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No clear
stopping

: Requires
complex

" Stakeholders
cannot agree

Only better or
worse solutions

<\ ¢
Strong moral, ’

political or
professional dimension

Magqgsood, Tayyab & Finegan, Andrew & Walker, Derek. (2003). A soft approach to solving hard problems in
construction project management. Weblink.

No objective
measures of success

Alternatives must
be discovered



https://www.researchgate.net/publication/27483842_A_soft_approach_to_solving_hard_problems_in_construction_project_management

Key competences for sustainable development

Systems Thinking Competence
Futures Thinking Competence

Values Thinking Competence

Strategic Thinking Competence

2 W R S3

Interpersonal Competence

Wiek, A., Withycombe, L., & Redman, C. (2011). Key competencies in sustainability: a reference framework for
academic program development. Sustainability Science, 6(2), 203-218.



Key competences for sustainable development

Self-awareness
competency

Systems thinking
competency

Critical thinking
competency

Anticipatory
competency

%
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problem-solving
competency

Collaboration
competency

Normative
competency

Strategic competency

Rosén A., et al (2019). Mapping the CDIO Syllabus to the UNESCO Key Competencies for Sustainability. 15th
International CDIO Conference at Aarhus University



Key competences for sustainable development




Key competences for sustainable development

One goal with sustainability education may be to train students
to lead change in the profession in which they are educated —
to become change agents



Flipped classroom and active learning

Flipped Classroom:

 Ateaching method and a type of so-called ‘blended
learning’, with a focus on student engagement and often
also on active learning

* Moves some learning activities from the classroom to
preparatory homework, and others from homework to
the classroom

* For example, students may watch online lectures,
collaborate and discuss online or conduct research at
home and then participate in classroom activities under
the guidance of a mentor



Flipped classroom and active learning

Flipped Classroom:

* Instead of conventional lectures, a more learning-centred
model is used

* The classroom is used to explore the subject more deeply
and create meaningful learning activities while students
are introduced to new content outside the classroom

 ‘Content delivery’ can take various forms: video lessons
are often used to deliver content; online collaborations or
discussions, and book/article readings may also be used

e C(Class activities may include: laboratory experiments,
debate or negotiation, games and role-plays, discussions
about current events, peer review, project-based learning
and skills development or concept exercise



Flipped classroom and active learning

Active learning:

* Alearning method where students are active and build
their own experiences during the learning process

e Students participate in active learning when they do
something besides passive listening

* Each student's active participation is a necessary aspect of
active learning

* In active learning, students must DO things and at the same
time reflect on the work done and the purpose behind it

 There is a large body of research that supports that active
learning promotes higher achievement and deeper learning



Games In Sustainability Education
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Administered via web platform (integrated in LMS)

Learning Learning Learning
package 1 package 2 package 3

Assessment: homework assignments and exam




Sustainability learning package

( Preparatory work \

Literature readings

Hallbar
plecng

Game seminar (one or several lectures)

Introduction:

. Short lecture

. Discussions around homework
. Group discussion

Game session:

Debriefing:
. Spontaneous reactions (fun, instructive &
difficult)

c Students’ experience
. Teacher moderated discussion

/ Follow-up \

Homework assignment

. Deeper analysis of a
specific element from
the game

. Connect element from
the game to course or
subject

. Individual or group
assignment

. Including a literature
review (references),
arguments & reflection

Case assighments

. Specific case connecting
the game to specific
subject

. Exemplifying; connects
experience to real world
challenges

. Written assignment or as
bridge to follow-up
seminar




Sustainability learning package

( Preparatory work \

Literature readings

Game seminar (one or several lectures)

/ Follow-up \

Halbar
utvecking

Agenda.

Introduction:

. Short lecture

. Discussions around homework
. Group discussion

Game session:

Debriefing:
. Spontaneous reactions (fun, instructive &
difficult)

c Students’ experience
. Teacher moderated discussion

Homework assignment

. Deeper analysis of a
specific element from
the game

. Connect element from
the game to course or
subject

. Individual or group

assignmas

ing; connects
experience to real world
challenges

. Written assighnment or as
bridge to follow-up
seminar




Snowflake Education Toolkit

v' Ready-to use learning packages — each based on a game
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Package templates

1

Introduction to Sustainable... Sustainable communities Polarities in values and pe... Climate change

Introducing the concept, common Cities is where most challenges Discussions and debate around Introduction to Earth's fascinating
definitions, a systems thinking and solutions to sustainability ethical dilemmas in sustainability climate system, the natural
approach, historical milestones, may be found. Urbanization is and the introduction of the greenhouse effect and

important numbers, A... one of the dominating f... concept of polarity thin... anthropogenic climate change
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Snowflake Education Toolkit

v' Each learning package: online lectures, assignments, etc.

Arkiv Redigera Visa Historik Bokmarken !erktyg

Hjzip

snowflakeeducation.com X +

& ¢ @

@ & https://toolkitsnowflakeeducation.com/modules/2/memo E]

e @ | | Q sok [\ e @) | =
¢' Mest besokta ., Kom igéng @ DAISE.org ADMIN > Lo... @ ThreeRivers > Logga in c Covercat In-Situ Spray... @ Dahlin Institute for Sus... @ SRS.org WP admin E Fran Internet Explorer @ Suggested Sites @ Free Hotmail @ Web Slice Gallery »

i Video lecture: Definitions and perspectives

This video lecture focuses on different perspectives on how sustainable development can be achieved as well as how various world views lead to different definitions of what a 'sustainable development' is

Eco-centric and anthropocentric perspectives are contextualised and the ideologies stemming from ‘three shades of green' are compared. The viewer is also guided through an analysis of the 'Brundtland
definition', the concept of 'ecological footprints' and the principles of 'the Natural Step'.

Lectdre 2 Sustgifiable Dev.. @
e e e

1

H Video lecture: Economical, ecological and social sustainability

This video lecture dissects the 'three pillars of sustainability' and their correlation. Question formulation is made about social needs, internalisation of economic externalities, production of products and
services within the carrying capacities of ecosystems. Furthermore, research on the 'planetary boundaries' and the 'sustainability doughnut' is presented.
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Snowflake Education Toolkit

v' Results are accumulated along the way and summarized
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Forelasningar

Dokument  Inlamningsuppgifter

Alla resultat - Hallbar utveckling for MJ1103 (2018)

Moment markerade med * nedan ar obligatoriska. Moment markerade med + nedan anvands vid betygsattning. Provet ar obligatoriskt pa denna modul. Provet

anvands ocks3 vid betygsattning av denna modul.

Dra kolumnrubrikerna for att andra ordningen.
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Snowflake Education Toolkit

@ :nowflakeeducation.com
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Welcome tc

Sustainable Development / Kestava kehitys

Welcome to the Sustainable Development Master Course!

Packages
Course info and introduction to sustainable development ~ Edit@
Edit&
Constructive Debate ~ Edit&
Systems thinking ~ Edit @&
Climate Change ~ Edit @
Critical material and circular economy ~ Edit&
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Values thinking

Dilemma (3-6 players):
v Introduction to sustainability
v' The game includes fact-based
quiz-like questions, and...
v Discussion-oriented sustainability
dilemmas




Values thinking

es of different opinions

In this learning package, you will learn to problematize various “sustainable solutions”. You wiill practice identifying the underlying val

and further develop your argumentative skills

arning outcomes

student should be ab

completing the learning package t

« make rezsonable estimates on the order of magnitude to questions about global development.

» critically review arguments and show respect to people with 0pposing opinions.
* formulate well supported arguments for various viewpoints.

« define. expiain and be able to use sustainability vocabulary and relevant facts in writing and conversation

Preparatory &s

The preparatory assignment is supposed to take about four hours to complete, The assignment consists of several sub-tasks. The black text provides
background information and guides you to relevant web content. Gray, italicized test indicates that the sub-task contains o written submission.

Virite all submission texts in & document and upload it as a PDF file. Please cite sources according to the Harvard referencing style. The document may
contain a maximum of 500 words (excluding references). Please note that submissions will not be assessed if they lack references for statements and
tifi h and the abiity texts. Below you wil find one of the many

facts, since we want to emphasize the importance of
guides to the Harvard system. available on the internet.

B Preparatory

ignment: Values think

The assignment is submitted individually

W b Guide to Harvard referes

g (Angela Ruskin University.

Sub-task 1

h the follow

video lectur:

B Definitions and perspectives [20:43]

Sub-task 2

ve defined 17 global goals with priorities and

sustainable society, the UN member st

efforts for a transition towards

I order to straegically mobiliz
ambitions for the year 2020

el. Take a closer look at the

topics that engage you the most on a personal

ons of tracked indicators at the web

s (UN. n.d). coverin

ree of these 17 5

nat has been s

Pick out d
targets and indica:

for the respective goals. You can also find visual

Sub-task 3
ife expectancy. After having watched the video, you should compare the two graphs

Watch Hans Ros|
describing
(Gapminder, n.d.-c). P

ng’s explainer video about how income relates
n fify n (G

pminder, n.d.-b), and
itions change over tme.

Sub-task 4
During the seminar we will play a board game in which you will be both challenging your sustainability fact knowledge as well as practicing your debating
ing. all participants will research different topics and share their research with the others, in small groups.

skills. In order for the debates to be extra inter
I order to divide the debate topics among the participants, you are asked t f the month you were
Born (see table below), for example. someone born on April 5™, will do research on topic 1, whereas someone born on October 12 will explore topic 3. You
sub-task. See information about the debate topics in the pcf

that is correlated to the da

do research on the topi

ant to bring notes to the seminar, but you do not need to submit a wri

[ o b opic ]
| Pypre—y | IV YT B TRT

Dilemma (3-6 players):
Introduction to sustainability
v' The game includes fact-based
uiz-like questions, and...
v Discussion-oriented sustainability
dilemmas

In the associated online material:
v' Learning package around values,
opinions and conflicting goals
v Learning package around
constructive debate and polarities



Exercise: Play Dilemma

Groups of about 3-5 players
I’ll go through the rules shortly

N

= . k\\
i &

-

C /A - . You'll have the opportunity to try out
—— the game for ~20 minutes
As you play, make sure to go through a

few step-by-step cards; discuss them
also from an educator’s perspective

Try out at least one discussion from the
dilemma cards, go through a few more
and discuss the game from an
educator’s perspective

Start with the green cards — and after ~10 minutes, go to the yellow cards




Exercise: Play Dilemma

miro Dilemma Board (group 1) il > o 47 @ & Q E

We dre game pleces. If you Cannot move us.
Perhags you need 1o click on the ‘serow’ in
the manu to the It

1am a ceck with 12 cards. Move us
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Exercise: Play Dilemma

m i o Dilemma Board (group 1) 2

Step by step

20 W >N0UU-Ha ~»

BEREaxReEZOLHHO Y

GAME RULES (short version):

When it is your turn: the player
next in turn will read one step-
by-step card to you and if you can
answer the question correctly
you will move your piece 3 steps

If your answer is incorrect, you
get one (2 steps) or two (1 step)
clues

When you enter a dilemma area
you will be the moderator of a
debate between the player next
in turn (position 1) and the player
after your turn (position 2)

The one that gets into the centre
first WINS! ©

Note: read cards by moving them

Note: move away the card that
you are reading



Zoom breakout rooms: note your room number and
access the correct Dilemma board
When you get back: be prepared to reflect on...

Groups of about 3-5 players
I’ll go through the rules shortly

N

W L\\_ '\3“ /A , . YoU'll have the opportunity to try out
- Se— the game for ~20 minutes

As you play, make sure to go through a
few step-by-step cards; discuss them
also from an educator’s perspective

Try out at least one discussion from the
dilemma cards, go through a few more
and discuss the game from an
educator’s perspective

Start with the green cards — and after ~10 minutes, go to the yellow cards




Dilemma in the classroom

The typical Dilemma seminar:

1. Encouraging introduction/exercise [45 min]
2. Dilemma game [90 min]

3. Debriefing [30 min]

...but we have seen educators use it in many different
ways, for example:

45 min lecture, embedded in a series of lectures
* Centrepiece for a theme day about sustainability
* Lend-home games for students, discussions in class



The debriefing

Start by asking students: “what did you think about this exercise?”

Generally, they answer three things:

1. “It was FUN!”

2. “And we LEARNED stuff!”

3. (after a short paus, with wrinkled foreheads) “and it was actually DIFFICULT!”
When appropriate, let the discussion follow with what students
spontaneously reflect on

But you can also ask specifically:

= “What did you think about the green cards (step-by-step)?”

» “What did you think about the yellow cards (dilemma)?”
Select a few cards on beforehand, that you have chosen for discussion
(you can put them on slides)

The debriefing should cover what you have on your checklist, for example:
= There is no right or wrong answer to these dilemmas, but many different opinions
» Debates can be really constructive, when debaters are respectful and honest
» Make sure students understand the importance of learning basic facts



Teaching Sustainability using Games

. Range of games
* How to start?



Systems thinking

v Introduction to system dynamics,
ecosystem services, the tragedy of
the commons, (renewable)
resource economy and decision
making with limited access to
Information




Systems thinking

& principles of system dynamics - a system analysis technique that can be used to better unders
ractice management of a renewable resource, while being part of a complex system of mul

in this learning package. you will get to experie
sustainabil Through a roleplay. you wi
and information overload

lsrandepaket ska studenten kunna:

r avslut

* describe the phenomenon ‘the tragedy of the commons', ecos) ices and key concepts in system dynamics.

* propose strategies to manage or reduce the risk of system colla

« identify feedback loops in complex systems and be able to describe their course of events using words and expressions from system dynamics

The preparatory assignment is supposed to take about four hours to complete. The assignment consists of several sub-tasks. The black text provides

background information and guides you to relevant web content. Groy, at the sub-tosk contains o written submission

Wirite all submission texts in a document and upload it as a PDF file. Please cite sources according to the Harvard referencing style. The document may
in a maximum of 500 words (excluding references). Please note that submissions will not be assessed if they lack references for statements and

acts, phasize the importance of a scientifi h and the ability to write trustworthy texts. Below you willfind one of the many

£uides to the Harvard system. available on the internet.

B Pre;

Uppgiften lamnas in individuelt

tory sssignment: Systems thinking

Ruskin University, 2017

Sub-task 1

ideo lectur:

he following

El Complex systems [23:30]

xternalities [12:46]

Sub-task 2

em services is mentioned in the video lecture Economic Externalities. Browse through
ecosystem services to deepen your understanding of the concept

The concept of ecosy
ning. regulating, supporting and cultu

Sub-task 3

5. Read more real

e lecture Comp xamples of the tragedy

The tragady
of the commonsin t

Sub-task 4

introduces LCA - Life-cycle assessment. This is
ich are included inside

Read this blog post about a comparison between disposable and reusable cups (Correa, 2018). The blog p
a 100l commonly used to analyze and compare products or services - with a systems thinking approach. Depending on the aspec
of the studied model, different answers for the comparison could be given.

the s

tem boundarie:

Sub-task 5

teammaty

¢ the seminar we will piay a role play called FishBanks. Along wit manage fishing companies and try to maintain your fishing fleets
profitability so that your fishing enterprise may continue into the future. You will be charged with managing a fleet of fishing boats and making decisions
ical board game wiill be used in combination with a system dynamic model on a computer: after each “year” of fishing,

5, you w

about your fishing strategies. A physi

reports on decisions which get entered into the mode.

your compan;

ly. On page 6. you'llfind a graph of the
e feedback loops behind the graph's appearance
e. This, in turn.

tem and to follow the seminar more ea:
of deep sea fish in this game. One of
g production increases, more eggs will surv

Read the "Role description” below. to understand the game's
regeneration of fish. Focus on the blue g
s the production of new fish: the larger the fish population is. the more eggs are produced. As

‘aph, showing the regro.

FishBanks (4-40 players):
Introduction to system dynamics,
ecosystem services, the tragedy of
the commons, (renewable)
resource economy and decision
making with limited access to
Information

In the associated online material:
v Learning package around systems
thinking
Introduction to concepts such as
feedback-loops, resilience, tipping
points etc.



Climate change

Clime Out (3-6 players):
v" Introduction to Earth’s climate and

N\ > Ko d climate change
v The game includes fact-based

quiz-like questions, ...
v' ... Interactive puzzles, and...
v ... glossary literacy duels

SSSSSSS

nnnnnnnnnnnnnnnnnnnnnnnn

2 mMi- O mo



limate change

iearning package you will get the chance to gain a deeper understanding 1 and climate change. You will learn about the strategies

limat [
h climate change research can be communicated to the public. and willalso practice explaining the natural science behind ongoing cimate change -
. -
Lsrandemd| .

Efter avslutat |arandepaket ska studenten kunna

* explain how global climats ari

. .
+ motivate why actions made by & particular actor contributes positvely o managing cimte change J
ntroduction to Earth’s climate an
* state the main components and 2 number of feedback mechanisms in the Earth’s climate system.
The preparatory assignment is supposed to take about four hours to complete. The assignment consists of several sub-tasks. The black text provides

background information and guides you to relevant web content. Gray, italicized text indicotes that the sub-—ask contains o written submission. -

Virite all submission texts in a document and upload it as a PDF file. Please according to ing style: The y

contain a maximum of 500 words (excluding references). Please note that submissions will not be assessed if they lack references for statements and -

facts, since we want to emphasize the importance of a scientific approach and the ability to write trustworthy texts, Below you willfind one of the many

‘guides to the Harvard system, available on the internet.

used and describe pre

ticular region.

M Preparstory assignment: Climate change

quiz-like questions, ...

e ... Interactive puzzles, and...
... glossary literacy duels

In the associlated online material:

Learning package around basic
climate kn owledge

carefully since you could be asked to explain the model to a peer during the seminar. You can bring supporting no: minar, but you
written text for this sul

Guide to Harvard referencing (Angela Ruskin University.

bmit

- Introduction to concepts such as
S" etk e o B R s ok 0 P o ey g A i s S e n e rgy b a-l a n C e y th e g re e n h O U S e
effect, global warming etc.

MHI. n.d; USGCRP, n.d.)




Critical materials, material flows
and life cycle thinking

In the Loop (3-6 players or

3-6 teams of 2):
Introduction to critical materials,
material flows & circular economy
Strategy type game
Each team takes on the role of a
. production company, trying to find
" the resources for their products




Critical materials, material flows
and life cycle thinking

Kritiske = G
1 det hir larandepaketet kommer du att 2 fundera over materialhantering | dagens samhalle. Fokus ligger p& koncept sisom kritiska material,resurshantering

Srsta produktionen av kritiska mate;

och cirkular ekonomi, snarare 3n att specfik tenskap. Vad finns i en s 1vilka lander sker s ial? Och
hur kan ett for tegier bidra tl minskat resursavfal forsorjningskedjan? | bradspelet I the Loop fér du testa att producera produkter och utforska

komplexiteten i verkiighetens resurshantering, lyckas ditt foretag producera de produkter ni tankt i en varld full av bverraskande handelser?
L
Expected lesrning outcomes

fer completing the learning package the student should be able to:

» redogra for majliga férandringar i féretags affarsmassiga strategier eller affarsmodelier som skulle kunna bidra till minskat resurs:

+ g exempel p3 affarsstrategier som a i enlighet med cirkulara ekonomiska modelier
+ g2 exempel pé nigra kritska material, harkomsten av dessa och vanliga anvandningsomraden. -
» férklara innebdrden av termerna kritiska material och cirkular ekonomi.
. = . .
5 Kritska materialoch cirkulér ekonomi
text. Svart (ex.ge bakgrundsinformation och guidar mam re\eua'\' webbmaterial kr: eror o2 skriftlig

Se til att avsitea tilrackiigt med tid och samarbeta garna med en Kiasskompis, &ven om den skriftiga delen skrivs indviduellz. Den skriftiga
delen sarivs | et dokument och laddas upp  paf-format va Winken nedan. Dokumencet fr maximakinnehdlla ca, 500 ord (exkiusie referenser),

3 S . .
Kom inag att alltid ange kdlior enligt Harvard. Inlmningsuppgifter som helt saknar referenser for pastienden och fakta kommer inte att
bedmas. Anledningen til detta ar att vi vill understryka vikten av ett vetenskapligt forhaliningssat och formagan att skriva fortroendeingivande texter.
(Hogskolan i Bords, 2015) ar en av ménga som kan underista s nér du skriver dina

ningsuppiter. Notera att akademista texter bide ska ange referenser iSpande  bexten [t x. (Andersson, 201111 och att det ska finnas referen:

slutet v texten [s2 exempe! Iangst ned | denna uppgiftsbeskrivning]

Noters att

v’ Strategy type game

The assignment is mandatory

v' Each team takes on the role of a
production company, trying to find
' the resources for their products
e Inthe associated online material

B Materialhushalining och cirkulir ekonomi [20:03]

Delupp

arikel (Ny Teknik, 2016) om derza. | fljande arcie (Ny Teknik, 2017 tas en uppfBlining av hur isken nar tvd
&r gire. Lis arsklama och fundera over vad du salv tror kan goras for att minska sten av sidan typ av

Sammanfatta dina tankar m

D v Material flows and criticality

naste r har ett flertal organisationer och lander giort studier far att identifiera vilka material som r kritiska fér dem. Vilka material som anses ing:
gruppen "kritiska material” beror p3 studiens geografiska plats och tid, sam vilka kriterier som valjs ut for scudien. Tillgang (politisk

3 .
stabilcet, ersattningsmajlighe, grad av Stervinning), miljorisker och ekonomisk betydelse ir tre kriterier som anvants i EU:s analyser av vilka resurser som ar
witiska
-
Ta en titt pa periodiska systemet i nedan pdf som jamfar olikheterna mellan EU:s och ett par landers definitioner av kritiska material. (Notera att det Sven

mmi och koks. Sedan tabellen sammanstalides har EU:s

finns kri

nterace vis periodiska tabellen, tex naturg

ka material som & finns repre:
ppdaterats och innehalier numers 27 kritiska material istallet for 14)

v" Subtask around circular business

Deluppgift 4
Vad bestér en smartphone av? Titta pé fljande video frin TED Education.

EWhat is a smartphone made of? [4:35] (Preshoff, 2018)

& Whatsa smartphone &, A I I I O d e I S

SMARTPH( ),
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Teaching Sustainability using Games

e How to start?



