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Abstract: This research aims to provide information about several ways students communicate
to build knowledge in citizen science projects (CSP). As the term “citizen science” applies to
science that involves people who are not professional scientist to attract wider public participation
in scientific research, leading to the overall advancement of scientific knowledge. Quantitative
descriptive research was conducted by implementing as well as observing CSP activities in class
and completing surveys to 36 students who had participated in CSP. The findings of this research
show that most students (83%) received passing grades above 70 score, the minimum passing
criteria. The percentage of completion of learning outcomes falls into the very effective category
(n>80%). This means that CSP learning is able to build knowledge through the communication
activities trained in it. On average, students responded strongly agree-agree (87.3%) that the
communication carried out in CSP builds their knowledge. There are five CSP activities that
involve communication between students, schools’ community, teacher and expert scientist. The
five main activities of CSP, namely (1) focus group discussion (FGD) with scientists, (2)
conducting projects, (3) presenting project results to scientists, (4) reporting project results, (5)
and finally publishing project results project. The implications of this research inform several
communication activities that can be carried out to build knowledge in learning through CSP.

Keywords: communication, knowledge building, citizen science project (CSP)

= INTRODUCTION

Students' communication skills are important to measure because studies show that
students both in secondary school, diploma and higher education are still less competent
in oral and written communication (Trilling & Fadel, 2009). Meanwhile, effective
communication skills are a key complement to 21st century skills (Larson & Miller, 2011;
Zubaidah, 2016). Goksoy (2014) explained that communication is an effort to share
knowledge and ideas between two or more people with the aim of building knowledge.

Communication in the learning context, Pal, Halder, & Guha (2016) defines it as
the process of exchanging information, namely learning material from teachers to
students. The communication aspect in learning places the teacher as the communicator
or sender of the message, while the role of receiving the message (learning material) is
the student. In line with Chung, Yoo, Kim, Lee, & Zeidler (2016) states that
communication in learning is a process for sharing knowledge, thoughts and
understanding between teachers and students so that mutual knowledge, relationships and
interactions are built.

This communication skill is also very necessary to be able to collaborate with
people in real life (Amin, 2017). Communication in collaboration can be trained by citizen
science activities. Citizen science (CS) can be a means of empowering communities to
interact, communicate and collaborate with each other and the surrounding environment
(Queiruga-Dios, Lopez-Iiesta, Diez-Ojeda, Saiz-Manzanares, & Vazquez Dorrio, 2020).
CS is an activity involving community participation to collaborate in scientific research
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with expert scientists. Through CS, communities share and contribute to data collection
(M. M. Haklay et al., 2021; Robinson, Cawthray, West, Bonn, & Ansine, 2018).

Community participation in citizen science can be done through many forms are
not limited to data collection. Such as calculations, analysis, evaluation, hypothesis
development, methodology design and data dissemination can also be done through CS
(Curtis, 2018; Land-Zandstra, Devilee, Snik, Buurmeijer, & Van Den Broek, 2016). Apart
from aiming to collect large scientific data, CS in the world of education is usually carried
out with project-based learning or what is known as citizen science project (CSP) with
students and the school’s community as the citizens.

Citizen science projects (CSP) actively involve citizens in scientific endeavour that
generates new knowledge or understanding (M. Haklay et al., 2021; Hung, Jonassen, &
Liu, 2008). In environmental and sustainability education especially biodiversity, CSP
often be used by researchers to gather large amounts of biodiversity-related data and
engage the public in biodiversity research (Peter, Diekotter, & Kremer, 2019). Projects
carried out in biodiversity learning through CSP are often related to identifying and
monitoring biological diversity, collecting biodiversity data, DNA barcoding and
volunteering on conservation activity, and so on (Aripin, Hidayat, Rustaman, & Riandi,
2021; Kelemen-Finan, Scheuch, & Winter, 2018; Peter, Diekotter, Hoffler, & Kremer,
2021; Schneiderhan-Opel & Bogner, 2020).

For years, citizen science activities have been carried out to monitor and raise
environmental awareness, but most activities are contributory. It means that the design of
tasks, planning, and analysis of problems are carried out by professional researchers
(expert scientists), while citizens act as participants and data (Herodotou, Aristeidou,
Sharples, & Scanlon, 2018; Mahajan et al., 2020; Vohland et al., 2021). Unlike other
problem-based learning, such as problem-based learning, students become the initiators
of the problems they encounter (Hung et al., 2008).

Several studies showed that implementation of CSP on biodiversity learning give
some positive impacts on students’ knowledge, attitudes, behavior, and literacy regarding
biodiversity. CSP also can influence participants’ skills and can lead to the increased self-
efficacy of participants, an increased interest in the environment, and a variety of other
personal outcomes (Aripin, 2022; Palmberg et al., 2015; Peter, Diekotter, & Kremer,
2019). Although many studies have shown that CSP can improve various students’
outcomes, there is less description on how students communicate in CSP to build their
knowledge and how students respond to implementing CSP in biodiversity learning.

Research to inform student communication to build knowledge in CSP has never
been conducted. Even though knowledge is possible to develop along with project-based
learning that communicates with fellow citizens and expert scientists (Novitasary, 2023;
Nugroho, Jalmo, & Surbakti, 2019; Zubaidah, 2019), research to see how student
communication through CSP activities needs to be carried out. Research findings can be
used as evidence for references and learning activities that are known to be effective in
building student knowledge through communication.

This information is also important for the development of future learning activities.
Student responses can be used as accurate considerations regarding the implementation
students expect in biodiversity learning. Therefore, this study aims to obtain student
responses to implementing CSP in biodiversity learning. In addition to provide
information about several students’ communication activities to build knowledge in CSP.



Jurnal Pendidikan MIPA, 25 (1), 2024, 1-13 3

= METHOD
Participants

The research population was students in Publich High School in Bandung. The
samples were taken by using random sampling. The sample participants in this study were
36 students of grade 10 who had received biodiversity learning through CSP activities.

Research Design and Procedure

This research used quantitative descriptive methods through implementation of
CSP, observation and surveys. Class observations were carried out when CSP activities
were taking place in the learning. The implementation of CSP activities in this research
was carried out through five main activities, namely (1) workshops with expert scientists,
(2) project implementation, (3) presentation of project results, (4) reporting, and (5)
publishing project data. The project activity in this research is plant identification in the
school environment. Students communicate with school residents, friends, teachers and
expert scientists during the identification process. Then the survey was given to 36
students after the CSP was completed. The research flow is summarized in Figure 1.
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Figure 1. The research flow

Instruments

The instruments of the research were (1) posttest assessment, (2) observation sheet,
(3) questionnaire survey. The posttest assessment were 20 multiple choice questions and
developed from the biology book (Solihat, Eris Rustandi, Wandi Herpiandi, & Zamzam
Nursani, 2022; Widiyati, Rochmah, & Zubedi, 2009) and had 0.532 reliability score. The
indicators of posttest assessment are shown in Table 1.

Table 1. The indicators of posttest assessment

No Indicators Number Score
1. Understanding of the level of biodiversity 1-8 1
2. The reality of biodiversity in Indonesia 9-12 1
3. Classification system in biodiversity 13-14 1
4. Taxonomy in biodiversity 15-20 1

The observation sheet was compiled based on the CSP learning syntax, namely (1)
workshops with expert scientists, (2) project implementation, (3) presentation of project
results, (4) reporting and (5) publishing project data (Aripin & Hidayat, 2024). The
questionnaire survey consists of five questions regarding student responses to the
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communication that occurs in learning. The questionnaire was adapted from a similar
study (Devi, 2012). Response questions were given in the form of a 1-4 Likert scale with
the following details (1) strongly disagree/SD; (2) disagree/D; (3) agree/A and (4)
strongly agree/SA. Table 2 showed the indicators of students’ respond questionnaire.

Table 2. The indicators of students’ respond questionnaire

No. Indikator Nomor

1. Response to CSP for students' oral communication 1-2

2. Response to CSP for student written communication 3-4

3. Response to CSP to build student knowledge 5
Data Analysis

The total of posttest assessment score is processed by the formula below

Y'score obtained

Students’ completion of study: %X 100

Ymaximal score

The right answer was given by 1 score, the maximum score that students could
achieve was 20 score. The passing grade of student’s completion study was 70 score. The
total of students that completed passing grade was the indicator of the effectiveness of
CSP learning. The category of learning effectiveness through the percentage of students
who exceed the passing grade or complete learning outcomes is listed in table 3.

Table 3. The category of learning effectiveness

Score Category
0-20 Not effective
21-40 Less effective

41-60 Enough
61-80 Effective
81-100 Very effective

Response data is processed descriptively in percentages (%). The resulting scores
are then used to determine students’ communication categories in Table 4. The findings
from observations are processed descriptively to produce comprehensive information
about how students communicate to build knowledge in CSP.

Table 4. Categories of students’ respon in communication

Score (%) Category
0-20 Very bad
21-40 Bad
41-60 Enough
61-80 Good

81-100 Excellent
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= RESULT AND DISSCUSSION

The findings in this research are divided into three data, namely (1) The learning
effectiveness, (2) observation of student communication activities; (3) and student
responses to communication activities during CSP.

57-62 63-69 70-75 76-81 82-87 88-93

Figure 2. Students’s achievement scores

Figure 2. shows that as many as 83% of students (30 people) achieved the minimum
completion criteria with a score of > 70. Meanwhile, 7% of other students (6 people) did
not achieve the minimum completion with a score of < 70. The percentage of completion
is included in the very effective category (80-100%) (Sari et al., 2023). This means that
learning biodiversity through CSP is effective to build students’ knowledge in
biodiversity.

This result is in line to several studies showed that implementation of CSP on
biodiversity learning give some positive impacts on students’ knowledge, attitudes,
behavior, and literacy regarding biodiversity. CSP also can influence participants’ skills
and can lead to the increased self-efficacy of participants, an increased interest in the
environment, and a variety of other personal outcomes (Aripin, 2022; Palmberg et al.,
2015; Peter et al., 2019). CSP learning is impressive because it can interact directly with
the surrounding environment in a concrete and contextual way, not just material.

Other studies have also found that high school students' Biology learning outcomes
increase when using a contextual approach (Irwandi, 2013; Syahril, 2018; Dongoran,
2019). A contextual approach can also increase students' creativity, thinking style, and
caring attitudes and actions toward the environment (Mukayatun et al., 2013; Restanti et
al., 2013; Rahmatan, 2017). The quality of Biology learning that increases with a
contextual approach (Sudarisman, 2013) will indirectly raise students' motivation and
passion for learning Biology (Irhami, 2019).

Building knowledge and understanding of the material develop as students
complete their projects. In addition to knowledge, scientific attitudes, self-development,
understanding of the nature of science, and various skills also increase after CSP learning
(Prather et al., 2013; Price & Lee, 2013). CSP is also able to develop several science
process skills during the project. Skills in identifying and processing data
comprehensively, observation, scientific investigation, and argumentation are known to
increase as projects progress in CS (Aristeidou, Scanlon, & Sharples, 2017; Masters et
al., 2016; Scanlon, Woods, & Clow, 2014). Therefore, the students’s achievement scores
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reflects that CSP learning is very effective and can attract students to participate and
actively feel the positive impact of collaborative learning.

Communication Activities in CSP

In every learning context, especially science, active communication is very
important. So, it must be emphasized more for students. Scientific communication or
scientific communication is one of the main skills in communication in science learning.
The interaction processes that occur during investigations and the decision-making
process are part of scientific communication. Communication skills in learning aim to
maintain, produce and expand knowledge during student activities (Nielsen, 2013;
Prihatiningsih, 2017).

Table 5. Student communication activities in CSP
No. Activities
1. Students actively involve in scientific endeavor that generates new knowledge or
understanding by discussion with friends, community, teachers & scientists during
CSP
2. Students have a genuine science outcome by reporting the results of plant
identification through student’s worksheet, herbarium and poster
3. Receive feedback from the project by presenting the outcome (students’ worksheet,
herbarium, and poster) to the scientist and teacher
4, Project data and meta-data from CSP are made publicly available and results are
published in an open access format through Pl@ntNet app
5. Acknowledgment in project communications, results reporting and publications by
receiving evaluation scores from teachers and scientists

The communication activities in CSP shown in Table 5. It shows that student
communication in the learning process is very necessary. The existence of five activities
that require students to communicate actively both verbally and in writing makes CSP
one of the learning activities that can train students' communication. This is in line with
the opinion that communication skills can develop along with project-based learning
which involves the communication process in it (Novitasary, 2023; Nugroho et al., 2019;
Zubaidah, 2019).

Through CSP, students not only communicate with their discussion partners, but
students also have the opportunity to communicate with local residents and plant
scientists (Professor in Plant Biosystematics). The communication that occurs during CSP
activities indirectly builds student knowledge. In line with the statement that
exploration/observation is very necessary when students try to understand a concept or
build knowledge (Supriadi, 2015). Of course, this exploration and observation requires
communication, so that ultimately communication can help students understand concepts
and build their knowledge.

The knowledge that students build during CSP is not only about
concepts/understanding of material, but also skills (especially science process skills), and
attitudes/mindsets in good communication. The importance of students’ awareness of
good communication as a source of life needs to be instilled from an early age. The need
to develop students' competence in presenting their academic work as a disciplinary
contribution is also important while establishing themselves as members of society (Qiu
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& (Kevin) Jiang, 2021). Of course, this urgency can be carried out through CSP activities

which involve many levels of society to collaborate and contribute.

Respon to Citizen Science Project

After identifying plants through CSP activities and all communication that occurs

during learning, students were given a response questionnaire on how communication
during CSP activities can build students' knowledge of plant identification and

classification. Data on student responses are presented in Table 6.

Table 6. Students' response to CSP

Question SA %

A%

D%

SD%

Category

Learning with CSP can train students' oral 36.4
communication skills through the
involvement of experts and citizen

455 13.6

4.5

Very good

Students' oral communication skills, such as 50
conveying and summarizing observation

results, are carried out effectively through

the presentation of CSP results

364 091

4.5

Very good

Students' written communication skills from 41
reporting data on worksheets and PlantNet
are in appropriate quality

50

4.5

4.5

Very good

Students' communication skills in attaching ~ 63.6
evidence/observation data are appropriate
and effective

27.3 45

4.5

Very good

Communication in CSP builds 455
knowledge/understanding of
material/concept identification more easily

41

4.5

Very good

Average 47.3

40

8.2

4.5

Very good

published widely to the global community through Pl@ntNet plant database application.

Effective learning output is also clearly illustrated by the very good-good average
student response (87.3%) in Table. 3. Students strongly agree that the communication
carried out during CSP not only able to practice oral and written communication skills,
but also expand collaboration with various parties. Apart from that, building knowledge
through communication on CSP is also easier to achieve. Then, students also gain
experience when the results of their observations receive recognition/acknowledgement,

Anthurium clarinervium Matuda

gumilangramadhan h

Rank Spesies yang diam:
369,701 38

Gumilang Ramadhan
3 Aot 20

Kupin

B

ontributic Gumilang Ramadhan

Chrysanthemum
ga Krisan

Observations Group. %
Filters v

Bur

indicum

% gajoh

L



Jurnal Pendidikan MIPA, 25 (1), 2024, 1-13

Figure 3. The display of Pl@ntNet for plant identification

One of student’s respond stated that, “Learning activities should require a lot of
training for students to interact with the community and general public such as CSP”.
CSP is known by actively involve citizens in scientific endeavour that generates new
knowledge or understanding (M. Haklay et al., 2021). In environmental and sustainability
education especially biodiversity, CSP often be used by researchers to gather large
amounts of biodiversity-related data and engage the public in biodiversity research (Peter
et al., 2019). Active participation, effective group work and interact with each other
determine the communication skill outcome for students (Aslan, 2021).

Presentation activities are also well responded by students (86.4%) because they
can train students' confidence in expressing opinions, train communication and train
interaction between each other. In order for students not to have problems with stage
fright and nervousness when they do presentation, these skills should be practiced from a
young age. The majority of students believe that educational institutions should prepare
students for presentations. When giving a presentation, various factors must be taken into
account, such as the creation and design of the presentation itself, its creation in one of
the tools, the content which must be logically structured, clear and precise language, the
appearance of the person giving the presentation, and non-verbal communication
(Popovi¢, Hmelina, Cesarec, & Klopotan, 2024).

The others student responses above are in line with the many studies that mention
the positive impacts felt by students from CSP learning. CSP learning allows students to
interact with spontaneous and new knowledge when projects such as communication
skills and digital literacy (Aristeidou & Herodotou, 2020). The use of software platforms
and digital instruments is also an advantage for improving students' technological skills
(Jennett et al., 2016). In addition to PI@ntNet for CSP in the field of plant science, there
is a lot of software that can be used in CSP in other fields of science such as iSpot, Galaxy
Zoo, Citizen Sky and so on.

The findings in this research have implications as a reference for several
communication activities in learning that can help students build their knowledge.
Students do not gain their knowledge through teacher lectures, but students collaborate
and communicate with many parties through CSP to construct their understanding.
Therefore, CSP learning activities are known to be effective in building student
knowledge through the communication and collaboration that exist within them.
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= CONCLUSION

Communication can help students understand concepts and build their knowledge
through exploration/observation activities such in CSP. The findings of this research
show that most students (83%) completed the passing grades. The percentage of
completion of learning outcomes falls into the very effective category (n>80%). This
means that CSP learning is able to build knowledge through the communication activities
trained in it. On average, students responded strongly agree-agree (87.3%) that the
communication carried out in CSP builds their knowledge. There are five CSP activities
that involve communication between students, schools’ community, teacher and expert
scientist.

The implications of this research inform several communication activities that can
be carried out to build knowledge in learning through CSP. The limitation of this research
is the sample of the study only involve a class. The suggestion for the next research is
implementing CSP to other subject not only in natural science but also in sosial science
or other field of science. The implementation also needs to be wider to get the better sight
of the benefit of implementing CSP in learning activities.

» REFERENCES

Amin, M. (2017). Sadar berprofesi guru sains, sadar literasi: Tantangan guru di abad
21 [Aware of being a science teacher, aware of literacy: Challenges for teachers in
the 21st century]. Research Report.

Aripin, 1. (2022). Pengembangan program perkuliahan biologi konservasi berbasis
citizen science project untuk meningkatkan literasi biodiversitas dan keterampilan
meneliti mahasiswa calon guru biologi [Development of a conservation biology
lecture program based on citizen science projects to improve biodiversity literacy
and research skills of prospective biology teacher students]. Universitas Pendidikan
Indonesia, Bandung.

Aripin, I., & Hidayat, T. (2024). Citizen Science: Teori dan Praktik dalam Pembelajaran
Biologi [citizen science: theory and practice in biology learning]. Bandung: UPI
Press.

Aripin, ., Hidayat, T., Rustaman, N., & Riandi, R. (2021). Monitoring biodiversitas
kupu-kupu di perkebunan jeruk limau (citrus amblycarpa) berbasis citizen science
[butterfly biodiversity monitoring in lime plantations (citrus amblycarpa) based on
citizen science]. Gunung Djati Conference Series, 6, 111-121.

Aristeidou, M., & Herodotou, C. (2020). Online citizen science: A systematic review of
effects on learning and scientific literacy. Citizen Science: Theory and Practice,
5(1), 1-12.

Aristeidou, M., Scanlon, E., & Sharples, M. (2017). Science learning in online
communities of scientific investigations: evidence and suggestions.

Aslan, A. (2021). Problem- based learning in live online classes: Learning achievement,
problem-solving skill, communication skill, and interaction. Computers &
Education, 171, 104237. https://doi.org/10.1016/j.compedu.2021.104237

Chung, Y., Yoo, J.,, Kim, S.-W., Lee, H., & Zeidler, D. L. (2016). Enhancing
students’communication skills in the science classroom through socioscientific
issues. International Journal of Science and Mathematics Education, 14, 1-27.

Curtis, V. (2018). Online citizen science and the widening of academia. Springer.



10

Jurnal Pendidikan MIPA, 25 (1), 2024, 1-13

Devi, D. S. (2012). Penerapan model problem based learning (pbl) untuk meningkatkan
kemampuan berpikir kritis peserta didik pada pembelajaran ipa kelas viii smp
negeri 5 sleman [implementation of problem based learning (pbl) model to improve
students' critical thinking skills in science learning for class VI of SMP Negeri 5
Sleman]. Laporan Penelitian. UNY.

Dongoran, J. (2019). Upaya meningkatkan hasil belajar biologi siswa melalui
pendekatan kontekstual dengan media powerpoint [efforts to improve students'
biology learning outcomes through a contextual approach with powerpoint media].
School Education Journal Pgsd Fip Unimed, 9(1), 1-7.

Fikriyah, A., & Ahied, M. (2022). Analyzing students’ science process skills through
mobile learning using virtual laboratory. Biosfer, 15(2), 214-230.
https://doi.org/10.21009/biosferjpb.24513

Goksoy, S. (2014). Teacher candidates’(pedagogical formation students’)
communication skills. Creative Education, 2014.

Haklay, M., Dorler, D., Heigl, F., Manzoni, M., Hecker, S., & Vohland, K. (2021). What
is citizen science? The challenges of definition. The Science of Citizen Science, 13.

Haklay, M. M., Dorler, D., Heigl, F., Manzoni, M., Hecker, S., & Vohland, K. (2021).
What is citizen science? The challenges of definition. The Science of Citizen
Science, 13.

Herodotou, C., Aristeidou, M., Sharples, M., & Scanlon, E. (2018). Designing citizen
science tools for learning: lessons learnt from the iterative development of nQuire.
Research and Practice in Technology Enhanced Learning, 13(1), 1-23.

Hung, W., Jonassen, D. H., & Liu, R. (2008). Problem-based learning. Handbook of
Research on Educational Communications and Technology, 3(1), 485-506.

Irhami, S. N. (2019). Implementasi pendekatan kontekstual untuk meningkatkan gairah
siswa dalam pembelajaran biologi di madrasah aliyah negeri 02 banyumas
[implementation of contextual approach to increase student enthusiasm in biology
learning at state islamic senior high school 02 banyumas]. Jurnal Kependidikan,
7(1), 3-42. https://doi.org/10.24090/jk.v7i1.2827

Irwandi, I. (2013). Pengaruh pendekatan kontekstual terhadap hasil belajar biologi siswa
sma [the influence of contextual approach on high school students' biology learning
outcomes]. Jurnal limu Pendidikan Universitas Negeri Malang, 19(1), 114629.

Jennett, C., Kloetzer, L., Schneider, D., lacovides, 1., Cox, A. L., Gold, M., ... Ajani, Z.
(2016). Motivations, learning and creativity in online citizen science. Journal of
Science Communication, 15(3).

Kelemen-Finan, J., Scheuch, M., & Winter, S. (2018). Contributions from citizen science
to science education: an examination of a biodiversity citizen science project with
schools in Central Europe. International Journal of Science Education, 40(17),
2078-2098. https://doi.org/10.1080/09500693.2018.1520405

Land-Zandstra, A. M., Devilee, J. L. A., Snik, F., Buurmeijer, F., & Van Den Broek, J.
M. (2016). Citizen science on a smartphone: Participants’ motivations and learning.
Public Understanding of Science, 25(1), 45-60.

Larson, L. C., & Miller, T. N. (2011). 21st century skills: prepare students for the future.
kappa delta pi record, 47(3), 121-123.
https://doi.org/10.1080/00228958.2011.10516575



Jurnal Pendidikan MIPA, 25 (1), 2024, 1-13 |11

Mahajan, S., Kumar, P., Pinto, J. A., Riccetti, A., Schaaf, K., Camprodon, G., ... Forino,
G. (2020). A citizen science approach for enhancing public understanding of air
pollution. Sustainable Cities and Society, 52, 101800.
https://doi.org/10.1016/j.5¢s.2019.101800

Masters, K., Oh, E. Y., Cox, J., Simmons, B., Lintott, C., Graham, G., ... Holmes, K.
(2016). Science learning via participation in online citizen science. Journal of
Science Communication, 15(03), A07. https://doi.org/10.22323/2.15030207

Mukayatun, M., Sugiyarto, S., & Karyanto, P. (2013). Pembelajaran biologi dengan
pendekatan ctl dengan teknik network tree dan spider concept map ditinjau dari
kreativitas dan gaya berpikir peserta didik [biology learning with ctl approach with
network tree technique and spider concept map reviewed from the creativity and
thinking style of students]. Inkuiri, 2(01).

Nielsen, K. H. (2013). Scientific communication and the nature of science. science &
education, 22(9), 2067-2086. https://doi.org/10.1007/s11191-012-9475-3

Novitasary, R. R. (2023). Penerapan pembelajaran berbasis proyek pada kurikulum
merdeka belajar untuk meningkatkan keterampilan kkomunikasi pseserta didik
[implementation of project-based learning in the independent learning curriculum
to improve students' communication skills]. Jurnal Inovasi Pembelajaran Biologi,
4(2), 100-112.

Nugroho, A. T., Jalmo, T., & Surbakti, A. (2019). Pengaruh model project based learning
(PjBL) terhadap kemampuan komunikasi dan berpikir kreatif [The influence of the
project based learning (PjBL) model on communication and creative thinking
skills]. Jurnal Bioterdidik: Wahana Ekspresi lImiah, 7(3), 50-58.

Pal, N., Halder, S., & Guha, A. (2016). Study on communication barriers in the classroom:
A teacher’s perspective. Online Journal of Communication and Media
Technologies, 6(1), 103-118.

Palmberg, I., Berg, 1., Jeronen, E., Karkkainen, S., Norrgard-Sillanpaa, P., Persson, C.,
... Yli-Panula, E. (2015). Nordic—baltic student teachers’ identification of and
interest in plant and animal species: the importance of species identification and
biodiversity for sustainable development. Journal of Science Teacher Education,
26(6), 549-571. https://doi.org/10.1007/s10972-015-9438-z

Peter, M., Diekétter, T., HOffler, T., & Kremer, K. (2021). Biodiversity citizen science:
Outcomes for the participating citizens. People and Nature, 3(2), 294-311.
https://doi.org/10.1002/pan3.10193

Peter, M., Diekotter, T., & Kremer, K. (2019). Participant outcomes of biodiversity
citizen science projects: a systematic literature review. Sustainability, 11(10), 2780.
https://doi.org/10.3390/su11102780

Popovi¢, I., Hmelina, M., Cesarec, R., & Klopotan, 1. (2024). Students self-assessment of
the importance of presentation skills. 070001. https://doi.org/10.1063/5.0196121

Prather, E. E., Cormier, S., Wallace, C. S., Lintott, C., Raddick, M. J., & Smith, A. (2013).
Measuring the conceptual understandings of citizen scientists participating in
zooniverse projects: A first approach. Astronomy Education Review, 12(1).

Price, C. A., & Lee, H. (2013). Changes in participants’ scientific attitudes and
epistemological beliefs during an astronomical citizen science project. Journal of
Research in Science Teaching, 50(7), 773-801.



12

Jurnal Pendidikan MIPA, 25 (1), 2024, 1-13

Prihatiningsih, Y. (2017). Analisis dominasi komunikasi scientific pada pembelajaran
biologi serta hubungan motivasi dan frekuensi komunikasi dengan kemampuan
komunikasi interpersonal siswa [analysis of the dominance of scientific
communication in biology learning and the relationship between motivation and
frequency of communication with students' interpersonal communication skills].

Qiu, X., & (Kevin) Jiang, F. (2021). Stance and engagement in 3MT presentations: How
students communicate disciplinary knowledge to a wide audience. Journal of
English for Academic Purposes, 51, 100976.
https://doi.org/10.1016/j.jeap.2021.100976

Queiruga-Dios, M. A., Lopez-lfiesta, E., Diez-Ojeda, M., Saiz-Manzanares, M. C., &
Véazquez Dorrio, J. B. (2020). Citizen science for scientific literacy and the
attainment of sustainable development goals in formal education. Sustainability,
12(10), 4283. https://doi.org/10.3390/su12104283

Rahmatan, H. (2017). Pengembangan model pembelajaran problem based instruction
(pbi) pada materi pencemaran lingkungan untuk meningkatkan tindakan peduli
terhadap lingkungan di madrasah aliyah negeri darussalam kabupaten aceh besar
[development of problem based instruction (pbi) learning model on environmental
pollution material to increase environmental concern at darussalam state islamic
senior high school, aceh besar regency]. BIOTIK: Jurnal Iimiah Biologi Teknologi
Dan Kependidikan, 3(1), 21-26.

Restanti, R., Sarwanto, S., & Sudarisman, S. (2013). Pembelajaran biologi dengan
pendekatan ctl (contextual teaching and learning) melalui model formal dan
informal hands on activities ditinjau dari kreativitas siswa dan sikap peduli
lingkungan [biology learning with the ctl (contextual teaching and learning)
approach through formal and informal hands-on activities models reviewed from
student creativity and environmental concern attitudes]. Inkuiri, 2(02).

Robinson, L. D., Cawthray, J. L., West, S. E., Bonn, A., & Ansine, J. (2018). Ten
principles of citizen science. In Citizen science: Innovation in open science, society
and policy (pp. 27-40). UCL Press.

Sari, S. Y., Gusmania, Y., & Hasibuan, N. H. (2023). Pengembangan komik digital
sebagai media literasi numerasi [Development of digital comics as a medium for
numeracy literacy]. Pythagoras: Jurnal Program Studi Pendidikan Matematika,
12(1), 85-94. https://doi.org/10.33373/pythagoras.v12i1.5033

Scanlon, E., Woods, W., & Clow, D. (2014). Informal participation in science in the UK:
identification, location and mobility with iSpot. Journal of Educational Technology
& Society, 17(2), 58-71.

Schneiderhan-Opel, J., & Bogner, F. X. (2020). How fascination for biology is associated
with students’ learning in a biodiversity citizen science project. Studies in
Educational Evaluation, 66, 100892.
https://doi.org/10.1016/j.stueduc.2020.100892

Solihat, R., Eris Rustandi, Wandi Herpiandi, & Zamzam Nursani. (2022). Biologi untuk
SMA/MA Kelas Xl [Biology for Senior High School Grade XI]. Jakarta:
Kementerian Pendidikan, Kebudayaan, Riset, dan Teknologi.

Sudarisman, S. (2013). Implementasi pendekatan kontekstual dengan variasi metode
berbasis masalah untuk meningkatkan kualitas pembelajaran biologi



Jurnal Pendidikan MIPA, 25 (1), 2024, 1-13 |13

[Implementation of a contextual approach with a variety of problem-based methods
to improve the quality of biology learning]. Jurnal Pendidikan IPA Indonesia, 2(1).

Supriadi, N. (2015). Pembelajaran geometri berbasis geogebra sebagai upaya
meningkatkan kemampuan komunikasi matematis siswa madrasah tsanawiyah
(MTs) [Geogebra-based geometry learning as an effort to improve the mathematical
communication skills of junior high school (MTs) students]. Al-Jabar: Jurnal
Pendidikan Matematika, 6(2), 99-110.

Syahril, S. (2018). Peningkatan hasil belajar ipa dengan menggunakan pendekatan
konstruktivisme pada siswa kelas vi sd negeri 21 batang anai [improving science
learning outcomes using the constructivism approach in grade vi students of sd
negeri 21 batang anai]. JRTI (Jurnal Riset Tindakan Indonesia), 3(1), 34.
https://doi.org/10.29210/3003126000

Trilling, B., & Fadel, C. (2009). 21st century skills: Learning for life in our times. John
Wiley & Sons.

Vohland, K., Land-Zandstra, A., Ceccaroni, L., Lemmens, R., Perello, J., Ponti, M., ...
Wagenknecht, K. (2021). The science of citizen science evolves. Chapter 1. in
Vohland, K. et al (Eds.).(2021) The Science of Citizen Science. Springer.
Https://Doi. Org/10.1007/978-3-030-58278-4. Pp 1-12.

Widiyati, S., Rochmah, S. N., & Zubedi. (2009). Biologi: SMA dan MA Kelas XI
[Biology: SMA and MA Class XI. Jakarta: Kemdikbud.

Zubaidah, S. (2016). Keterampilan abad ke-21: Keterampilan yang diajarkan melalui
pembelajaran [21st century skills: Skills taught through learning]. Seminar
Nasional Pendidikan, 2(2), 1-17.

Zubaidah, S. (2019). Memberdayakan keterampilan abad ke-21 melalui pembelajaran
berbasis proyek [Empowering 21st century skills through project-based learning].
Seminar Nasional Nasional Pendidikan Biologi, 1-19.



