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Abstract: The Merdeka curriculum requires teachers and educational units to provide
project activities in student learning. The project activities aim to improve students' skills,
one of which is critical thinking. This study aims to see the feasibility of the citizen science
project, Weather-it, as part of project activities in the Merdeka curriculum to improve
students' critical thinking skills. This study uses the Pre-experimental method with the One-

Corresponding Author: Group Pretest-Posttest Design. A total of 42 grade 7 students at a junior high school in
Topik Hidayat Bandung took part in the citizen science project, Weather-it. The validated pre-test and
topikhidayat@upi.edu post-test questions were made and used to analyze the improvement of students' critical

thinking skills. This increase can be seen from changes in the average pre-test and post-test
scores and by calculating the N-Gain score. The results showed an increase in the average
value of students' critical thinking, from 48.75 (pre-test) to 70.41 (post-test). The N-Gain
score states the effectiveness of the citizen science project, Weather-it, where 57.1% of
students are in the medium category, 28.6% in the high category and 14.3% in the low
category. Likewise, the results reflect how the citizen science project, Weather-it, can be
implemented as part of implementing the Merdeka curriculum.
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Introduction

Education is an important thing to build the
progress of a country. Indonesia as a developing country
always strives to improve and increase the quality of
education. This is done with the aim of forming a
generation that is intelligent and able to compete at the
global level. One of the efforts made by the Indonesian
government at this time is to change the education
system from the old paradigm to a new paradigm. The
hacking of the new paradigm education system has
spawned a new curriculum as a refinement of the 2013
curriculum (K-13) which is named the Merdeka
curriculum. The Merdeka curriculum has one of the
main characteristics, namely project-based learning.
Every subject teacher, including Natural Sciences (IPA)
subject teachers, is encouraged to provide project-based
learning. Learning science with projects aims to develop
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soft skills and student character (Kemendikbud, 2022).
One of the student's soft skills that can be developed
through project-based learning is critical thinking skills
or critical thinking skills (Anggraini et al., 2022).

The urgency of developing students' critical
thinking skills has been felt in the last few decades. This
is none other than because students as young people
must be prepared to face the job market and the
demands of society in the 21st century which are marked
by relatively fast changes and progress, not only in the
technological aspect but in the social and economic
aspects where education is very important for the
growth of a nation (Syafitri et al., 2021). For example, the
US Department of Education states that graduates do
not have sufficient thinking skills needed for
employment. In addition, the majority of employers
surveyed by companies such as the Workforce Solutions
Group, Adecco, and the United States National
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Association of Colleges and Employers reported that
prospective employees are unable to think critically in
solving problems that occur (Uribe-Enciso et al., 2017).
This fact directly affects educational institutions because
their graduates are future workers, employers or leaders
so that education must help students deeply instill
critical thinking skills to improve their future decision-
making (Crittenden et al., 2019).

Critical thinking is a person's skills in thinking
logically, answering problems well, and being able to
make decisions rationally (Susilawati et al., 2020).
Critical thinking skills are not skills that are inherent in
humans from birth. Critical thinking skills must be
trained in the learning process. Aspects of critical
thinking indicators according to Ennis (2011), include: 1)
Providing simple explanations, 2) Building basic skills,
3) Drawing conclusions, 4) Providing further
explanations, and 5) Setting strategies and tactics.

Research conducted by Hujjatusnaini et al. (2022),
Early et al. (2019), and Mutakinati et al. (2018) shows that
students' critical thinking skills can be improved
through citizen science project-based learning. Citizen
science project is a process where students can take an
active role in scientific discovery. Students participate in
research activities led by professional researchers to
learn about phenomena that occur in nature (Phillips et
al., 2018). Such learning can show students the relevance
of science to their own lives while promoting the
scientific profession in the field of science (Greving et al.,
2022). In addition, previous research stated that citizen
science has the potential to improve student learning
outcomes (Phillips et al., 2018). This is due to an increase
in students' knowledge about certain scientific objects
(Hsu et al., 2019; Somerwill et al., 2022). In particular,
several citizen science projects are designed to improve
students' skills (Bruckermann et al., 2021; Santori et al.,
2021).

Studies on student involvement in citizen science
projects in Indonesia (AWC and EPI) have never been
carried out. Researchers previously designed their own
citizen science projects which they used for formal
learning such as butterfly diversity citizen science
(Aripin et al., 2021), flower plant diversity citizen science
(Rachmawati et al., 2022) and biodiversity citizen science
(Damayanti et al., 2021). The design of a citizen science
project depends on the learning objectives to be achieved
from these activities. Makuch et al. (2018) have
recognized that if a citizen science project is properly
designed, students can be actively involved in citizen
science project activities, where they can learn and
contribute to research. In particular, if the citizen science
project is integrated into the school curriculum, student
involvement can add value to formal education (Harlin
et al., 2018).
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Several citizen science projects based on school
curricula have been reported describing evaluations of
student or teacher experiences with the program
(Frigerio et al., 2018; Pitt et al., 2018). Student and teacher
engagement outcomes are most often assessed using
pre-post surveys that determine the extent of student
learning (Kocman et al., 2020) and the most interesting
aspects of science (Frigerio et al., 2018). For example, Pitt
et al. (2018) found that after participating in a research
project with the United States Forest Service, students
showed greater interest in natural resource management
careers. While Frigerio et al. (2018) found that students
were least interested in data entry and most excited by
specific hardware tasks. Researchers also noted project
alignment with mandatory curriculum requirements
through project inclusion in the curriculum (Pitt et al,,
2018) or through informal feedback from teachers after
work was completed (Saunders et al., 2018).

Citizen science projects are applied on many topics
to raise awareness and can be a tool for environmental
and conservation issues (Heinisch, 2021). Citizen science
projects provide opportunities to generate new
knowledge, enable learning, facilitate environmental
knowledge, build capacity, and enable community
participation (Turrini et al., 2018). Smart mobile devices
and online networks are also useful for citizen scientists
for data collection, storage, and dissemination
(Weigelhofer et al., 2019). As in the citizen science
project, Weather-it, which uses mobile devices during
project activities.

Citizen science project, Weather-it, is a scientific
weather investigation activity. Citizen science project,
Weather-it, can provide broad opportunities for
students to learn weather through direct observation
(Echeverria et al., 2021; Kelemen-Finan et al., 2018;
Panitsa et al., 2021; Queiruga-Dios et al., 2020). Citizen
science project, also provides learning about the
scientific method (Echeverria et al., 2021; Queiruga-Dios
et al., 2020). Students learn how to collect data, process
and draw conclusions according to scientific principles
(Ballard et al., 2017; Peter et al., 2021; Weigelhofer et al.,
2019).

Thus, this research is important to do because the
citizen science project, Weather-it, can be a new
innovation in science learning in Indonesia and support
the implementation of the Merdeka curriculum. The
questions in this research are: 1) How is the citizen
science project, Weather-it, implemented as part of the
independent curriculum learning at the junior high
school level? 2) How is the application of the citizen
science project, Weather-it towards improving the
critical thinking skills of junior high school students?
While the aims of this research are: 1) To analyze how
far the Citizen science project, Weather-it, can become
part of the independent curriculum at the junior high
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school level; 2) Analyze how far the Citizen science
project, Weather-it, can improve students' critical
thinking skills.

Method

The research method used in this study was pre-
experimental with a one-group pretest-posttest design.
Sampling was done through purposive sampling
technique. The sample in this study were 7th grade
students consisting of 42 students, 11 male students and
31 female students.

The treatment variable in this study is the citizen
science project, Weather-it, while the dependent variable
is critical thinking skills. The citizen science project,
Weather-it, will last for two weeks, from 01 August 2022
to 10 August 2022 involving BMKG (Meteorology
Climatology and Geophysics Council) teachers and
meteorologists. The teacher plays the role of monitoring
the activities of the Weather-it project with researchers.
Meanwhile, meteorologists are presented to provide
students with in-depth knowledge about the weather.
Students are given the opportunity to have direct
discussions with meteorologists in two meetings. The
first meeting was conducted offline, namely during a
weather investigation, while the second meeting was
held online during the presentation of the results of the
investigation. Furthermore, students will collect weather
data on Wednesday, 03 August 2022 from 07.30-16.30
WIB using the AccuWeather application. Students are
also given the mission to observe clouds with their
family members using the Globe Observer application
for two consecutive days, namely on 6 and 7 August
2022. As for the citizen science project activity scheme,
weather-it can be seen in Figure 1.
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* Introduction to citizen science
project, weather-it

* Giving material about climate
and weather

Early stage

* Identify a problem with the topic of extreme weather in
1 5 Indonesia
Planning Stage * Make a formulation of the problem and hypothesis

* Designing investigation procedures

* Investigation of weather elements (measuring air
temperature, air humidity and air pressure)
* Direct discussion with meteorologists

Data Collection
Stage

* Weather element data processing
* Create graphs

¢ Interpret data

& Draw a conclusion

Data Processin;
and Conclusion
Drawing Stage

Cloud
Observation
Mission Stage

m

* Make cloud observations using
the Globe Observer application

* Make a written report on the results of the weather
element investigation

* Presenting the results of weather investigations in
front of meteorologists through the zoom meet
application.

Reporting
Stage

Figure 1. Citizen science project activities, weather-it

The instruments used in data collection in this
study consisted of three parts, namely written tests,
performance appraisal sheets and semi-structured
interviews. Students' critical thinking skills were
measured using a written test with a total of 11 essay
questions. The indicators for achieving students' critical
thinking skills as measured in this study refer to the five
indicators put forward by Ennis (2011). This test is used
for assessing students' Pre-test and Post-test. Details of
critical thinking indicators and the number of questions
can be seen in Table 1.

Table 1. Indicators for Students' Pre-Test and Post-Test Questions

Group Aspect Indicator Number of Questions

Elementary clarification Focusing questions 3
Analyze arguments
Ask and answer challenging questions

Basic support Considering credibility (criteria of a source) 2
Observe and consider the results of observations

Inference Create an induction and consider an induction 2
Make and consider value decisions

Advance clarification Define terms and consider them 2
Identify assumptions

Strategies and tactics Decide on an action 2

Interact with others

The questions on the test have been validated by
two experts and have been tested to determine the
feasibility of the instrument. The correlation coefficient
and reliability of the questions that have been made are
0.59 and 0.74, respectively. Performance assessment
sheets are used to assess students' written reports.

Students are given the task of making a report on the
results of their weather investigation. The indicators of
critical thinking that are assessed on the performance
appraisal sheet are deciding an action and interacting
with others.
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While semi-structured interviews were conducted
to see student and teacher responses to the activities of
the citizen science project, Weather-it. The results of the
interviews can provide important information related to
project implementation. This information can be in the
form of obstacles, weaknesses and strengths, as well as
the benefits felt by students and teachers during project
activities in implementing the Merdeka curriculum.

The data obtained from the written test will be
analyzed by comparing the pre-test and post-test
average scores for all critical thinking indicators and for
each critical thinking indicator. Students' critical
thinking skills increase if the student's post-test score is
higher than the student's pre-test score (Hujjatusnaini et
al., 2022). This increase can be analyzed by calculating
the N-gain score. The interpretation of the N-gain score
refers to the classification according to Hake (2002)
which is presented in Table 2.

Tabel 2. Normalized Gain (N-Gain) Index Score

Category N-gain
High g20.7
Medium 03<g<07
Low <03

Result and Discussion

Implementation of the Citizen Science Project, Weather-It

Citizen science project, Weather-it with the theme
"climate change: global warming". This theme
corresponds to the main theme of the project in the
independent curriculum, namely a sustainable lifestyle.
In this theme students are expected to be able to
understand the impact of human activity on the
continuity of life on earth. Students are also expected to
learn about potential sustainability crises that occur in
their surroundings and develop readiness to face and
mitigate them (Kemendikbud, 2022).

The first stage: students identify weather problems
that occur due to climate change. Problem identification
was carried out by students by reading an article about
flooding during the dry season. Students also watch two
videos, the first video is about the causes and effects of
climate change while the second video is about extreme
weather that is happening in Indonesia. After
identifying the problem, students make a problem
statement and then submit a hypothesis. Finally,
students create a research plan for weather
investigations. This first stage takes 180 minutes (3
hours). At this first stage, students have difficulty
identifying problems and formulating problems. The
video presented needs to be played twice so that
students can find the essence of the problem in each
video.
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The second stage: students carry out a weather
investigation, namely measuring air temperature, air
humidity and air pressure using the AccuWeather
application for 8 hours. Measurements are taken every
hour from 07.30 WIB to 16.30 WIB. Students are divided
into 3 groups, each group investigates the weather in a
different place. The first group conducted a weather
investigation in a place with lots of trees, the second
group in a place with few trees and group 3 in a school
parking lot where there were no trees.

The weather investigation stage is the activity stage
that students like the most. Based on the results of the
interviews, 99% of students stated that the most
enjoyable activities for them were activities in the field
when conducting weather investigations.

KI: “It's great to be able to do research in the field. Although
tired from morning to evening, but fun”.

FN: “The most exciting activity was during the investigation
from morning to evening”.

The science teacher who took part in the citizen
science project activities agreed with what was
expressed by the students. Teachers realize that
innovation in science learning is needed, one of which is
learning outside the classroom.

Science teacher: “I have to develop ideas to provide learning
that is not boring for students. Because I observe my students
feel bored and bored with learning that is only in class. They
need learning outside the classroom”.

According to Tagwan (2019), learning that takes
place outside the classroom can add aspects of joy and
fun to students because students do not feel burdened
with learning. They feel they are playing in nature.

Apart from carrying out weather investigations, in
this second stage students also carry out direct
discussions with meteorologists. They discussed
differences in climate and weather, causes of climate
change and weather, impacts of climate change and
weather, the relationship between climate and weather
parameters (air temperature, air humidity and air
pressure) and how the BMKG predicts the weather.
Meteorologists visit one by one the student groups
where they carry out weather investigations so that
discussions can be more conducive and intense.

Figure 2a shows the activity of students learning to
identify the weather and types of clouds with
meteorologists. Then figure 2b shows the activities of
students discussing with meteorologists. Students feel
proud and happy because they can meet and discuss
with a scientist.
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@ ((b)
Figure 2. (a) Activities to identify weather and cloud types
with scientists; (b) Direct discussion activities with scientists
(BMKG meteorologists)

AZ: "I feel happy because I can meet people from BMKG. Not
everyone has the opportunity to meet scientists”.
NL: “I feel proud because I can ask scientists directly”.

Having discussions with scientists gives confidence
to students (Aristeidou et al., 2020). Students feel more
confident with their mastery of science content after
discussing with a scientist (Ballard et al., 2017). This
sense of pride and joy has shaped students' self-efficacy
(Kocman et al., 2020).

Weather investigation activities and direct
discussions with scientists also provide in-depth
knowledge to students. Students become more
understanding about air temperature, humidity, and air
pressure.

FN: “I became more understanding about air temperature, air
humidity and air pressure. Now, I know that air temperature,
air humidity and air pressure can change at any time. I also
learned that air temperature and humidity are opposites.
When the air temperature is high, the air humidity will be

”

low” .

According to Kelemen-Finan et al. (2018) and
Phillips et al. (2018), citizen science projects can support
increasing students' knowledge regarding science
content through the provision of material by
scientists/researchers. This increase in knowledge can
be seen more after conducting investigations in citizen
science projects (Aristeidou et al., 2020; Kelemen-Finan
et al., 2018; Kocman et al., 2020). This is understandable
because in weather investigation activities students do
not just listen but practice directly on the knowledge
they have acquired.

The third stage: students carry out an analysis of the
weather parameter data they obtained during a weather
investigation. Students input data on Ms. Excel, then
creates a graph of the data. The resulting graph is used
by students to draw a conclusion from the results of their
investigation. Students deduce the average, maximum,
and minimum values of each weather parameter they
measure. At this stage, students learn to make graphs
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(Ballard et al., 2017) and interpret the meaning of the
project data presented in these graphs (Peter et al., 2021).
One student stated that he could understand how to
input data on Ms. Excel but he forgot how to make
graphs in Ms. Excel. This can happen because training in
making graphs with Ms. Excel is only done once without
repetition. Training on making graphs should be carried
out more than once so that students' skills in making
graphs can increase (Ballard et al., 2017).

The fourth stage: the "observing the clouds" mission
using the Globe Observer application. At this stage,
students are given a mission to observe clouds for two
consecutive days with their family members.
Observations can be made in the morning, afternoon or
evening. A total of 29 students successfully carried out
their mission, 10 students only observed clouds for one
day, while 3 other students did not observe clouds at all.
Obstacles faced by students who did not complete their
mission include: internet network and cellphone

conditions with errors.

e 2t N - \
e v S U !

el
Figure 3. Cloud observation activities with family members

Figure 3 shows the interaction between students
and their family members when observing clouds.
Students invite their mother or father or other family
members, then students teach their family members
about the Globe Observer application and how to
identify clouds.

KF: “I observe clouds with mom and dad. I taught them how
to use the globe observer application, I also taught them what
to observe. Until mom said that I was great, I already knew a
lot. So I feel proud to be said to be great with mom”.

The cloud observation data that students generate
will be stored in the Globe Observer application (Figure
4). Furthermore, students can send this data to NASA
(National Aeronautics and Space Administration)
because the Globe Observer application is a citizen
science application that has collaborated with NASA.
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Figure 4. (a) Examples of questions found in the Globe
Observer when students observe clouds; (b) Cloud
observation data that will be sent to NASA
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RF: “I'm happy and proud to be able to send data to NASA,
so when I'm observing the clouds I'm more careful”.

One of the special features of citizen science project
activities is the delivery of data or publication of data on
scientific or semi-scientific platforms (Schleicher, 2020).
The observation mission given to students in the citizen
science project, Weather-it, is to collect cloud data that
can be sent to NASA data. Contributing to NASA data
makes students feel happy and proud because the data
they get can be published and side by side with the data
produced by experts (Echeverria et al., 2021; Kermish-
Allen et al., 2019).

Fifth stage: presentation of weather investigation
results. Three groups of students made presentations for
25 minutes in front of scientists. However, the scientist
was not present directly at the student's presentation.
Scientists also listen to the course of student
presentations through the Zoom Meeting application.
However, the presentation continued to run smoothly.

RA: “I was nervous about presenting in front of scientists, but
now I know how to make a good presentation”.

KY: “So we know how to speak in front of the class especially
when there are scientists”.
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At this stage students learn to communicate with
others directly. Previous research has revealed that
itizen science projects can improve students'
communication  skills through publication or
presentation activities (Aristeidou et al., 2020; Ballard et
al., 2017; Kocman et al., 2020; Peter et al., 2021).

Based on the results of semi-structured interviews
with science teachers, the citizen science project,
Weather-it, can be part of the independent curriculum as
a learning project and can even be used as a project to
strengthen the Pancasila profile. Implementation is easy
and does not take too long.

Science teacher: “This project is great. Could be an annual
project”.

However, there are several things that need to be
considered, including: 1) schools have limitations in
inviting an expert/scientist to be involved in activities;
2) the citizen science project, weather-it, only focuses on
science subjects, while the project to strengthen the
Pancasila profile requires collaborating on several
subjects.

In this study, the activities designed only focused
on learning natural sciences. However, if we examine
more deeply the citizen science project, Weather-It, it is
rich in knowledge such as technology and informatics
(TIK) where students learn using Ms. Excel to process
data. Citizen science project, Weather-It, can also teach
Social Sciences (IPS) to students, namely during cloud
observation activities with family members. In that case,
they learn to convey something to their family members.
They are also cardinal directions, latitudes and
longitudes because when observing clouds using the
Globe Observer, they must determine the cardinal
directions, latitudes and longitudes. Apart from TIK and
IPS, students also study mathematics and English. They
gain mathematical knowledge from interpreting data in
the form of tables and graphs. As for English, they learn
through cloud observation because the language used in
the globe observer application is English. Thus, there are
actually many other subjects in the citizen science
project, Weather-It.

Students' Critical Thinking Skills

Overall critical thinking skills can be seen based on
the average pre-test and post-test scores. The maximum
score for critical thinking skills is 100 out of 11 essay
questions. Based on the data processing that has been
done, the overall average score of students' critical
thinking skills after carrying out the citizen science
project activities, Weather-it, has increased (Figure 5).
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Figure 5. The average value of the pre-test and post-test of all
indicators

Previous research has shown that project learning
provides significant results in improving critical
thinking skills (Hujjatusnaini et al., 2022; Mutakinati et
al., 2018). Critical thinking skills are high-level thinking
skills that are able to activate students' abilities to
identify problems, analyze, evaluate, and conclude
(Rahman et al., 2021). In this study used inquiry syntax.
The syntax reflects a scientific-based inquiry process as
the basis for learning activities. Through the application
of this model it provides a meaningful learning
experience to students (Wahyudiati, 2022). Students
carry out inquiries in citizen science activities, Weather-
it, which include experiences in identifying problems,
formulating goals and hypotheses, designing and
conducting independent experiments, and making
conclusions. The N-gain results for students' critical
thinking skills can be seen in Figure 6.

Figure 6 shows that the highest increase in students'
critical thinking is in the medium category. Meanwhile,
the number of students in the high category was more
than the low category. Students have the highest skills
on the indicator "ask and answer challenging questions"
before treatment while after treatment, the highest
indicator is "interact with others" (Figure 7). This is in
line with the results of the assessment of student
worksheets where students have a "good" skill level on
the interact with others indicator and the "adequate"
category on the on an action indicator. The lowest
students' critical thinking skills before treatment were in
the ‘"identify assumptions" indicator while after
treatment, namely "focus on questions" (Figure 7).

57.1

= I

28.6
Medium High
N-Gain Category

g 8

5

5 B

Percentage of Students (%)
W
Q

=]

Low

Figure 6. Analysis of critical thinking improvement based on
N-Gain score
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Figure 7. The average value of pre-test and post-test for each
indicator of critical thinking

Citizen science, Weather-it, provides student-
centered learning. Students are required to be
responsible, help each other, exchange opinions, ideas
and ideas and manage time at the investigation stage
(Fitriani et al., 2019). Through project activities, students
are invited to think critically about environmental
problems around them (Yusuf, 2022).

Conclusion

The citizen science project, Weather-it, can be
implemented as part of the independent curriculum
learning and can even be used as a project to strengthen
the Pancasila profile, provided that there is a need for
collaboration with other subjects. The benefits that
students feel by participating in the citizen science
project, Weather-it, include feeling proud and happy
during the field investigation process, gaining in-depth
knowledge about the weather, and gaining knowledge
about technology. In addition to the citizen science
project, Weather-it can also improve students' critical
thinking skills where students' post-test scores are
higher than pre-test scores. Most students, namely
51.7%, are in the medium category for the N-gain score,
which means that the increase in students' critical
thinking skills is at a moderate level.
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