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Introduction

The International Monetary Fund (IMF) in 2023
the second-highest

reported that

Indonesia has

Abstract: Systems thinking is one of the most important abilities in the 21st century.
Systems thinking helps students organize their thoughts in a meaningful way and
make connections between seemingly unrelated problems to reveal their
interrelatedness. Through systems thinking, learners are directed to first recognize a
problem, understand the links between the factors causing the problem, and finally
find the right solution and prevent new problems from arising. Systems thinking skills
can be facilitated through learning with an integrated biopreneurship Project-Based
Learning (PjBL) model. This study aims to identify how the positive trends of research
on biopreneurship and systems thinking variables. This research method is descriptive
and analytical. The data used in this study were obtained from documents indexed by
Google Scholar from 2016 to 2025 using Publish or Perish and Dimension.ai. The data
identified and analyzed were the type of publication, the source of publication, and the
title of the research on the project-based learning (PjBL) model integrated with
biopreneurship to improve students' systems thinking skills. The data analysis method
uses fext analysis assisted by VOS viewer software. The results of the study show that
the research trend of the biopreneurship PjBL model to improve system thinking skills
is very low from 2016-2025. In the period 2016 to 2019, no publications were recorded.
Entering 2020 and 2021, the number of publications began to appear, with one
publication per year each. However, in 2022, there was a drastic decline to zero,
indicating that there were no publications that met the criteria. A positive trend was
again seen in 2023 with one publication, and the peak occurred in 2024, where two
publications were recorded, being the highest number in the observed period.

Keywords: Biopreneurship; Knowledge-based entrepreneurship; Module; Project-
based learning; Systems thinking

This is reinforced by the assumption that the majority of
developed countries are characterized by high economic
growth  (Supandi, 2022). The cultivation of
entrepreneurial spirit can be done by using the concept

unemployment rate among Southeast Asian countries,
with a projected unemployment rate of 5.3 percent
(Datalndonesia.id, 2023). The cause of the problem of the
large number of unemployed created by the educated
group is the education system that only produces
technical skills. One solution to overcome this condition
is to instill an entrepreneurial spirit. Entrepreneurship is
one of the central lessons in an effort to build a country.

How to Cite:

of knowledge-based entrepreneurship that connects
knowledge with entrepreneurship (Hamdani, et al.
2018). In presenting learning materials, the benefits and
business opportunities of the material taught can be
conveyed. In addition, it is supported by a book that
bridges the material with entrepreneurship, so that
students have a handbook to bring up motivation or
desire for entrepreneurship. One example is the
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biopreneurship project-based module (Anjani, et al.
2024). The biopreneurship project-based learning model
is able to develop the entrepreneurial characteristics of
students by improving communication skills, critical,
creative, and collaborative thinking, and entrepreneurial
interest (Hagq, 2022).

The benefits of systemic thinking in learning
include systemic thinking in learning so that the
direction and objectives of learning can be planned,
leading teachers to systematic activities, with systemic
thinking in learning, we will be directed to see a problem
as part of a system at large and not as a separate specific
part (Fakhrurrazi, 2021).

The biopreneurship project-based module is a
learning module that emphasizes project-based learning
by integrating biological concepts with entrepreneurial
concepts (Rosyidi, et al. 2023). Biopreneurship project-
based learning allows students to directly experience the
information presented through hands-on practice. The
development of science modules that emphasize
integrative projects between  biology and
entrepreneurship concepts aims to improve student
learning outcomes optimally through efficient and
interactive  learning  (Rosyidi, et al. 2022).
Biopreneurship connects the knowledge or learning of
science (biology) with entrepreneurship, which later
ideas for entrepreneurship more and not only in the
same field of business, so as to reduce aspects of
weakness and threats in entrepreneurship.

Systems thinking is a discipline to sees the
'structure' underlying complex situations. The goal is to
be able to recognize where the root of the problem is and
find the right solution. Systems thinking basically
recognizes what factors are connected to a phenomenon
and understands how they are related (Avianto, et al.
2017). Systems thinking is useful for recognizing
problems that have the potential to cause other new
problems, so as to avoid making decisions that have a
negative impact in the future (Sarasi, et al. 2021).
Through systems thinking, learners are directed to first
recognize a problem, understand the link between the
factors that cause the problem, and finally find the right
solution and prevent new problems from arising.

Systems  thinking can contribute to the
development of students' understanding of dynamic
living systems (Schuler et al. 2017). The ability to think
systems can help build entrepreneurial character,
because students are accustomed to thinking systems, so
that they can see what aspects of SWOT appear and dare
to try to find the root and solution of the problem.
Therefore, this study wants to find out the research trend
of the Project-Based Learning (PjBL) Biopreneurship
model to improve system thinking skills. It is hoped that
this research can be a reference in developing further
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research related to biopreneurship in science learning,
especially in student biology.

Method

This study employed a descriptive-analytical
literature review design aimed at systematically
mapping and analyzing research trends related to the
integration of the Project-Based Learning (PjBL) model
with biopreneurship in fostering students’ systems
thinking skills. The review focused on identifying the
development, scope, and thematic orientation of
published studies over time, as well as understanding
how PjBL-biopreneurship has been conceptualized and
implemented in educational research. The time frame of
the analysis was limited to publications released
between 2016 and 2025 to capture recent and relevant
developments in this research area.

Bibliographic data were collected from publications
indexed in Google Scholar, using Publish or Perish (PoP)
software as the main data retrieval tool, with
Dimensions.ai utilized to complement citation and
publication metadata. The search process employed
combinations of relevant keywords and Boolean
operators, including “project-based learning” OR PjBL,
biopreneurship OR  bio-entrepreneurship, and “systems
thinking” OR “system thinking”. The initial search results
were then screened by reviewing titles, abstracts, and
keywords to ensure relevance to the integration of PjBL
and biopreneurship within educational contexts.
Duplicate records and publications that did not align
with the study objectives were excluded.

Following the screening process, a total of 200
eligible documents were selected for analysis. These
documents were analyzed using descriptive techniques
to examine trends in annual publication output,
document types, source journals, authorship patterns,
keyword frequency, and citation metrics. In addition, an
analytical synthesis was conducted to identify dominant
research themes, methodological tendencies, and
emerging directions related to the role of PjBL-
biopreneurship in supporting the development of
students” systems thinking skills. The results of this
analysis provide a comprehensive overview of the
evolution and research landscape of PjBL-
biopreneurship studies over the last decade.

Result and Discussion

This study aims to describe research trends on the
Project-Based Learning (PjBL) Biopreneurship model to
improve system thinking skills conducted from 2019 to
2025. Research documents regarding research trends on
the Problem-Based Learning model to improve science
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generic skills in science learning were taken from
documents from 2019 to 2025. The following is presented
in Figure 1 regarding research trends on Project-Based

December 2025, Volume 1, Issue 4, 151-159

Learning (PjBL) Biopreneurship to improve system
thinking skills.

Publications in each year. (Criteria: see below)
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Figure 1. Research trends on the biopreneurship PjBL model to improve systems thinking skills.

Figure 1 shows a line graph displaying the number
of publications each year based on the criteria
‘biopreneurship, project-based learning, system thinking'
taken from Dimensions.ai data. The time shown starts
from 2016 to 2025. In the period 2016 to 2019, no
publications were recorded. Entering 2020 and 2021, the
number of publications began to appear, with one
publication per year each. However, in 2022, there was a
drastic decline to zero, indicating that there were no
publications that met the criteria.

A positive trend was again seen in 2023 with one
publication, and the peak occurred in 2024, where two
publications were recorded, being the highest number in
the observed period. For 2025, until the time the data
was exported on April 28, 2025, no publications were
recorded, which is indicated by the dotted line as an
indication of predictions or incomplete data. Through
these results, it can be said that the titles of
biopreneurship with regard to the PjBL model and
system thinking are relatively few.

Citations in each year. (Criteria: see below)
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Figure 2 shows a line graph showing the number of
citations per year based on the criteria 'biopreneurship,
project-based learning, system thinking' from data
retrieved through Dimensions.ai. The graph covers the
time from 2016 to 2025. From 2016 to 2020, no citations
were recorded for publications that met these criteria. In
2021, there was an increase with one citation recorded,
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but this number decreased to zero again in 2022 and
2023. A positive trend reappeared in 2024 with two
citations recorded, being the highest number in this
observation period. For 2025, until the data was
exported on April 28, 2025, no citations were recorded,
which is marked with a dotted line in the graph as an
indication of incomplete data.

Publications with citations in each year. (Criteria: see below)
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Figure 3. Publications with citations of research trends on the PjBL biopreneurship model.

Figure 3 shows a line graph of the percentage of
publications that received at least one citation each year,
based on the criteria 'biopreneurship, project-based
learning, system thinking' from Dimensions.ai data. The
graph covers the period from 2016 to 2025. From 2016 to
2019, no publications received citations, with the
percentage remaining at zero. In 2020, there was a
dramatic spike, with 100% of publications in that year
receiving at least one citation. However, this percentage
dropped back to zero in 2021 and 2022, indicating that
no publications were cited in both years. In 2023, a
positive trend re-emerged with 100% of publications
receiving citations. In 2024, the percentage dropped back
to near zero, and until April 2025, the data shows that
cited publications remained at a very low level.

Table 1 displays the trend of publication sources
that use the biopreneurship-based Project-Based
Learning (PjBL) model to improve systems thinking
skills in the 20162025 period. Three journals are listed in
this table, each with the number of publications,
citations, and average citations obtained. The Science
Education Research Journal showed the highest

contribution, with a total of two publications and two
citations, resulting in an average of one citation per
publication. Berkala Ilmiah Pendidikan Biologi (BioEdu)
also recorded two publications, but only received one
citation, resulting in an average of 0.5 citations per
publication. Meanwhile, Pijar MIPA Journal recorded
one publication but has not yet received a citation, so
there is no citation average for this journal. The data in
the table provides an overview of the productivity and
impact of citations from various journal sources that
discuss the application of PjBL biopreneurship in
developing systems thinking skills.

Table 1. Trends in Title Source of PjBL Biopreneurship
Model to Improve Systems Thinking Skills 2016-2025

Journal Name Publication Citations Average

Citation
Jurnal Penelitian 2 2 1.00
Pendidikan IPA
Berkala Ilmiah Pendidikan 2 1 0.50
Biologi (BioEdu)
Jurnal Pijar MIPA 1 0 -
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Figure 4. Network visualization on the biopreneurship PjBL model to improve systems thinking skills.

Figure 4 shows the network mapping of keywords
related to the application of the biopreneurship model
in project-based learning. This visualization shows the
interrelationship between various terms that often
appear together in academic publications on this topic.
The term biopreneurship is the main center of the map,
with many connections leading to other words such as
project, innovation, creative, biology learning program, and
approach.
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Figure 5. The focus of the network visualization is on the
biopreneurship PjBL model.

On the other hand, the term project also serves as a
large node that is strongly connected to the keywords
‘development, teaching, biopreneurship project, biotechnology
concepts, and critical thinking skills’. The green group in
the map groups words related to entrepreneurship-

based innovations, such as entrepreneurship-based
teaching materials, while the red group shows a focus on
biotechnology = e-modules, indicating that the
biotechnology aspect is one of the main approaches in
implementing biopreneurship. Overall, this map makes
it clear that project-based learning in the context of
biopreneurship is strongly influenced by innovation, the
development of biology learning programs, and the
application of biotechnology concepts.

Figure 5 shows a zoom-in of the previous
VOSviewer map, focusing more closely on the main
keyword ‘"biopreneurship" and its network of
relationships. This map illustrates the close relationship
of the keyword biopreneurship with a number of
important terms in the development of systems thinking
skills based on project learning. Biopreneurship acts as
the main node that is strongly connected with
innovation, creativity, approach, biology learning
program, project, and development. This relationship
shows that the concept of biopreneurship in project-
based education relies on innovative, creative, and
biology learning program-based approaches. In
addition, the link to critical thinking skills through the
biopreneurship project pathway indicates that this
model supports the strengthening of higher-order
thinking skills and systems thinking. The terms
entrepreneurship, student, and feasibility are also
related, although more towards the study of feasibility
and student orientation towards entrepreneurship. The
color grouping in this network confirms the clustering of
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concepts, where green indicates innovation and
creativity in biopreneurship, blue shows the connection
with the project-based approach, red and orange show
the connection with the student aspect and the feasibility
of the biopreneurship project. Thus, biopreneurship is
not just a learning concept, but is the center of
innovation, creative approaches, and the development
of high-level thinking skills, namely critical and systems

ajar berbasis 'epreneu rship
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thinking in project-based learning. The project-based
learning model has a significant effect in improving
students' scientific attitudes and creative thinking skills
of students, besides the application of project-based
learning provides a positive response from students,
such as increasing motivation in learning and increasing
students' creativity (Wiguna, 2016).
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Figure 6. Visualization of the overlay of the biopreneurship PjBL model to improve system thinking skills.

Figure 6 shows the visualization of the network of
relationships between keywords analyzed using
VOSviewer. The main focus of this map is the theme of
"biopreneurship”, which appears to be the center of
connections with many other terms. Concepts such as
"project", "development", "teaching", "critical thinking
skill", and "biology learning program" are closely related
to biopreneurship, indicating the trend of research and
development in biopreneurship education. There are
also other strong nodes such as "entrepreneurship-based
teaching materials", '"study", ‘"innovation", and
"student", which show a close relationship between
entrepreneurship-based teaching approaches and
innovation in the learning process. The colors of the lines
and nodes indicate the time dimension from 2022 to
2024, with the trend of yellower keywords indicating
more recent research. This map reflects the dynamic
direction of research, showing a shift in focus from
feasibility studies and learning media, towards the
integration of higher-order thinking skills in
biopreneurship-based projects, one of which is critical
thinking, which is one aspect of systems thinking. The
average research still uses the variable sentence critical

thinking, so that in 2025 research is planned with a
broader variable, namely system thinking.

Problem solving and critical thinking are important

21st-century skills to train (Afandi, 2019; Doleck et al,,
2017). Both require systems thinking to make it easier for
students to connect the cause and effect of a
phenomenon, learn how components interact as a series
of interactions, and improve their understanding of
various subjects, including science (Hmelo-Silver, 2007;
Ke L etal., 2021).
The biopreneurship project provides meaningful and
practical learning experiences for students, allowing
them to identify and recognize opportunities, design,
create new business prospects, and produce products,
goods, and services through project-based learning.
Biology learning wusing biopreneurship-oriented
learning tools is a learning tool developed by linking
directly to real objects or phenomena around human life
as students, so that the use of this learning tool allows
students to learn the process of processing a material
into a useful product, has economic value, and fosters
entrepreneurial interest (Hayati, et al. 2023
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Figure 7. Density visualization of the biopreneurship PjBL model to improve systems thinking skills.

Figure 7 shows the density map (density
visualization) generated using VOSviewer, illustrating
the concentration of research related to the theme of
"biopreneurship" and related concepts. The bright
yellow color indicates areas with the highest intensity or
frequency of keyword usage, while blue areas indicate
lower intensity (Bahtiar, at al. 2023). In this map, it can
be seen that "biopreneurship", "project", "development",
"teaching", and 'critical thinking skills" are the main
clusters with the highest density. This shows that these
themes are the center of attention in the literature or
recent research. On the other hand, keywords such as
"entrepreneurship-based teaching materials", "study",
and '"student" also showed high activity levels,
indicating the importance of entrepreneurship learning
approaches. study-based Overall, research on the
biopreneurship PjBL model to improve systems thinking
skills is important because it provides a new
contribution to education, and the PjBL model is a
learning model that can facilitate complex systems
thinking skills. Systems thinking is one of the most
important skills in the 21st century. Systems thinking
helps students organize their thoughts in a meaningful
way and make connections between seemingly
unrelated problems. Good system thinking skills will
help students in making decisions so as to avoid a
mistake, because system thinking is able to help make
comprehensive decisions by looking at the impact of
decisions or problems in other fields (Clark, et al. 2017).
Systems thinking skills are needed for students in
learning Biology (Assaraf, et al. 2013). This is because, in
learning biology, students are always encouraged to

project

development

dpreneurship project teaching

critical thinking skill

understand concepts in biological material that is very
complex. Systems thinking skills are needed because
when students have this ability, the process of linking
one material with another will be easier.

Biopreneurship can be defined as the activity of
utilizing living things or the science of living things so
that an output is produced in the form of the creation of
products or services that can be used in entrepreneurial
activities to make a profit (Safitri, et al. 2024). The
implementation of biopreneurship in learning is the best
innovation to mediate education from academia to
industry. In line with this statement, the implementation
of the biopreneurship approach in biology learning is
expected to be able to accommodate students to be able
to train entrepreneurial skills by recognizing and
creating a business opportunity from a product resulting
from the use of living things (Astawa, 2015). The
research trend of biopreneurship PjBL model to improve
system thinking skills is very low from 2016 to 2024, this
trend is expected to grow in the next few years. This can
be done by developing new combinations between
biopreneurship integrated PjBL models or other
approaches that can facilitate students' systems thinking
skills, especially in science and biology subjects.

Conclusion

Research on the trend of biopreneurship PjBL
models to improve systems thinking skills has the
potential to provide various benefits in 21st-century
education. Although the positive trend of this research
shows unstable data or graphs that go up and down and
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the number of studies is still relatively small, but
through research on trends in the PjBL biopreneurship
model to improve systems thinking skills and show its
benefits, it can be said that for the following years (2025
onwards), this trend can run stably and develop.
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