicator of the experimental class is categorized as medium and
the control class is low. The result of this study is supported by previous research that
PjBL learning is able to improve the elaboration indicator medium category [71].
Students with good elaboration abilities did not just give sober answers when facing
problems; they were also able to present concise, precise, clear, logical arguments that
were packaged in the form of good presentations or explanations, so others could
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more easily understand the answer [63]. In this study, PjBL-STEM-AF learning was
able to train students to solve or answer a problem by carrying out detailed procedures
and trying to develop ideas for solving problems in detail. Students are able to answer
questions and solve household waste problems with detailed steps and develop their
ideas in the form of making solid, liquid, and biogas fertilizers in one series of tools.

4 Conclusion

Based on the findings and discussions, it can be concluded that the PjBL-STEM-AF
learning model is effective in improving students' creative thinking skills. This is
characterized by students in PjBL-STEM-AF learning being able to improve creative
thinking skills significantly higher than conventional learning, and being able to
obtain a medium category N-gain increase. In terms of creative thinking indicators,
for the experimental and control groups, the highest increase was obtained in the
fluency indicator, while the lowest was in the originality and elaboration indicators.
The increase in the originality indicator of experimental class students was the lowest.
This may be due to the fact that students are still unfamiliar with this PjBL-STEM-AF
learning model. Recommendations for further research are to add "Art" and
"Religion" aspects to the STEM approach in the E-Module to build students' creative
thinking skills better.
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