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Abstract—21st century learning includes achieving the ability to communicate, think critically, think and act creatively, and
collaborate. One of the efforts recommended by experts to achieve this is through the application of project-based learning.
Various forms of blending are implemented using project-based learning. One form of method in project-based learning is the
practicum method. This literature review aims to describe various forms of project-based learning as well as the development of
practical guide modules and their relationship to several practical activities that lead to the chemical identification of natural
medicinal plant ingredients. The various results of this research will give birth to alternative project-based learning by developing
practical guide modules that can strengthen students' understanding of high-level thinking skills related to the classification of
living things, especially plants, as well as science process skills and scientific attitudes.
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1. Introduction

This article is a literature review in project-based learning journals through science practicum, especially regarding the
chemical identification of natural substances in plants. This article discusses 3 search groups, namely the application of project-
based learning, the application of science practicum manual modules and the introduction of natural product chemistry to various
medicinal plants. The journal articles were reviewed to find the main ideas of each journal article and connected them to each
other.

Science learning is a collection of knowledge that studies natural phenomena that are arranged systematically, which is
obtained from thought and research through the process of observation and experimental skills [1]. Concepts in science learning
are collected from observation activities or facts experienced in everyday life. The various facts found were finally strengthened
through various investigations through science practicum activities. The implementation of science practicum will proceed by
referring to the practicum guide module provided by the teacher. The science practicum method can have a positive influence on
students' learning abilities such as students' science process skills [2], [3] improving students' critical thinking skills [4].
Practicums in the application of science can also be carried out based on students' scientific literacy [5], inquiry-based and project-
based [7].

Referring to UNESCOQO's four pillars as recommendations for efforts to face and adapt to future challenges, namely Learning to
Know, Learning to Do, learning to Be, and learning to live Together, demanding learning refers to learning that demands the role
of students to develop their potential. The demands of the 21st century education paradigm also describe students who are able to
collaborate, communicate well, have the ability to think critically and creatively (4C) [8]. Every student who learns will certainly
gain a construction of understanding, become more skilled and have better attitudes and behavior. In line with that, science
education in Indonesia leads to achieving competency in attitudes, knowledge and skills.

One of the recommendations of experts to achieve the demands of this paradigm is to use project-based learning. Project-based
learning is basically a learning model that provides students with direct real-world experience related to engineering to enrich their
understanding of technical theories and concepts [9]. The project-based learning model can also be combined with other learning
models such as problem-based learning which can be used to develop 21st century skills [10]. The application of project-based
learning can actually be useful in increasing students' capacity to support daily life. In project-based learning, students are trained
to work collaboratively with others and reflect on what they have learned. In addition, students can become active in the search
and decision-making process by improving practical thinking skills [11]. Project-based learning can also be designed with the aim
of achieving behavior towards environmental literacy and internalization of Islamic values [12].
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Based on several things above, project-based learning which leads to collaborative collaboration with other people and is
active in the search and decision-making process, a form of project-based learning can be applied to science practicum activities.
To facilitate the implementation of science practicum, tools are needed in the form of student worksheets which are implemented
using a project-based learning model [13]. Science practicum is part of the investigative and experimental efforts carried out by
students to prove the concepts presented by the teacher in class.

One of the concepts given to class VII SMP students is the concept of classification of living things. The science practicum
activity consists of collecting information in the form of plant names around the route from home to school. Identify the name and
shape of the plant. In the New York area, a learning module was developed in which there was a set of worksheets that asked
students to know the names of the trees they encountered [14]. In the research he conducted, the results were obtained that
students' ability to recognize the names of trees will have a positive impact on environmental knowledge, environmental attitudes
and behavior in protecting the environment. For tourist areas such as in various countries, the introduction of tree names will
increase the tourist value of the area because it has people who care and know the environment.

Apart from science practicum related to tree names, students also need to know the chemical content of natural ingredients
found in the various plants they encounter. This identification can be done through phytochemical practicum of natural ingredients
such as medicinal plants In Indonesia, especially on Lombok Island, West Nusa Tenggara Province, plants are widely consumed
and are believed to have many benefits for humans. On the island of lombok you can find many Moringa oleifera plants. This
plant can be used as a bioactive for the metabolism of living creatures [15].

The aim of this research is to provide an overview of the relationship between project-based learning and the use of science
practicum guide modules, especially for chemical identification of natural products in medicinal plants. The importance of this
research is to describe alternative ecotourism-based science learning through a project learning model by carrying out science
practicum activities, especially identifying medicinal plants.

2 Method

The method for writing this review article is a qualitative descriptive method based on observation, experience and literature
review from several literature journals. In this article, the author uses the literature study method or conducts a study of various
scientific articles published in Indonesian national journals (Sinta and Garuda index) and reputable international journals (Scopus)
related to the topic raised, namely the study of project-based learning through modules. Science practical instructions for chemical
identification of natural products in medicinal plants. This research aims to determine the extent to which project-based learning is
applied in science learning. Furthermore, studies related to the implementation of science learning using the Science Practicum
Guide Module as well as studies related to chemical identification of natural medicinal plant ingredients. This literature review is
to look for various things that have been applied in examples of these three things so that they become new ideas related to the
development of learning facilities in the current school environment so that they can produce new knowledge and contribute to
knowledge that can be useful for society. If it is linked to science learning from an ecotourism perspective, it is hoped that this
research can contribute to how these three things can be linked to science learning from an ecotourism perspective.

3. Results and Discussion

Project Based Learning

The development of human life in the 21st century has been responded to by the world of education in Indonesia which has
implemented an empathetic approach to education since 2000, namely: a. Life skills oriented education; B. Competency-based
curriculum and learning; C. Production-based learning; and D. Broad Based Education (Broad Based Education). Education is
fundamental in shaping the character of each individual. Education is expected to be able to optimize students to become humans
who have complete competence. Through a good learning process quality human will be created [16].

Project Based Learning is a learning model that involves students in the context of problem solving and provides
opportunities for students to work independently to construct their own learning and ultimately produce valuable and realistic
student work products. To achieve the goals of project-based learning with a student-centered approach, project-based learning
teachers must be motivated, open to change in conducting their teaching, and ultimately enable in planning students' learning
experiences [17]. The implementation of project-based learning cannot be separated from the role of the teacher. Teachers can also
benefit from implementing project-based learning. Universities in the Western region of the United States conducted an
assessment of 16 teachers who participated in the Curriculum and Instruction program which stated that this showed an increase in
teachers' knowledge and confidence in planning and implementing project-based learning units. Meanwhile, data from post-
training interviews revealed that teachers had benefits and challenges in designing and implementing project-based learning units
in the classroom environment [18].

According to [19] definitions of project-based learning vary greatly, but most have complementary criteria, including: a.
projects driven by real world and authentic questions; B. they engage students in rigorous and sustained inquiry; C. they offer
students the right to speak, vote, and choose in a collaborative learning environment; D. they provide ample opportunities for
reflection, revision, and assessment; e. Ends in peer production that is authentic and felt by the public. Project-based learning has
the following characteristics: a. A shift from regular classroom practice is brief (a model of classroom activity that is different
from the regular classroom); B. long-term (long-term) learning activities; C. Interdisciplinarity (interdisciplinary); D. Student
Center (student-centered); and e. Integrated with real world problems and practices (integrated with the real world and real
problems). In simple terms, it can be explained that project-based learning is an innovative learning model that is student-
centered, placing the teacher as a motivator and facilitator and students are given the opportunity to work independently to
construct their learning. Project-based learning is also an effective educational approach that focuses on creative thinking, problem

Ardiansyah, et al.. 30



Natural Science Mini Project ....

solving and interaction between students and their peers to create and use new knowledge. The project-based learning approach

can be seen as an approach to creating a learning environment that can encourage students to construct knowledge and skills

personally.

Project-based learning is one of the appropriate learning models for learning with certain products [20]. If it leads to a
constructivist education paradigm, then project-based learning can construct students' knowledge, skills and attitudes through
various project activities carried out by students. The project-based learning model is a constructive learning model that positions
students as builders of the knowledge they have based on the knowledge they already have. In this way, students become active
learners. Students will have high academic involvement while studying with the project-based learning model because it is
facilitated with projects that are interesting, challenging, related to everyday life phenomena and relevant to needs in society [21].

The development of project-based learning has been carried out by many experts by combining several models and
techniques as well as supporting facilities. This combination is development research with various models. This means that
through project-based learning, students' abilities can be improved by combining them with various things. Zulfa and friends [22]
succeeded in implementing project-based learning using simulation and its impact on character values. Some of the findings from
this research are: 1) Project-based learning with simulations can be applied to students to develop learning tools; 2) Project-based
learning with simulation meets the requirements to be applied in learning. Based on the validator's assessment, the learning model
has met content validity and was assessed by both lecturers and students in the "\Very Good" category; 3) Teaching and learning in
project-based learning using simulation effectively improves student knowledge and attitude learning outcomes. The average
value of student learning outcomes in the experimental class is higher compared to the control class.

Afriana and friends and Samsudin and friends also developed project-based learning with STEM [23] and [24]. Project-based
learning combined with STEM is an approach that leads students to explore ill-defined problems that integrate STEM into a
limited environment. A student-centered approach, hands-on activities, promoting collaboration, team communication, knowledge
construction, and having an assessment format have been stated as key components of STEM project-based learning. By engaging
students in solving real-world projects, working in groups collaboratively, applying scientific reasoning, and developing concrete
solutions, recent research in STEM project-based learning shows that learning activities can improve student achievement in
STEM fields. By using STEM methods, project-based learning can increase students' self-efficacy in solving physics and
mechanics problems. Self-efficacy is an individual's belief or belief regarding the ability to organize, carry out tasks, achieve
goals, produce things and take actions to achieve certain skills.

a. Itturns out that project-based learning can also be combined with problem-based learning and can improve students' thinking
abilities [10], namely critical thinking [25]. To improve learning outcomes, project-based learning is implemented through
learning. This combination results in a project-based instruction approach [26]. Project-based learning is not only applied to
students, but can also improve the abilities of prospective teachers. According to him [27] project-based learning can be
applied to prospective teachers. Project-based science learning is effective in pre-service teachers' learning literacy and
creativity skills in waves and optics. Science learning by implementing a project-based learning model can also strengthen
students' creative abilities as one of the 21st century skills by using virtual media [28]. Other research states that project-based
learning can be carried out more effectively if supported by technology [29].

b. It turns out that the application of project-based learning is not only beneficial for students in the field of education, but can
also be beneficial for courses. [9] stated that a project-based learning approach has been presented to improve undergraduate-
level microprocessor-based embedded course teaching systems. It is clear that engineering students during their educational
journey are able to solve real world problems by asking them to design and implement a comprehensive prototyping system
that has been determined and has realistic limits. The project-based learning method in teaching this course has helped bridge
the gap between theoretical and real-world electrical engineering education. Feedback from students confirms that this method
is effective in increasing students' understanding and ability to apply embedded system design concepts to solve real-world
engineering problems.

Based on the studies above, it can be concluded that there are several advantages and disadvantages of project-based learning.

Some of the advantages of implementing project-based learning are:

a. Can change students' mindset from narrow to broader and more comprehensive in viewing and solving problems faced in life;

b. Fostering students to apply knowledge, attitudes and skills in an integrated manner, which is expected to be useful in students’
daily lives;

c. According to modern didactic principles;

d. Increase motivation, students are diligent and try hard to achieve the project and feel that learning in the project is more fun
than other curriculum components;

e. Improve problem solving abilities, from various sources that describe a project-based learning environment that makes
students more active and successful in solving complex problems;

f. Increasing collaboration, the importance of group work in projects requires students to develop and practice communication
skills. New cognitive and constructivist theories suggest that learning is a social phenomenon, and that students will learn
more in collaborative environments; And

g. Improving resource management skills, if applied correctly, students will learn and practice in organizing projects, making
allocations of time and other resources such as equipment to complete tasks.

Apart from the benefits that students can gain or feel by participating in learning using project-based learning, there are also
several weaknesses in implementing project-based learning, namely:
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a. Class conditions are somewhat difficult to control and easily become noisy during project implementation, because there is
freedom for students which provides opportunities to be noisy and for this reason teachers' skills in good classroom control
and management are needed;

b. Even though you have allocated sufficient time, you still need more time to achieve maximum results

Based on several explanations related to project-based learning, the steps for project-based learning refer to [30] which
states that the learning steps include;
a. Setting, namely determining learning objectives, deciding on the project to be implemented and managing the time for project
implementation as well as possible;
b. Begin is to start working on a project;
c. Changes make necessary changes to improve the project being worked on and
d. Demonstration, namely showing what has been achieved through a presentation

Mini Project Natural Science Practicum Module

Science learning is a learning process that emphasizes natural phenomena and the relationship between these phenomena, so
that the science learning process does not only emphasize cognitive aspects, but also includes attitudes, processes, products and
applications that must be carried out as a whole. Science learning requires skills in connecting concepts and evidence. To prove
the concept, a proof process is carried out through science practicum activities. In order for science practicum activities to run as
expected, practical instructions are needed. Science practical instructions need to be prepared systematically in language that is
easily understood by students according to their level of knowledge and age. They can learn (independently) with minimal help or
guidance from educators [31].

Science material or concepts are not appropriate if they are only taught by giving and conveying concepts, because science
concepts are discovered through the experimental stage. In this regard, the appropriate teaching of science material is to use
practicums. In general, practical activities are based on learning plans that have been created and determined by the teacher to
improve psychomotor skills which include the ability to use tools, work attitudes, the ability to analyze problems, arrange activity
sequences, the ability to read and describe pictures. and can carry out activities quickly.

Before carrying out science practicum, at the tertiary level students are required to read and understand the instructions
provided in the practicum guide module, however the results of research conducted by Dinata and friends at FMIPA Palangkaraya
University show that many students do not prepare well before practice. The practical guidance module, which is a mandatory
item, is not brought. When the practicum begins, many students do not understand work procedures and how to use measuring
tools, so they are very dependent on assistants. They are unfamiliar with the material means to be used; This indeed hampers the
data collection process. This problem arose because it turned out that students were lazy about reading the printed modules that
had been distributed. In the end, students rely too much on assistants during experiments, so that the expected psychomotor
abilities are not achieved [32]. On the other hand, teachers are also required to serve and prepare themselves before practical
activities begin. Teachers are obliged to respond to every student complaint, answer all student questions, and even carry out
laboratory administration themselves [33].

The conditions above cause teachers to design or devise various patterns of presenting practical instructions so that students
are more easily understood and liked according to their age. The application of practicum instructions at the elementary school
level, for example, the science practicum instructions that were developed were contextually based science practicum instructions
for science subjects for fourth grade students at SD Negeri Pondok Pucung 01 South Tangerang [34]. At the junior high school
level for business and energy concepts, junior high school teachers in the city of Singkawang developed science practicum
instructions based on the POE (Predict Observe Expect) learning model. At the lecture level, even at the student level, inquiry-
based practicum processes are also developed [35] [36].

In line with the demands for student competency in scientific literacy, practical instructions based on scientific literacy have
also been developed. This practicum guide was developed by lecturers at Samudra Banda Aceh University to be implemented at
SMP Negeri 1 Langsa and in terms of feasibility, this practicum guide is very feasible [5]. At the elementary level, a science
practical guidebook was also developed with the acronym PUTIK BERISI. The science practicum guidebook based on scientific
literacy for fifth grade elementary school students is suitable for use by making improvements according to suggestions from the
validator [37].

Sometimes, with limited facilities at schools, schools are unable to provide services to improve the learning process by
utilizing virtual laboratories. The students observed via virtual broadcast how the practicum process was carried out. Virtual work
practice is one means of initiating innovative learning to overcome this. a virtual laboratory practical learning innovation that
visualizes abstract science events and becomes real so that students can easily understand them. Apart from that, virtual
laboratories are intended to overcome problems that cannot be carried out by laboratory practicum due to various limitations.
Therefore, laboratory practicals need to be carried out virtually [38].

Practicum implementation using a practicum guide module has been developed for junior high school students. Various
practical instructions have been prepared, such as those relating to the organization of life [39], practical instructions relating to
the digestive system [40], and practical instructions relating to environmental pollution [41]. The development of practical
instructions was carried out using the 4D development research model and resulted in the conclusion that the practical instructions
developed were valid, very practical and effective. The level of effectiveness of practical instructions when measured by several
other variables to be achieved.

The development of practical instructions is also carried out at the high school level. Several researchers have practical
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guidelines for developing several concepts such as: the invertebrate concept [42], the fungal concept [43] and colloidal materials
[44]. The development of practical instructions was carried out using the 4D development research model, while others used Borg
and Gall with slight modifications. It turns out that research activities in an effort to develop practical instructions are not only
carried out at the junior and senior high school levels, development is also carried out at the lecture level. Many lecturers carry out
research by developing practical instructions on the concepts of anatomy and physiology of living things [45], microbiology
practicum [46]. The development of practical guidelines related to the chemical isolation of natural products such as artelatisin
[47], isolation of cinnamaldehyde [48], and extraction of carbolic compounds was also carried out [49]. The development and
implementation of practical instructions was carried out using the Borg and Gall development research model and the
experimental research model.

Practicum in the narrow sense is a structured and scheduled learning activity as a complement to face-to-face theory carried
out in the laboratory. This activity can take the form of carrying out standard procedures. Practicums can be carried out in the
laboratory, field or in the classroom by means of cooking. Demonstration is a way of showing how to do something, this includes
the materials used in the work being taught, showing what is being done and how to do it, as well as explaining each step of the
process. Practical activities are a learning process that provides real, direct interaction to students through their five senses. This
will of course provide a science learning experience that can be felt directly. So that practical activities have an important role in
realizing motivation and interest in learning as well as developing students' science skills in the science learning process which
will ultimately lead to student learning outcomes. Practical activities by making observations that involve students' senses can
provide meaning and make sense of the experiences they experience in the form of perceptions in response to objects from their
senses. Practical activities will support and support the success of learning, of course they must be carried out well. Considering
the important role of practicum activities in the science learning process as a form of activity that is able to develop knowledge,
skills and attitudes. Therefore, so that practicum activities can achieve what is expected, a practicum guide module was developed.
Science practicum is carried out in teaching laboratories, namely laboratories designed for practicum, not research. However, if
the practicum involves sophisticated or delicate equipment that can only be operated by trained people used for research, then the
practicum can be carried out in a research laboratory.

Each development of a practical guide module in various concepts of the material being taught is expected to provide added
value for students. Student competencies related to knowledge, skills and attitudes can be improved by implementing practical
instruction modules. Several findings from the research results provide an overview of increasing student competency with future
needs and challenges. Generic ability-based learning practicum has a positive impact on the generic ability profile of good
prospective teacher practicum planning. From the generic abilities of prospective teachers' practicum planning, it turns out that it
can also improve students' generic science abilities. Aspects of general science skills are generally present in students at school,
such as direct observation. So when students make direct observations in learning they will be able to gain a better understanding
of concepts and will be able to improve student learning outcomes [50].

The existence of a science practicum module is very effective in increasing understanding of concepts [51]. Conceptual
understanding is the ability to grasp meaning, such as being able to express material presented in a form that is easier to
understand, being able to provide an interpretation and being able to apply it. Concept understanding is the level of ability that
students are expected to be able to understand the meaning of the concepts, situations and facts they know. Based on Bloom's
cognitive domain, understanding is the second level. Understanding is defined as the ability to absorb the meaning of the theory or
material studied. The understanding aspect is a reference aspect to the ability to comprehend and comprehend a concept and
interpret the meaning of a material. This aspect of understanding includes a person's ability to capture the meaning of a concept in
a single sentence. Understanding a concept is the ability to learn from an event or lesson (material) presented by the teacher so
that understanding in depth a concept or material becomes easier.

Science practical learning modules can also improve science process skills [3], [52] and [53]. Science process skills are skills
obtained from practicing basic mental, physical and social abilities as drivers of higher abilities. Process skills involve cognitive
skills. Cognitive or intellectual skills are involved because students process skills using their minds. Skills manuals are clearly
involved in the skills process as they may involve the use of tools and materials, measuring and drafting. Teaching and learning
activities with process skills, carrying out and discussing observation results. Process skills aim to improve students' ability to
realize, understand and master a series of activities related to the learning outcomes that students have achieved. The series of
activities in question are observing, classifying, interpreting, predicting, implementing, planning research and communicating.
Science process skills are: a vehicle for the discovery and development of scientific facts, concepts and principles for students;
Scientific facts, concepts and principles discovered and developed by students also play a role in supporting the development of
self-process skills and the interaction between the development of process skills and scientific principles which will ultimately
develop the attitudes and values of scientists in students.

The science practicum guide module can also help solve problems. The ability to solve problems is part of the 7 types of
skills needed to become student learning outcomes in secondary school. Problem solving skills can help students make
appropriate, careful, systematic, logical decisions and consider various points of view. On the other hand, this reduced ability
causes students to get used to carrying out various activities without knowing the purpose and reasons for doing them.

Implementing science practicum can improve critical thinking skills [54], [55], and [56] even increase local students'
wisdom. Critical thinking skills are evaluative thinking skills that show the human ability to see the gap between reality and truth
by referring to ideals, and being able to analyze and collect, and being able to create stages of problem solving, being able to apply
material. which has been learned in the form of daily behavior both at school, at home and in social life in accordance with
applicable norms. The level of success in understanding the concept as measured through quasi-experimental research from the
development and implementation carried out, concluded that there was a significant increase in understanding of the concept after
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implementing the science practicum instructions.

Even in the field, especially in Mataram City, NTB Province, information was obtained that all junior high schools have
science laboratories. In the last 3 years, out of 24 schools, there were 3 schools that never carried out practicums again. The
concepts that have been given by the teacher using the practical method include: 1. Homogeneous and heterogeneous mixtures; 2.
Looking for microorganisms in soaked straw in the diversity of living creatures; 3. Observation of dicot and monocot plants; 4.
identify acids and bases. 5. About the classification of living things, 6. Introducing the names of plants around the school. When
science practicum activities are not carried out, learning activities use group discussion methods, introducing material using video
shows, using charts and pictures, using slide shows, using virtual literature. Specifically related to plant classification, the teacher
also introduces the names of plants around the school and their taxonomy. Some of these plants include: Moringa leaves, cat's
whisker leaves, ginger, turmeric, and others. For all the plants whose names and taxonomies are introduced, teachers never carry
out a science lab to prove that the plants around us every day contain natural chemicals that are very beneficial for human health..

Chemical identification of natural substances in medicinal plants.

The use of medicinal plants began with our ancestors to treat health problems with several medicinal plants that were around
them. Learning from local folk medicine wisdom on several plants as medicine, large-scale research was carried out. These efforts
yielded many compounds with potential pharmacological activity. In terms of nutrition, this species was found to contain calories,
carbohydrates, protein, dietary fiber, riboflavin, small amounts of niacin, thiamin, and vitamin E, as well as minerals such as
sodium, potassium, calcium, magnesium, iron, and zinc [57].

Medicinal plants are one of the parts introduced in the concept of classification of living things, especially plants. Society in
general is based on knowledge passed down from generation to generation using plants that grow abundantly around where they
live which have benefits. Some plants such as Moringa leaves are efficacious for diabetes sufferers, the sap of Cocor Bebek leaves
is efficacious for cancer sufferers. Medicinal plants that exist around people's lives exist as plants that are known and believed by
certain communities to have medicinal properties and have been used as raw materials for traditional medicine. There are several
types of modern medicinal plants, namely plants that have been scientifically proven to contain compounds or active ingredients
that have medicinal properties and whose use can be medically justified, as well as plants that are suspected to contain or have
active compounds that have medicinal properties. However, it has not been scientifically and medically proven to be used as a
medicinal ingredient. Traditionally, people also process medicinal plants by peeling, pounding, pressing, filtering, boiling,
squeezing, drying, chewing, without processing, and so on.

Plants with medicinal properties serve as a basic treatment for many diseases of various forms and types throughout the
world. These medicinal plants show a wide range of activities against many major diseases and their active substances. In recent
years, phytoscience has made significant contributions to modern medicine. As a result, medicinal plants have become a primary
source of treatment for various health problems. Another reason is that treatments to influence the environment are readily
available and accessible and very cheap. In several countries, people still rely on herbal medicines to overcome all their health
problems [58].

Lombok Island in West Nusa Tenggara Province has very unique plants which are consumed by the people and are spread
throughout the island. The most common and simple dish from the people of Lombok Island is Moringa leaf vegetables. Apart
from that, in several places there are several restaurants that serve Moringa leaf vegetables. Several studies have explained that it
is currently being used as a bioactive candidate for secondary metabolites of Moringa leaves [59]. Secondary metabolites are
produced through reaction stages in plant tissues called biosynthesis. Alkaloids, terpenoids, steroids, and flaphonoids are some
examples of compounds produced from this biosynthesis. Studying the chemical content of a plant (leaves, stems, bark, roots, etc.)
or filtering the chemical content of various plant species in one family in certain parts will provide information about their level of
evolution. Based on the results of the secondary metabolites of Moringa leaves, it was found that all compounds such as alkaloids,
terpenoids, steroids and flaphoids were identified in Moringa leaves.
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Each of these compounds was tested using a phytochemical test and to find out what types of chemicals or compounds it
contained, a test was carried out using gas chromatography-mass spectrometry (GC-MS). Gas chromatography-mass spectrometry
(GC-MS) is an analytical method that combines the features of gas chromatography and mass spectrometry to identify different
substances in a test sample. This test is then explained to produce the percentage composition of the substances found. To analyze
with GC-MS you need to know and to know you need a lot of practice and the habit of reading laboratory results. Based on Figure
1, it can be seen that several compounds extracted from Moringa leaves include: beta-Pinene (B-pinene) is a monoterpene.
Benzenecarboxylic acid is a group of chemical compounds which are dicarboxylate derivatives of benzene. 7,9-Ditert-butyl-1-
oxaspiro[4,5]deca-6,9-diene-2,8-dione is a flavonoid compound of hexadecanoic acid. Palmitic acid, (or hexadecanoic acid in
IUPAC nomenclature), is a fatty acid with a 16-carbon chain. This compound is a saponin group.

Based on a series of discussions related to project-based learning, the use of science practicum instructions and the
identification of natural chemicals in medicinal plants, it can be concluded that project-based learning is very useful in forming
students' competencies. To meet future needs, activities such as science practicum are required. The form of practicum that leads
to the environmental conservation movement is practicum in the science of medicinal plants. One way to find out what content is
contained in a plant, whether in its leaves, flowers, stems, fruit, seeds or roots, is by phytochemical and GC-MS testing..

4. Conclusion

Based on a series of discussions related to project-based learning, the use of science practicum instructions and the
identification of natural chemicals in medicinal plants, it can be concluded that project-based learning is very useful in forming
students' competencies. To meet future needs, activities such as science practicum are required. The form of practicum that leads
to the environmental conservation movement is practicum in the science of medicinal plants. One way to find out what content is
contained in a plant, whether in its leaves, flowers, stems, fruit, seeds or roots, is by phytochemical and GC-MS testing.

References

[1] Kristiawati.R and Purwanto.A, "Scientific Literacy Learning Through Environmental Use," Sholaria: Journal of Education
and Culture, Vol. 9, no. 2, vol. Volume 9, no. 2, pp. 183-191, 2019.

[2] Astuti, Andayani, Al-Idrus and Purwoko, "The Implementation Of Practical Method Based On Daily Life On Science
Skill Process Of XI MIA At MAN 1 Mataram," Chemistry Education Practice, vol. volume 2, no. 1, pp. 19-25, 2018.

[3] Agustina.l.D, Putra.l'Y. and Bakhti.Y.B, "Developing Practicum Module of Particle Dynamics Based on Scientific
Methods to Improve Students' Science Process Skills," Indonesian Journal of Science Education, vol. Volume 7 number
2,2018.

[4] Susantini.E, Thamrin.H.M, Isnawati and Lisdiana.L, "Development of Genetics Practical Instructions to Train Critical
Thinking Skills," Indonesian Journal of Science Education, vol. volume 1, no. 2, pp. 102-108, 2012.

[5] Nursamsu, D. Mustika, R. Nafaida and N. Manurung, "Analysis of the Feasibility and Practicality of Science Literacy-
Based Practicum Modules for Science Learning," JIPI (Journal of Science and Science Learning), vol. Volume 4, no. 1,
pp- 29-40, 2020.

[6] D. A. Widyaningrum and T. Wijayanti, "Implementation of a guided inquiry-based biochemistry practicum manual to
improve scientific work skills," Edubiotics: Journal of Education, Biology and Applications, vol. volume 4, no. 2, pp. 58-
67, 2019.

[7] Widayanti, Yuberti, Irwandani and A. Hamid, "Development of Melde Experiment Practical Worksheets Based on
Project Based Learning," Indonesian Journal of Science Education, vol. volume 6, no. 1, pp. 24-31, 2018.

[8] Asrizal, Yurnetti and Usman.E.A., "ICT Thematic Science Teaching Material With 5E Learning Cycle Model To Develop
Students' 21ST-Century Skills," Indonesian Journal of Science Education, vol. 11, no. 1, pp. 61-72, 2022.

[9] Sababha.B.H, Alqudah.Y.A., Abualbasal.A. and Qaralleh.A.E, "Project-Based Learning to Enhance Teaching Embedded
Systems," Eurasia Journal of Mathematics, Science & Technology Education, vol. 12, no. 9, pp. 2575-2585, 2016.

[10] Anazifa R.D and Djukri, "Project-Based Learning And Problem-Based Learning: Are They Effective To Improve
Student's Thinking Skills," Indonesian Journal of Science Education, vol. 6, no. 2, pp. 346-355, 2017.

[11] Kizkapan.O and Bektas.O, "The Effect of Project Based Learning on Seventh Grade Students' Academic Achievementl,"
International Journal of Instruction, vol. 10, no. 1, pp. 37-54, 2017.

[12] Farida.l, Hadiansyah, Mahmud and Munandar.A, "Project-Based Learning Design For Internalization of Environmental
Literacy With Islamic Value," Indonesian Science Education Journal, vol. 6, no. 2, pp. 277-284, 2017.

[13] Suwarno.S, Wahidin and Nur.S.H, "Project-based learning model assisted by worksheet: It's effect on students'
creativity and learning outcomes," JPBI (Indonesian Journal of Biology Education), vol. 6, no. 1, pp. 113-122, 2020.

[14] Wyner.Y and H. Doherty.], "Caring to know a name: An examination of New York City student attitudes towards
knowing a tree's name," Plant People Planet, vol. 4, pp. 283-302, 2022.

[15] Zeru.A.E., Hassen.A., Apostolides.Z. and Tjelele, "Screening of Candidate Bioactive Secondary Plant Metabolite Ion-
Features from Moringa oleifera Accessions Associated with High and Low Enteric Methane Inhibition from
Ruminants," Metabolites, vol. 12, no. 501, pp. 1-21, 2022.

[16] Simbolon.R and Koeswanti.H.D, "Comparison Of Pbl (Project Based Learning) Models With Pbl (Problem Based

Ardiansyah, et al.. 35



Natural Science Mini Project ....

Learning) Models To Determine Student Learning Outcomes And Motivation," International Journal of Elementary
Education, vol. 4, no. 4, pp. 519-529, 2020.

[17] Tamim.S.R and Grant.M.M, "Definitions and Uses: Case Study of Teachers Implementing Definitions and Uses: Case
Study of Teachers Implementing Project-based Learning," Interdisciplinary Journal of Problem-Based Learning, vol. 7,
no. 2, pp. 72-101, 2013.

[18] Martinez.C, "Developing 21st century teaching skills: A case study of teaching and learning through project-based
curriculum," Cogent education, vol. 9, pp. 1-16, 2022.

[19] Farrow.], Kavanagh.S.S and Samudra.P, "Exploring Relationships between Professional Development and Teachers'
Enactments of Project-Based Learning," education sciences, vol. 12, no. 282, pp. 1-17, 2022.

[20] Ummah.SK, In'am.A. and Azmi.R.D, "Creating Manipulatives: Improving Students' Creativity Through Project-Based
Learning," Journal on Mathematics Education, vol. 10, no. 1, pp. 93-102, 2019.

[21] I. W. Santyasa, N. K. Rapi and I. W. W. Sara, "Project Based Learning and Academic Procrastination of Students in
Learning Physics," International Journal of Instruction, vol. 13, no. 1, pp. 498-508, 2020.

[22] Zulfa, A. Nusi, A. Ananda, A. Efi and P. S. Pernantah, "Using Simulation on Project Based Learning in Minangkabau
Culture Subject," International Journal of Instruction, vol. 15, no. 1, pp. 311-326, 2022.

[23] Afriana.], Permanasari.A and Fitriani.A, "Project Based Learning Integrated To STEM To Enhance Elementary School's
Students Scientific Literacy," Indonesian Science Education Journal, vol. 5, no. 2, pp. 261-267, 2016.

[24] Samsudin.M.A, Jamali.S.M, Zain.A.N.Med and Ebrahim.N.A, "The Effect of STEM Project Based Learning on Self-
Efficacy among High-School Physics Students," HAL Open Science, vol. 17, no. 1, pp. 94-108, 2020.

[25] Oyewo0.0.A, Ramaila.S and Mavuru.l, "Harnessing Project-Based Learning to Enhance STEM Students' Critical
Thinking Skills Using Water Treatment Activity," Education Sciences, vol. 12, no. 780, 2022.

[26] M. Cole, H. Yang and J. A. Wilhelm, "A Project-Based Instruction Approach to Improving Students," education sciences,
vol. 18, no. 824, pp. 1-9, 2022.

[27] Suryandari.K.C, Sajidan, Rahardjo.S.B., Prasetyo.Z.K. and Fatimah.S, "Project-Based Science Learning And Pre-Service
Teachers' Science Literacy Skill And Creative Thinking," Cakrawala Pendidikan, vol. XXXVII, no. 3, pp. 345-355, 2018.

[28] Gunawan, Sahidu.H, Harjono.A. and SurantiN.M.Y, "The Effect Of Project Based Learning With Virtual Media
Assistance On Students' Creativity In Physics," Cakrawala Pendidikan, vol. XXXVI, no. 2, pp. 167-179, 2017.

[29] Demir.C.G and Onal.N, "The effect of technology-assisted and project-based learning on students' attitudes towards
mathematics and their academic achievements," Education and Information Technologies, vol. 26, p. 3375-3397, 2021.

[30] B. E. Johnson, Contextual Teaching and Learning Translated Edition by A. Chaedar Alwasilah, Bandung: Mizan
Learning Center, 2009.

[31] Wahyuni.S, "Development of Science Practicum Instructions to Improve Junior High School Students' Critical Thinking
Abilities," Journal of Mathematics and Natural Sciences Teaching, vol. 20, no. 2, pp. 196-203, 2015.

[32] P. A. C. Dinata, Rasidah and V. W. Wardhana, "The Validity of Electronic Practicum Module Based on Scientific
Argumentation for Practicum Media During COVID-19 Pandemic," Journal of Physics: Conference Series, pp. 1-9, 2020.

[33] R. Klassen and Durksen.T.L., "Weekly self-efficacy and work stress during the teaching practice: A mixed methods
study," Learning and Instruction, vol. 33, pp. 158-169, 2014.

[34] Aprilia.D.A, Zuliani.R., Rini.C.P. and EUnaenah, "Development of Contextual Based Worksheets in Science Subjects for
Grade IV Students of SDN Pondok Pucung 01 South Tangerang City," Indonesian Journal of Elementary Education,
vol. 2, no. 1, pp. 52-61, 2020.

[35] Widyaningrum.D.A. and Wijayanti.T., "Implementation of a guided inquiry-based biochemistry practicum manual to
improve scientific work skills," Edubiotics: Journal of Education, Biology and Applications, vol. 4, no. 02, pp. 58-67,
2019.

[36] Arifah.l., Maftukhin.A and Fatmaryanti.S.D, "Development of a Guided Inquiry-Based Practical Manual to Optimize
Hands On for Second Semester Students of the Physics Education Study Program, Muhammadiyah University,
Purworejo, Academic Year 2013/2014," Radiasi, vol. 5, no. 1, pp. 24-28, 2014.

[37] Seftia.R.W.I, Winata.A. and Cacik.S, "Feasibility of Putik Isi (Science Practicum Instructions Based on Scientific Literacy)
for Class V Elementary School Students," Education and Human Development Journal, vol. 3, no. 2, pp. 111-120, 2018.

[38] Sriadh.S, Hamid.A and Restu.R, "Web-Based Virtual Laboratory Development for Basic Practicums in Science and
Technology," TEM Journal, vol. 11, no. 1, pp. 396-402, 2022.

[39] Monica.M, Yolida. and R. Marpaung, "Analysis of Practicum Implementation and Problems in Life Organization
Material for Middle Schools in Central Tanjungkarang District," Bioterdidik Journal Wahana Scientific Expression, vol.
5, no. 6, 2017.

[40] Fajriani.S.A., Hasnunidah.N and Yolida.B., "Development of a Practical Guidebook for the Digestive System in Humans
using the Argument-Driven Inquiry (ADI) Model," Bioeducated Journal of Scientific Expression Vehicles, vol. 6, no. 4,
2018.

[41] Dewi.R, Suastra.lW. and Pujani.N.M, "Development of a Contextual Middle School Science Practicum Module on
Environmental Pollution Material to Improve Science Process Skills and Environmentally Caring Character,"
Indonesian Values and Character Education Journal, vol. 1, no. 2, pp. 57-67, 2018.

[42] Hayat.M.S., AnggrainiS. and RedjekiS., "PRACTICUM-BASED LEARNING ON INVERTEBRATE CONCEPTS FOR
DEVELOPING STUDENTS' SCIENTIFIC ATTITUDE," Bioma, vol. 1, no. 2, pp. 141-152, 2011.

[43] Anggraini.A, "Development of Biology Practical Instructions on Fungal Material Using Empowerment Thinking

Ardiansyah, et al.. 36



Natural Science Mini Project ....

Patterns Through Questions (Case Study in Class 73-80, 2016.

[44] Manalu.E, Silaban.S, Silaban.R and Hutabarat.W, "The Development of Chemical Practice Guidebook Colloid System-
Based Integrated Contextual Character Values," Journal of Chemical Education, vol. 8, no. 2, pp. 87-89, 2016.

[45] Rahayu.R and Ismawati.R, "Feasibility Analysis of Practical Instruction Module for Anatomy and Physiology of Living
Creatures," Indonesian Journal of Natural Science Education (IJNSE), vol. 3, no. 2, pp. 331-335, 2020.

[46] Pujiati, "ISOLATION OF ACTINOMYCETES FROM GARDEN SOIL AS A MANUFACTURE FOR MICROBIOLOGY
PRACTICUM,," Florea Journal, vol. 1, no. 2, pp. 42-46, 2014.

[47] Hakim.A, Jufri. AW and Jamaluddin, "Isolation of artelasticine for student practice in low-resource laboratory settings,"
IOP Conf. Series: Earth and Environmental Science, vol. 712, 2021.

[48] IslamiatiE.F, Anwar.Y.A.S and Hakim.A, "Development of Natural Materials Chemistry Practical Instructions
Concerning the Isolation of Cinnamaldehyde from Cinnamon," Chemistry Education Practice, vol. 3, no. 2, pp. 104-111,
2020.

[49] Firjatillah.M., Junaidi.E and Hakim.A, "Development of Natural Material Chemistry Practical Instructions: Extraction of
Carbon Compounds from Cashew Seed Shell," Chemistry Education Practice, vol. 3, no. 2, pp. 116-122, 2020.

[50] Lathiifa.N.N, Yolida.B. and Marpaung.R.R.T, "Relationship between Implementation of Practicum and Generic Science
Skills with Students Learning Outcomes of Grade VII," Bioterdidik Journal, vol. 7, no. 5, pp. 86-97, 2019.

[51] Margunayasa.l.G. and Riastini.P.N, "The Effect of Science Practicum Instructions Containing Contextual Changes on
Increasing Understanding of Science Concepts in PGSD Students," Indonesian Education Journal, vol. 3, no. 1, pp. 348-
358, 2014.

[52] Marjanah, Pandia.E.S. and Nursamsu, "Development of Practicum Instruction Module Based on Project Based Learning
(PjBL) Integrated with Science Process Skills and Scientific Literacy," Journal of Science Education Research, vol. 7, pp.
104-111, 2021.

[53] Duda.H.J, Susilo.H and Newcombe.P, "Enhancing Different Ethnicity Science Process Skills: Problem-Based Learning
through Practicum and Authentic Assessment," International Journal of Instruction, vol. 12, no. 1, pp. 1207-1222, 2019.

[54] DewiN.R. and Setyaningsih.N.E, "The Effect of Inquiry-Based Practicum Instructions on Students' Critical Thinking
Ability and Conservation Character," Indonesian Journal of Conservation, vol. 5, no. 1, pp. 51-55, 2016.

[55] S. Rahmadani, Jamaluddin and Zulkifli.I, "Development of Biology Practicum Instructions and Practical Performance
Assessment Instruments Based on the Cooperative Learning Model and Their Effectiveness on the Critical Thinking
Ability of Class XI SMA/MA Students," JOURNAL OF SCIENCE EDUCATION RESEARCH, vol. 1, no. 2, pp. 1-13,
2015.

[56] E. Susantini, Thamrin.N.E., Isnawati and L.Lisdiana, "Development of Genetics Practical Instructions to Train Critical
Thinking Skills," Indonesian Journal of Science Education, vol. 1, no. 2, pp. 102-108, 2012.

[57] Hakim.A, Jamaluddin, S. Idrus, Jufri and A. N., "Ethnopharmacology, phytochemistry, and biological activity review of
Aleurites moluccana," Journal of Applied Pharmaceutical Science, vol. 12, no. 04, pp. 170-178, 2022.

[58] Pillai.].R., Wali.A.F, M. G.A, M. Rehman, Wani.T.A, Arafah.A, S. Zargar and Mir.T.M, "Chemical Composition Analysis,
Cytotoxic, Antimicrobial and Antioxidant Activities of Physalis angulata L.: A Comparative Study of Leaves and Fruit,"
Molecules, vol. 27, no. 1480, pp. 1-20, 2022.

[59] Zeru.A.E, H. A., Apostolides.Z. and Tjelele.]., "Screening of Candidate Bioactive Secondary Plant Metabolite Ion-
Features from Moringa oleifera Accessions Associated with High and Low Enteric Methane Inhibition from
Ruminants," Metabolites, vol. 12, no. 501, pp. 1-21, 2022.

[60] E.Wahyudiana, J.Sagita, V.lasha, A.Setiantini and A.Setiarini, "Problem Based Learning-based Science Practicum
Module to Improve Problem Solving Ability," Buana Pendidikan, vol. 17, no. 2, pp. 161-167, 2021.

Ardiansyah, et al.. 37



