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Statement of the problem

Systerns thinking
(Sweenay & Sterman, 2000; 200

]

Explicit instruction for
scinntific thinking and
problem-solving siills

{Porter, 2008)
Individuals’ challengs in
@ compeehending complex issues
{Sweenay & Sterman, 2000)
Complex and dynamic
soclo-envireamental problems
{IPCC, 2021)

N,

Today we will present our findings on
“Environmental Education with Systems
Thinking and the World Climate Game Project”
to you.

The project was supported by the United
Nations Development Programme (UNDP) and
developed by the Systems Thinking Association
in Turkey, a research university, and a middle
school partnership.

Here, you can see our presentation outline. | will
start from presenting problem that we addressed
in this project. Then, | will present the purpose of
the project, participants, description of our
project and the outcomes.

In recent years, the world has been dealing with
many serious and complex problems such as
climate change and health problems like
COVID-19. However, people have difficulty in
coping with these complex systems.

Systems thinking is recognized as crucial to
understanding climate science and coping with
climate change which requires the
understanding of complex and dynamic
systems.

Comprehending how climate systems work and
its complexity, it requires examining the whole
system with stock and flow structures, various
feedback processes, linear and nonlinear
relationships among components, and time
delays. Therefore, it is important to integrate the
system thinking approach to climate change
education.



Systems thinking

System thinking is defined in various ways in the literature

Jay Forrestor {1954) and al o

“Systom
systoms” (p. 281)
Swneney & Sterman (2000)

“Ability o assess and reprasent dynamic complexity”
lp-2)

Maadow (2008} “Systems thinking goes back and forth constantly betwoen stnsciurn
{Sagrams of stocks, fiows, and feedback) and behawior {time graphsl”  (p.
am

“A system of synespistic analytic skiis used 1o improve the capabisty of
isentéying and understanding syssems. prodicing Mor bohavion, and
devising modifications In them in onder 10 produce dosired effects” (9. 676)

Armcid & Wade (2015)

Systems thinking & K12 education

provides & holistic and dynamic approach 1o leaming that focuses on the
intaractions and relationships Bmong components Inside complax systems

includes the sysiem ihinking abilities required to addrass the complax
problems such as climate change and health probiems.

uses simulations and compuler-based models fo represent
complicated connections betwaen varabies

waires the softwarn (5uctural Thinking Exparsnal Liming

STELLA
Labanstony with Animation) i halp for the understanding of the.
rolatiorship betwesn the system's process and its stuctures

hamt . D, 8 B2 At .
2008, Bwrey & Swra
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Purpose of the project

As a first in Turkey, for the solution of problems in the field of climate change
it is aimed to provide to students;

« a learning experience where they can understand the structure anc
functioning of the climate system,

* a simulation environment where they can take a decision-making
position in line with the proposed policies.

= What is the impact of the project interventions on students' attitude
and Intention to take action towards climate change?

Here, we can see the various system thinking
definitions in the literature. Jay Forrester, one of
the pioneers of system thinking, defines system
thinking as making reliable inferences about
behavior by developing an increasingly deep
understanding of underlying structure. Sweeney
and Sterman, on the other hand, focused on the
ability to assess and represent dynamic
complexity. Meadows focused on the use of
systems thinking tools and Arnold and Wade
focused on the use of systems thinking skills.

System thinking as a teaching method is being
pioneered in many K-12 education and studies.

The system thinking approach provides a holistic
and dynamic approach to learning that focuses
on the interactions and relationships among
components in complex systems at various
levels.

System dynamics, which was found on the
concept of change, uses simulations and
computer-based models to represent
complicated connections between variables.

The software STELLA helps with the
understanding of the relationship between the
system's process and its structures.

STELLA models helps us to see the
relationships between the variables.

The purpose of our project was to provide
students;

e a learning experience where they can
understand the structure and functioning of
the climate system,

e a simulation environment where they can
take a decision-making position in line with
the proposed policies.

We would like to explore the impact of the
project interventions on students’ attitude and
intention to take action towards climate change.



Participants

»  Nineteen Eth grade students

»  Chmate change is in the curriculm

= Some have prior knowledge about ESD
» Implemertad as an aler school activity

* Oniling & face-to-face.

Project Timeline (September - December 2021)

Introduction 1o project

Determining of the participants &
Pre-test

Stage 1-
Populaton, Econcry and Emissions

Stage 2 -
World Cimate Simutation Gama

Stago 3-
Casbon Cycla & Enargy Scluicns
Post-tast

Evaluating the findings.
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Project Overview

World Cimade Simulation Game

Septembar

Detobar Novembse Drecnrmi

= Henw doss the werld population changs aver ma? How o

sl population batavior?

*  What is the relaticnship betwesn consumption and GDP?
®  What causes emissions? How do the emissions change

ovar tima?

= How doss the UN cimate change negoSiaions work?
®  How o studonts reflect on e exporence in the

semulation game about climate actions and global
aguity?

®  What hoppened to carbon cycle after the industrial

reveohion?

* Howeo h by stopping

®  What 1o consider ko offer o solution?

Our participants consisted of a total of nineteen
students, six of them were male and 13 were
female. All of the students are in the eighth
grade, volunteered to participate in this study.
Some of them have prior knowledge about the
systems thinking approach. This study was
implemented online and face to face after school
hours.

In September 2021, we had our initial meeting
with the students. Then, we determined our
participants among those who volunteered and
implemented our pre-test.

Then, we started with Population, Economy and

Emissions models in Stage 1 and continued with
World Climate Simulation Game Carbon Cycle &
Energy Solutions in Stage 2 &3 from October to

the end of November.

We implemented our Post-test in December and
started the evaluation of the findings.

The project included three stages:

The first stage was a preparation step for the
World Climate Simulation Game. Here, we
aimed to discuss world population change over
time and the mechanism behind it. Also, we
looked at the production-consumption cycle and
drew relations between countries’ GDP, wealth,
and consumption. Lastly, we put an emphasis on
different countries’ contributions to emissions.

In the second stage, by playing the world climate
simulation game, we aimed students to
experience how UN climate change negotiations
work. We were also interested to see how do
students reflect on their experiences in the
simulation game about climate actions and
global equity.

In the last stage, we aimed to dig deeper into the
climate change problem and raise students’
scientific knowledge on climate dynamics. We
examined the carbon cycle before and after the
industrial revolution. We looked at how the
greenhouse effect stops the earth’s cooling. And
lastly, we run sessions to discuss the possible
solutions.



10 In each session, we followed a lesson structure
Project Overview - flow of each session that starts with an engagement activity,
continues with exploration, and ends with an
Engogoment {~ 10 min. L LR LT evaluation. For the engagement part, we used
"""" different videos on climate change & climate
politics as well as interactive applications like
H Kahoot. For the exploration, we used the
stock-flow diagrams and behavior over time
. & graphs on Stella Online. For the evaluation, we
;’ﬂ?_ created either worksheets specific to the
session’s topic or used reflection applications
like Padlet.

Now, we will have a closer look into the models
and applications that we used in each stage.

11 To understand the behavior of the population
Project Overview over time, we started with a simple stock-flow
S — | mmeratonMedel | diagram. Here, the death fraction is fixed for
i ~__— each country on the model, however, the initial
- g value for the population and birth fraction are
— - - adjustable.

{ Students tried to form a population graph that
------ looks like the actual population graph.
(Click) Not only birth and death but also
Immigration is needed to be considered for the
population dynamics. Students explored
immigration behavior for different countries.

- Usually, students in middle school discuss
the consequences of climate change in terms
of biodiversity and sea-level rise; however,
they are not enough acknowledged about the
effects of climate change on daily human life
and politics.

- Here, we also took their attention to the term
“climate refugees”.

12 To give a basic understanding of the economy,
Project Overview TR we used a stock-flow diagram that shows the
0] Fopieonccmomymd P production-consumption cycle. We mentioned

Sy _ GDP here as equal to consumption. This means
e ) “ w w = = thata country with higher GDP also has a higher

2 / ‘- .. consumption.

o - We connected the population model here to

— = introduce the term “wealth”. Students compared
= different countries and discussed how two
countries can have the same economic growth

but not the same wealth.
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Project Overview

compartng
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Project Overview

World Climate Simulation

C-ROADS: Climate Rapid Dverview and Decision Suppen simulatse
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Project Overview

Cartion Cycle, Grednhouse Effied]
& Enesgy Solubions

03
Evten T
Carbon Cycle

Behavior of Atmospheric
Carbon Dioxide over time

What happened?
How did it affect?

= before industrial revolution + after industrial revolution
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Project Overview

Carbon Cyclo, Greenhouse Effe
& Enargy Sohutions

A3
U3

At the end of this stage, we showed a graph to
have students’ attention on the non-linear
increase in CO2 emissions. Then we discussed
the reason for this behavior by using the same
stock-flow diagram we used earlier.

Each of the flows in the production-consumption
cycle contributes to the CO2 emissions. Here,
our main point was to show that every action
such as transportation or shopping produces
CO2.

We played the World Climate Simulation Game
that was developed by Climate Interactive, the
MIT Sloan Sustainability Initiative, and the
UMass Lowell Climate Change Initiative.

14 Itis a group role playing simulation of the
— international climate change negotiations. The

game provides participants the chance to
explore the risks of climate change and the

. challenges of negotiating international

agreements to reduce greenhouse gas
emissions. We played the six group version of
the game, in an online environment and took
approximately four hours.

After the World Climate Simulation Game, we
started the carbon cycle module with the
behavior of atmospheric carbon dioxide over
time. As you can see, there is a significant
difference in carbon emissions (click) before the
industrial revolution and (click) after.

Here, we discussed (click) what happened here
and how it affected the carbon cycle.

To better understand the increase in
atmospheric carbon dioxide, we looked at the
carbon stores in the Earth. To do this, together
with students, we created a stock-flow diagram
of the carbon cycle. This model shows the
carbon cycle before the industrial revolution.
Here, there is no human impact on the system.



17 Here, you see the same model with human

impact. Using this model, we aimed to show that

Project Overview human activities speed up the flow from deep

Gz [Pttt uinadieg soil carbon to atmospheric carbon. As a result,

— the amount of carbon in the atmosphere is
constantly increasing.

=1 s N | "~ After this session, we discussed why an
"' ; / increase in atmospheric carbon is an event that
I we emphasize all the time. This took us to the

—meeenenees 1OPIC “greenhouse effect” and “global warming”.

Carton bn Atmorphase [ppe]

18 This was the model that we aimed to understand
at the end of the session. Here, you can see that
| ... the greenhouse effect prevents cooling. To give
— 7 this idea, we designed an insulation experiment
o L in which students looked at the effect of putting a
S o : lid over a cup with hot water. In addition, to
better understand the model we included some
: exercises on how different converters affect the
l - flow and consequently the stock.

Project Overview

Experiment

19 EN-Roads is a freely online simulator that
provides the public with the ability to test and
Froject Overview explore climate solutions. This simulator is very
P effective when used in group learning
experinece. In that work, students decided the
factors that increase the CO2 emissions and
worked on decresing those effects. They created
— a scenario that successfully addresses climate
A #= == change while considering implications across
e the economy, environment, and society.
Thus, students can quickly see the long-term
effects of the global climate policies and actions
they imagine.

20 Initial project results revealed that at the end of
the project all participants believe climate
Results change is happening today and 95% believe
Initial findings from the quantitative data global climate change is a crisis today.

Participants’ views about human caused climate
change did not change, all the participants
believe current global climate change is mostly
or largely caused by human activities.

Global climate change |s happening today | 84% 100%

Global climate change is a crisis loday 90%

ladge about the causes and possible | 6
affects of global cémate change

5% (limited)

At the beginning of the project, only 65% of the
participants indicated they have very good
knowledge about the causes and possible
effects of global climate change. 30% indicated



they have moderate and 5% indicated they have
limited knowledge. However, at the end of the
project 95% of the participants indicated they
have very good knowledge and 5% indicated
they have moderate knowledge about the
causes and possible effects of global climate
change.

21 When we explore the participants’ attitude
towards climate change, there was a significant
difference in the environment-centered attitude
of the students after the project interventions.
* There was a significant difference in the environment-centered attitude of the H H
RN R HIOT Students developed an environmental attitude
» Students developed an environmental attitude for the value they attach to for the Value they attach to natu re not for the
nature, not for the importance and benefit it provides for people i . i ’
importance and benefit it provides for people.

Results

# Students have a future perspective rather than a present perspective
o B89% of the students stated that they think about the possible effects of clim

change and shape their behaviors accordingly Participants have a future perspective rather
than a present perspective. 89% of the students
* There was a significant difference in students’ willingness and belief in findin . .
solutions to climate impacts after the project interventions Stated that they th|nk about the pOSSIb|e effeCtS
of climate change and shape their behaviors
accordingly.

Durlap, 2008; loireman et 2

There was also a significant difference in
students' willingness and belief in finding
solutions to climate impacts after the project
interventions.

22 At the end of that work, some of the volunteered
students wanted to continue making actions
Actions that resulted from the project about climate crisis because they noticed that

their activities may expand more awareness in
the struggling for climate crisis and so we
started to the second phase. This part is based
on article analysis and studying on good

Teacher-related Actions

Started the preparation for a free onli
teacher training program with the
materials developed in this project

Student-related Actions

Started to the second phase of the
project with the volunteered students

= esdX examples of climate change challenge. They are
ssembusincesiie 7EC gtydying on determining effective solution

Cevre EBitimi ve

Dinyadkiim Gy recommendations.

T Also volunteered teachers started preparation of
a free online teacher training program consisting
of videos about the content developed during
the project and some challenging questions
were added at the end of each video. By using
those materials teachers will be able to to use
system dynamics model and see the big picture
of the climate crisis.




