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Abstract

This research aims to design effective global warming learning to build
environmental awareness for young people, especially facing issues in the
Sustainable Development Goals (SDGs). Learning effectiveness is measured
through the collaborative skills profile. Learning was designed by considering
several aspects, including previous learning, a literature study of global
warming, government policies, as well as sharing and jumping tasks. The
developed lesson design was tried out in grade ten of a senior high school in
Bandung, Indonesia. The learning process, both audio and video, during the trial
was recorded for further analysis. Audio/video were transcribed for analysis
applying collaborative skills indicator. It was found that global warming
learning was quite effective as indicated by the growth of 7 indicators of
collaborative skills in students. Students can build dialogue, respect each other,
work together, and care for each other. This research produced the lesson design
of global warming that is empirically validated to inspire teachers.

Keywords: Collaborative skills, Environmental awareness, Global warming,
Sharing and jumping tasks.
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1. Introduction

Global warming, a phenomenon of grave concern, is a direct consequence of human
activities. This becomes main concerns since the world opens issues in the
Sustainable Development Goals (SDGs). This global warming phenomenon has
reached attention for researchers in many aspects, especially relates to climate
change [1-7]. The primary culprits are the burning of fossil fuels (petroleum, coal,
etc.) and the ongoing deforestation, which is traced back to the Industrial
Revolution [8]. These activities significantly contribute to the increase in
greenhouse gas concentrations, particularly CO,, which is the main driver of global
warming and climate change [9].

According to Indonesian statistics, one of the causes of carbon dioxide
emissions is the burning of motor vehicle fuel. Therefore, many studies on fuel,
including fuel alternatives and ignition improvements, have been well reported [10-
13]. In the past ten years, the development of motorcycles in Indonesia has grown
significantly; In 2012 there were 76,381,183 motorcycles and in 2022 there were
125,767,349 motorcycles. Approximately one million more automobiles that run
on fossil fuels are added every year; in 2012, there were 10,432,259 cars, and the
study shows that there are 17,175,6220 cars. According to the recently released
study "Climate Change in the Mind of Indonesia," conducted by the Yale Program
on Climate Change Communication (YPCCC) in partnership with Development
Dialogue Asia, Communication for Change, and Kantar Indonesia, 76% of
Indonesians surveyed said they know "somewhat" (55%) about global warming,
while 20% have never heard of it. A lot of people are aware, the weather in their
area varies. But in order to comprehend why these changes are occurring, they lack
an understanding of climate change.

Indonesia reported to the UN in 2022 with plans to surpass the targets of the
Paris agreement by reducing emissions by roughly 43% with international
assistance and by further prioritizing the development of sustainable energy
sources. Environmental awareness is fostered in high school chemistry classes by
discussing themes such as climate change and global warming. The Ministry of
Education, Culture, and Technology has supported reducing carbon emissions by
emphasizing the school curriculum. This policy supports Education for Sustainable
Development (ESD) [14]. ESD is the hottest subjects recently, increasing attention
of researchers in many aspects [15-18].

To reach the goal, a teaching learning sequence could be useful as a reference
for creating a lesson design. It includes all important concepts about global
warming, their learning sequence, and the relationship between all of the concepts.
These concept maps and sequences are the results of the re-personalization and re-
contextualization process, which is important as a basis for developing sharing and
jumping task designs.

We interested in researching how to teach global warming effectively to senior
high students. The concept map and sequence of global warming topics is used for
development of lesson design. Sharing tasks and jumping tasks is applied to
promote collaborative learning. Through this research, students are also expected
to be able to have more empathy towards the environment and find out the solutions
to this environmental problem using the three pillars of ESD. The novelties of this
study are (i) promoting environmental awareness, (ii) ESD-oriented, (iii) sharing
and jumping task based lesson design, and (iv) collaborative based learning.
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2.Global Warming and Its Learning
2.1. Global warming

About half of the sun’s radiation energy reach the Earth. However, radiation also
absorbs, reflects, and even leaves the atmosphere. Particulates, clouds, or gases
cause this in the atmosphere. When the radiation is absorbed, the energy does not
damage the covalent bonds but change the direction of rotational movement or
vibration of the molecules. Infrared light cannot be absorbed by monoatomic
molecules. The molecule must undergo a corresponding change in dipole moment
due to the absorption of radiation. This cycle led to global warming human
activities have accumulated over several decades accelerate it [19]. Figure 1
explains mechanism of the natural and human enhanced greenhouse effect.

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

into spa(e' H into space

Fig. 1. Greenhouse effect mechanism that causes global warming (adopted
from https://carbonconnections.bscs.org/unit-1/1.3-carbon-forcing/)
Retrieved on June 2024.

The rise in sea level is one of the most important consequences of climate
change. It has attracted worldwide attention, especially in low-lying areas and also
on small islands, where there is a risk of their area decrease due to erosion. The
situations mentioned result in the people in the area having to relocate to different
areas [20].

Transport and infrastructure in nations like Canada, particularly in the north,
are built to withstand various kinds of ice and snow. If climate change materializes,
the area will face economic challenges [21].

The environment impacts body temperature, and it adjusts accordingly. The
human population is seriously threatened by the rise in global temperature brought
on by global warming. More people die in America from extreme heat than from
other weather-related disasters. Excessive heat can cause heat stroke and
dehydration and exacerbate pre-existing medical conditions like respiratory and
cardiovascular disorders [22]. Figure 2 shows the global warming impact.
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Fig. 2. Global warming impact (adopted from
https://fvegeography.wordpress.com/the-restless-
atmosphere/greenhouse-effect-global-warming/) Retrieved on June 2024.

B

Global warming has a serious impact on human survival. The campaign on
the issue of global warming must be of concern to all parties, especially in
education at all levels. The issue of global warming for students to address
includes understanding the phenomenon through investigation and applying it in
everyday life.

2.2.The 21* century skills

Students need to have 21% century skills [23, 24]. It includes creativity,
communication, collaboration and critical thinking skills [25]. One of the abilities
required of students to fulfil Pancasila's high ideals is collaboration. Collaborative
skills are the capacity to engage in any activity that fosters relationships with others,
respects those relationships, and functions as a team to accomplish a shared
objective [26]. These skills are related to a social constructionist theory called the
Zone of Proximal Development (ZPD). This theory explains the help of other more
capable people, students do and understand more things. This theory was presented
by Vygotsky, who found the cognitive development of students is influenced not
only by teachers, but also by communication with peers [27]. If cooperative skills
are sufficient, classroom learning is no longer teacher-centred because students
interact a lot with other students, while the teacher becomes only a facilitator [28].

For collaborative skills to emerge in students, learning designs are needed help
students to improve understanding, critical thinking skills, interpersonal
relationship skills, and good attitudes during learning [29]. To bring out
collaborative skills in students, learning material should challenge students is very
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important, so it encourages students to think, communicate, and collaborate.
Massaki in Asari [30] explains when students face a challenging problem, students
exchange opinions with each other collaboratively, this indicates the problem given
by the teacher is responded to by students critically and they will try very hard to
solve the problem. Indicators of collaborative skills are needed to find out how
much students produce activities are included in collaborative skills. The following
are collaborative skills indicators: (i) asking friends/teachers when they do not
understand, (ii) being able to speak or argue, (iii) appreciating and respecting the
opinions of others, (iv) working together to solve the problems, (v) show concern
for friends, (vi) being able to guide others to achieve goals, and (vii) uses problem-
solving skills for goal completion.

Collaborative learning should not only be about facts but also they already
know (sharing task), but also require challenges (jumping task). Before taking the
Jumping task, students must prepare the foundation of necessary knowledge. More
broadly, a sharing task is a learning activity using problems are predicted to be
solved directly by students, while a jumping task is a learning activity using
problems for students to solve with high-level thinking abilities [31]. High-level
abilities are very important in learning chemistry.

2.3. Lesson design

Lesson design is the main reference in every problem formulation and
implementation of learning for teachers. In this research, lesson design was
developed which is a didactical design to help teachers analyse students’ learning
obstacles [32]. Didactical design is a design created by the teacher before teaching
based on the analysis carried out.

In a lesson design, one of the things must be present is the rationalization of
choosing a learning approach or strategy [33]. In selecting learning strategies,
teachers must adapt to the values or competencies in the curriculum. Currently, in
Indonesia, the Merrdeka curriculum and 2013 curriculum require student-centred
learning and meet 21%-century competencies. One of the competencies emphasized
in both curricula is students’ collaborative abilities. This competency is stated in
the Pancasila Student Profile in the Merdeka curriculum. The lesson design
included the learning strategy of sharing and jumping tasks. This strategy trigger
collaborative learning because some tasks or exercises stimulate students’ thinking,
communicating, and collaborating abilities.

Tasks or problems trigger student collaboration are important because they
stimulate students’ thinking, communicating, and collaborating abilities. To be able
to create a collaborative atmosphere in learning, the teacher is a facilitator whose
role is to guide students to solve the tasks or problems given. The teachers must be
creative to adjust the tasks or problems, so students feel capable, challenged, and
think hard in their group discussions. To make it easier for teachers to achieve this,
Sato in Hobri et al. [34] divides tasks or problems into two types sharing and
jumping tasks. Sharing tasks are tasks or problems for all level students’ abilities
or almost all students solve. Sharing tasks aims to sharpen students’ analysis both
individually and in groups [35] while jumping tasks are tasks or problems have a
level far above students’ abilities or not all students solve them, so they challenge
students and trigger the emergence of students’ collaborative skills.
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2.4.Zone of proximal development

Collaborative skills are important for students need to have. In addition to
curriculum demands, collaborative skills have an impact on student development.
When students are guided by teachers or collaborate with more capable friends,
students are in a state of exceeds their level of ability or knowledge when working
independently. The distance between independent and collaborative student
abilities is called the Zone of Proximal Development (ZPD) [36].

3.Method

The first stage was planning the research. The focus was designing the challenging
lesson on global warming by reviewing the lesson plan of global warming that was
previously implemented, interviewing chemistry teachers to get insight,
conducting a literature review to re-personalize and re-contextualize, and
observing student learning by chemistry teachers. Then we predicted student
responses and their anticipation, prepared concept maps and sharing-jumping
tasks, and prepared student worksheets which are packaged in a lesson design. The
next stage was implementing the developed lesson design by a prospective teacher
in grade ten. While other teachers collect the data by observing and recording the
student’s learning. The last stage was verification and improvement. A
collaboration indicator was applied for the verification of student learning on
global warming. The product of this research was edited/empirical lesson design
for next lessons. The detail of research flow is shown in Fig. 3. This procedure
was carried out in a Senior Secondary School in Bandung, Indonesia.
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Fig. 3. Research flow.
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4.Results and Discussion

4.1. Lesson preparation: Didactical situation analysis before learning
(Reflection for action)

The lesson plan for global warming that implemented previously consists of 14
pages including (i) general information about global warming, (ii) core
competency, and (iii) attachments. According to the lesson plan, discovery learning
was applied as a learning model for 180 minutes of meetings in the first semester
0f 2023. The core competency section outlines the learning stages. However, these
stages only explain what the teacher must do at a certain time, there is no
anticipation of what the students will answer or do.

The previous learning was about the Basic Law of Chemistry to Stoichiometry.
At the beginning of learning, students focused on the teacher who was explaining.
However, after some time, some students seemed to lose interest in what the teacher
was saying. Some students also played with their mobile phones or discussed things
with friends had nothing to do with the learning materials. The anticipation of the
teacher to restore students’ focus or interest in their learning was asking questions.
For some students, this could not work because there were students who were
unwilling or unable to answer, thereby hindering learning. Delivery of lesson
materials through lectures causes students to be less interested.

The online interview between the researcher and teacher was done to get
information on the global warming lesson. Table 1 shows the questions and the
answers between the researcher and the teacher.

Table 1. Online interview.

Researcher

Teacher

How do you usually teach about
global warming?

What learning strategies are
usually used in the global
warming learning process?

What concepts do students learn
in global warming materials?

What was the role of students and
the efforts made to ensure
students remain active during the
learning process on the topic of
global warming?

Were there any difficulties
experienced by students in the
process of learning the topic of
global warming?

How did you overcome the
difficulties faced by students
during the learning process?

Differentiated learning and teachers as facilitators

Learning method was discussed; Learning media: (i) printed
media official chemistry book by the Indonesian Government, (ii)
articles, (iii) worksheet; 180 minutes for two meetings in the first
semester on second and third weeks of October 2022

(1) Understanding global warming, (ii) causes of global warming,
(iii) how to measure global warming, (iv) climate change, (v)
impact of global warming, control global warming, the impact of
global warming in Indonesia

Students were enthusiastic. Communication took place not only
from student to teacher or vice versa, but also from student to
student. Students already know during the discussion an
activeness evaluation is carried out.

Limited internet network to find references. Meanwhile, the

school’s internet connection was slow.

Through discussion, groups could help each other so they could
overcome these difficulties

Before designing the challenging lesson, we conducted a literature review to re-
identify and contextualize the global warming content. By now, information had

Journal of Engineering Science and Technology
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been gathered from a variety of literary sources via search engines like Google
Scholar, Springer, Elsevier, etc. For additional research, ten literature sources were
consulted. The following sources are categorized by type: Literature is denoted by
codes BK1 and BK2, and journal articles are denoted by codes R1-RS8. Table 2
contains a list of literature sources.

Table 2. List of literature sources.

Title Year Author Code
Environmental Chemistry 9" Edition 2010 Stanley E. BK1
Manahan

Principles of Environmental Chemistry 3%

2013 James E. Girard BK2

Edition
Greenhouse Gases, Radiative Forcing, Global Charlotte
Warming Potential and Waste Management - an 2009 R1
. Scheutz, et al..
Introduction
World Greenhouse Gas Emissions in 2005 2009 Tim Herzog R2
Greenhouse Effect: Greenhouse Gases and Their Dgrkwah
Impact on Global Warmin 2017 Williams R3
P & Kweku, et al..
Sea-level rise caused by climate change and its 2013 Nobuo R4
implications for society MIMURA
Implications of Climate Change for Economic Terrv D. Prowse
Development in Northern Canada: Energy, 2009 Ty . TTOWSe, RS
) etal..

Resource, and Transportation Sectors
Social and economic impacts of climate change Relbsess Grsaee
on 2011 ot al R6
the urban environment v
Reduction of CO2 to Chemicals and Fuels: A 2018 Sebastian C. R7
Solution to Global Warming and Energy Crisis Peter
Global warming threatens human Rexford S.

. . 2020 . R8
thermoregulation and survival Ahima

Table 3 shows the results of the review of ten literature sources. Seven
discussions on global warming learning are included in the table.

Table 3. Summary of the results of the literature review.

Content

Analysis results

Natural
Occurrence of
Greenhouse
Gasses in The
Atmosphere

Greenhouse
Gases Are
Produced by
Human Activity

Electromagnetic
Radiation and

Journal of Engineering Science and Technology

Sulfur, nitrogen, and carbon dioxide gases are essential atmospheric substances.
Compared to any other gases, CO: is the most abundant. COz is necessary for plant
photosynthesis [BK2]. COz also plays a vital role in keeping the Earth warm.
Naturally, the atmosphere can be analogous to a blanket to warm and shield the planet
from outside dangers including ultraviolet radiation [BK2]. Gases such as CO2 and
water vapor play a role in warming the troposphere because these two gases can
absorb the results of reradiation in the form of infrared and reradiate [BK 1]. However,
if the concentration of this gas continues to increase at its current level, adding two
ppm per year, global warming will quickly occur and damage the climate [BK1].

Gases that contribute to the greenhouse effect in the atmosphere are known as
greenhouse gases. While gases like COz, CH4, N20O, and halogenated
hydrocarbons could be found in nature. On the other hand, anthropogenic
greenhouse gases are greenhouse gases produced by people [BK2]. Activities
such as deforestation or using fossil fuel-powered vehicles emit these gases.

Convection and conduction carry less than 1% of the sun's energy to Earth. The
remaining 99% are caused by radiation. This solar energy manifests as
electromagnetic radiation, which is separated by wavelength and can take several

June 2024, Vol. 19(3)
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Content

Analysis results

Greenhouse Gas
Absorption of It

The Greenhouse

Effect

Global Warming
Potential

Global Warming
Impacts

Solution

forms, such as heat, UV light, radio waves, and visible light [BK1 and BK2].
Earth receives around half of the solar radiation. While some of them reach the
Earth's surface directly, others are dispersed or reflected [R1] by gasses, clouds,
or other elements in the atmosphere. A portion of this energy is instantly
absorbed or reflected by the atmosphere, and after some time, it is released again
as infrared [BK1 and BK2]. Once the electromagnetic radiation transforms into
infrared radiation, it does not immediately leave the atmosphere. This is because
it is reabsorbed by certain gases, which we refer to as greenhouse gases [R1].
When these gases absorb the radiation, the energy does not damage their
covalent bonds. Instead, it alters the direction of their rotational movement or
vibration. It is important, monoatomic molecules are unable to absorb infrared
radiation. A molecule must experience a matching change in dipole moment as
aresult of vibration or rotation in order to absorb it [R1]. Diatomic or polyatomic
molecules, on the other hand, have dipole moments and vibrate or rotate when
they absorb infrared light [BK2].

The greenhouse effect is why the atmosphere is a blanket covering the earth. In
the atmosphere, especially in the stratosphere, greenhouse gases absorb infrared
radiation. After the infrared radiation is absorbed, it is reradiated, then re-
absorbed by greenhouse gases, and create a chain reaction. This is the reason
why the stratosphere has an average temperature of 18°C. The average
temperature of the world would most likely drop to -15°C if this mechanism had
not happened [BK1, BK2 and R2]. But when greenhouse gases -especially CO2
- increase, the planet will suffer global warming, which has already happened.
[BK1].

The term "radiative forcing" (RF) is frequently used to describe the extent of
variations in the average radiation in the tropopause, the outermost region of the
troposphere [R1]. However, its use of greenhouse gases is easier to understand.
The forcing caused by increasing greenhouse gas concentration depends on the
characteristics of each gas, the amount of its concentration in the atmosphere,
the temperature profile and thickness of the atmosphere, the lifetime in the
atmosphere, and its relationship with available clouds [R1]. GWP is a measure
of how much each greenhouse gas contributes to global warming, representing
the RF value in a period (for example, 100 years) in mass units (1 kg), which is
relative to CO2 [R1]

Environment: The consequences of rising sea levels, a critical impact of climate
change, are far-reaching. Particularly in areas with low altitudes and small
islands, the risk of land erosion is high, leading to the potential shrinkage of these
areas. In turn, this forces the population to migrate to other regions or countries,
underlining the seriousness of the problem [R4].

Economy: Infrastructure and transportation systems in nations like Canada,
particularly in their northern areas, are built with special features to handle
various kinds of snow and ice. Should climate change materialize, it will provide
an economic challenge for the area [R5].

Socio-cultural: The environment influences body temperature and changes
appropriately. A significant hazard to humanity is the rise in global temperature
brought on by global warming. More people die in America from severe heat
than from any other weather-related calamity. [R8].

The increase in greenhouse gases, particularly COz, is the main driver of global
warming. This change in radiative forcing value is causing geothermal heat to rise
to its normal limit [R1]. It is important, CO2 gas is the root cause of this problem
[BK1, BK2, and R1]. However, there is hope. The best way to address this global
issue is to cut back on human-caused CO> emissions and work toward a net zero
level. This is a measurable and doable objective [R7].
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Based on the results of the literature review in Table 3, we structured it to see
the patterns of relationships and interactions and then expressed it in the form of a
concept and sequence map in Fig. 4.

On the concept and sequence map, we made 9 small circles connected by lines
to understand the topic of global warming. From one small circle to another we
designed questions. The first question to connect circles 1 and 2: “Is there a
connection between global warming and natural or human activity?”. We predicted
the student response: “Global warming occurs due to activities both from nature
and humans”. The questions and predicted student responses are summarized in
Table 4. Questions and predictions of student responses on the consequence map
are materials that will be considered in developing lesson design.

The phenomenan of ice Projection is that Jakaarta will
melting in Puncak Java. sink in 2100 /
= L | | | |

™

Formation of Greenhouse/ | Sothat the earth’s

temperature increases

Global  Warming
Potential (GWP) is
2 measure of how
much each

T % HEd I I I I
1 J~°

global  warming

relative COz

T

Global warming
Greenhouse Effect
el
‘ 1 Average global warming based on the
° @l el i source of its influence (US Envirenmental

| Protection Agency, 2023)

Reducing the amount of greenhouse gases from human activities

Fig. 4. Concept and sequence map.

Table 4. Questions and predictions
of student responses on the consequence map.

Relationship Questions (teacher
between circles  anticipation)

Is there a connection
between global warming

Student response prediction

Global warming occurs due to

1 and 2 activities both from nature and
and natural or human
.. humans.
activity?
Human activities: driving using
Which natural and human-  gasoline, fossil energy sources, waste
2 and 3 caused processes lead to management.
global warming? Natural activities: water vapor in the
air, respiration of living things.
What chemical products
3 and 4 result from these CO2, CHa, H20, CO, NOx, SOx, and

activities? CFC.

To what extent does each .
A measurement of the impact of
of  these substances

4 and 5 greenhouse gases on global warming

contrlbuts to global o oiled the global warming potential.
warming?
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Relationship Questions (teacher

between circles  anticipation) Student response prediction

The earth reflects solar energy back to

What is the process of space, where it is absorbed by COz in

chemicals resulting from

5and 6 R the atmosphere. This causes the CO2
human activities in global - .
warming? molecule to vibrate or rotate, which
’ raises the earth's temperature.
Considering these
chemical reactions, which .
. COz because it causes a greenhouse
6 and 5 molecule is most effect
responsible for global '
warming?
S and 7 From where these Human activities, for example, the use
substances originate? of fossil fuels for motorized vehicles.
The environment, economy, and social
6 and 8 WL ERE T iy culture—the three pillars of ESD—are

ing?
3y Glsiosl gt all impacted by global warming.

. . in reenh as emissions are a
What is the solution to S. ce greenfiouse gas cmissions are
8and 9 . direct result of human activity, we
global warming? ) L
must restrict these activities.

4.2.Lesson Design

Lesson design is an adjustable guideline for teachers to improve student learning
during the learning process. Lesson design allows teachers to adapt for learning
improvement based on reflection during the learning process according to the class
situation. To develop a lesson design, teachers must imagine what will happen to
our class. In this case, we developed questions and student responses regarding
global warming based on the above consequence map which is arranged on a sheet
of paper to trigger student learning. These questions are intended as sharing tasks
to cover content from the textbook and jumping tasks are more challenging
problems beyond the textbook. We hope all students solve the problems through
sharing among them. The developed lesson design for global warming topic is
shown in Fig. 5.

The lesson design in Fig. 5 consists of 8 columns, each column has a question
at the top and an arrow connecting the student’s response prediction at the bottom.
The first column contains jumping tasks, “Why is the ice at Puncak Jaya melting
and Jakarta is predicted to sink in 2100? Columns 2 to column 7 contain sharing
tasks as teacher assistance in the form of scaffolding. The last column contains the
second jumping task, “How does human activity influence global warming?”, so
students continue to think. The curve line connecting the bottom left corner and the
top right corner depicts the student’s learning trajectory.

The lesson design was tried out at grade ten 10 of a senior secondary school in
Bandung city. Thirty-six students were grouped into 6 groups of six students
randomly. The teacher distributed worksheets containing questions to guide
students in group work in 90 minutes. The learning process was recorded via
audio/video recorder, then the recording was transcribed for further analysis based
on collaboration skills indicators.

The collaborative skills profile is shown in Fig. 6. Figure 6 shows all indicators
of collaborative skills developed in research targets, senior high school students on
the topic of global warming.
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Collaborative Skill Indicators

Fig. 6. Student’s collaborative skill profile.

Based on Fig. 6, the second indicator of collaborative skill, “Being able to speak
or argue”, is the most developed while the seventh indicator of collaborative skill,
is the least developed. This is because students were given many challenging
problems to discuss in the groups. However, students are not used to solve problems
as seen in indicator number seven in Fig. 6 which is the lowest.

Collaboration skills indicators: (i) asking friends/teacher when they do not
understand, (ii) being able to speak or argue, (iii) appreciating and respecting the
opinions of others, (iv) working together to solve problems, (v) show concern for
friends, (vi) being able to guide others to achieve goals, and (vii) uses problem-
solving skills for goal completion.
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The most common collaboration indicator after (ii) is indicator (i), “asking
friends or teacher when they do not understand”. Indeed, indicators (i) and (ii) are
very related so this causes dialogue among students. Figure 7 shows an example of

students asking their friends to understand.

Student

Conversation

s4

"So, it affects humans, right?"

52

"No. because human activities regarding global warming "

53

"Human activity has a big influence on global warming
because.. Because humans produce CO2"

52

"So. it is because of global warming "

53

Yes, so, both events were caused by global warming, Well,
the main problem is the temperature is increasing. So, it melts
the ice. Becanse of this. volume of the water on earth
increases and the land becomes more narrow."

Fig. 7. Example conversations of students ask their friends.

Figure 8 is an example of student conversation falls into the collaborative
indicator (iii), namely respect. We can see the students respect each other opinion.

Student

Conversation

S1

"So what are the words should we write?"

52

"From global warimng and greenhouse effect'?"

S3

"Can this be the answer?"

4

"No, 'because it (greenhouse gas) abosrbs too much™

52

"Awesome, right? Continue to be absorbed back into the
earth?"

51

"If we have a greenhouse effect, the erarth absorbs it
(radiation) less effectively, vou know?"

52

"Oh, I see”

Fig. 8. Example conversations of students respect each other opinion.

An example of a conversation indicates the emergence of the collaborative
indicator (iv), namely, working together. Figure 9 shows an example of students

working together to find a solution.

Student Conversation
“Well, why is there less and less? If we look at the graph, we
S3  |[see if the earth’s temperature increases, the snow
automatically melts. First like this, first sunlight is emitted..™
S2  |“This first? It says “First . "7
S3  |“Ttis okay™
52  |[FAtfirst. T
s3 “Well, so initially the sun’s ray was emitted to the earth. So

these poles reflect some of the light comes to earth ™

Fig. 9. Example conversations of students that are working together.
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The fifth collaborative indicator shows concern for friends who are in trouble.
This is characterized by students showing empathy towards their friends or
encouraging their friends to play an active role in learning. The following is an
example of a conversation according to indicator number five.

S3: “Let’s answer it”

S3: “Who wants to look into the economic aspects?”’

The sixth collaborative indicator is being able to guide other people to achieve
common goals. The emergence of this indicator during learning occurred only 10%
of the total. Of the five groups, only group three and group five seemed consistent
in generating this indicator. The other three groups showed indicators of being able
to guide other people only at the beginning of learning. This is understandable
because some students need help from others from the beginning.

This study adds new information in science education, especially in chemistry
education as reported elsewhere [37-42], bringing new ideas for improving
teaching and learning process.

5.Conclusion
Based on the results of the discussion, the following conclusions are as follows:

e The results of learning documents, interviews with teachers, learning
observations as well as the re-personalization and re-contextualization process
carried out through the study stages of material about global warming from
various literature resources are very useful in creating learning designs.

o Lesson design on the topic of ESD-oriented global warming containing sharing
task and jumping task problems, student response predictions, and teacher
anticipations have been created and tried out in a real classroom.

e The results of trying out the lesson design sharing and jumping tasks on the
ESD-oriented topic of global warming show that students’ collaborative skills
emerged well.
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