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Abstract

This doaument describes thetopical areasthat will be developead into curricula aboutsugainable
development ugng quditative reasoning. These areas indude

1. sugainable development conaepts
2. Linkages between ecosystem services and human well-beng
3. How sudainability isimplemented in different case study regions

We describedifferent possible scenariosabouthow we envision users interacting with the
guditative reasoning content on the NaturNet-Redime web portal. These case modds describe
interactionsbetween learners based on different kindsof learners (single users or in groupg and
different learner gods (genea education or case-specific needs).
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1 Introduction
The objective of thisdoamentisto:

Develop a set of guiddines to structure web-based curricula abouttheuse of quditative
moddsto explore sugainable-development issues, consdering possible tie-inswith
existing Sugainable Development tools identified in WP1 [Evaluaion of Existing
Projects and Data] and by the Commission. This Task will thusdefinethe structure of the
actud curriculum (Task 6.10 [Curriculumfor Learning about Sugainable Development])
and development of content (Tasks 6.2 D6.6 [which describe several case studies]).?

As specified in the Technical Annex, thisinvolved developing a plan aboutwhat content should
be created within Task 6.10. Hence, this doacument defines arangeof sugainable-development
issues tha users of the NaturNet-Redime web portal will be able to explore and learn aboutin
depth. Theactud creation of this content hgppensas pat of Task 6.10aswell as Tasks 6.2 D6.6.

1.1 What is Sustainable Development?
Sudainable development (SD) is composed of two conaepts. development and sudainability.

Development isthe convasion of raw materialsinto goodsand services.
Sustainability implies tha development can continueinddinitely into thefuture.

Taking these two concepts togeher, sustainable development has been further defined as, Gareal
increase in well-being and standad of life for the average person tha can bemaintained over the
long-term withou degrading the environment or compromising the ability of future generations
to meet their own needsG

Based on this definition, a curriculum to teach about SD should focuson thefollowing aspects:
1. inceasein well-beng and standad of life for theaverage person;
2. environmental hedlth;
3. longterm maintenance of this badance and keeping optionsopen for thefuture.

Each of these three conaepts requires further elaboration. What factors contribute to theincrease
in well-beng and standad of life for the average person?How does oneweigh the importance of
well-being of the notonly the Gverage personbut also of the poorand the wealthy? Just what is
@nvironmental heslth® What processes are important to congder? How do we evaluae long-
term sugainability? How open should optionsbeleft for thefuture?

Some of these questionscan be answered usng smulationsand others are valuable points for
each of usto congder in making our own decisionsas citizens stakeholders, and consumers. The
Curriculumfor Learning about Sugainable Development will consder bath categories by
encouraging learners to congder the effects of different actionson economic, sodal, and
environmental systems. The actionsare based on values but the effects are based on our
knowledgeof cause and effect that is encapsulated in the QR modds tha drive our Learning
Environment.

2 NaturNet-Redime Technical Annex to the Contract.
% William P. Cunningham and Mary Ann Cunningham. Principles of Environmental Science. McGraw-Hill online:
http://highered.mcgraw-hill.com/sites/0072452706/student viewO/glossary.html. (accessed 6 July 2005).
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2 Issues to explore

The European Commission has identified Ghree pillarsCof sustainable development: the
econony, the environment, and sodety and culture:

gl Economy Society
& Culture

/| Environment

We will develop content aroundeach of these pillars as well as content tha integrates the pillars
togaher. Theapproach we will use involves exploration and development of quditative modds

of systems tha represent specific SD issues, situaions or problems. Undestanding SD involves
avariety of scaesbfromloca to globd Band pespectives Dfromindividud citizensto indugry
to govenment, in bath developing and devel oped countries.

In order to assess awidevariety of these scales and perspectives, we will elaborate onthethree
pillarsin modds and curricula based on key concepts extracted from:

1. Millennium Ecosystem Assessment,

2. Case studies of rea systems, and

3. SD problems of particular relevance to the EU (Congdering inputfrom WP1).

The Millennium Ecosystem Assessment clarifies how human well-beingis related to services
provided by Earth@ ecosystems, and in so doing clarifies that SD is notjus aluxury of wealthy
nationsbutis essential for every person onthe pland. Because of the close connection between
the MEA and thethree pillars of SD, we will extract themain SD issues to be developel into
curriculafromthe MEA (section 3). These issues will befurther developed and linked togeher
to explore thar interactionin real systems viafive case studies (section 4). Themain issues will
also befurther developed to teach aboutvariousSD problems of particular relevance to the EU,
based on inputfrom WP1, which will identify SD issues and tools that EC has emphasized or
suppoted. Based onthereport provided by WP1 (Deliverable 1.2), we will identify issues or
projects where a QR approach to teaching would be appropriate.

3 Millennium Ecosystem Assessment

In the Millenium Declaration of 2000,the United Nationsestablished eight Millenium
Development Gods (MDG):

reduce povety and hunge

universalize primary education

equdize oppotunity for women

reduce mother mortality

reduce child mortality

reduce diseases like malaria, tubeculoss, HIV/AIDS, etc.

oahrwNE
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7. environmental sudainability
8. establish and foder globd patnashipsfor development.

Specific aspects of these are further detailed into different ind cators and issues. Mog of these
gods arerelated to econonic and sodal development in developing counties. For the European
Union, however, many of these gods have aready been achieved, butthis progressis notbeng
supported by sugainable strategies. Hence, thefocus should beon MDG 7, environmental
sudainability, to address the SD gods where Europe still has progress to make. In creating the
Strategy for Sugainable Development, the EU took an important step in recognizing the need to
use the environment sugainably.

At the same time tha the MDG were identified, the UN initiated the Millennium Ecosystem
Assessment (MEA), Ghe mog comprehensive inventory of the Earth(@ ecosystem servicesto
date.3 The Statement from the Board of the MEA?® clearly points outthelink between humen
well-being and the ability of the Earth@ ecosystems to provide services. This main ideais made
explicit in avariety of figures and text tha explain the linkages between specific ecosystem
services and specific aspects of human well-beng. It isthese linkages tha we intend to
implement into QR modds and curricula. Development of these modds and curriculawill be
aided by details provided in variousMEA Synthesis Reports (available starting June2005)
However, themain ideas are contained in the Statement from the Board itself, which contains
some very goodfiguresto convey these linkages quditatively. We will expand onthese basic
idess by creating causal, QR modds of the processes involved.

One of themain sources that we will build from isshown in figure 1.
CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
Provisioning EE?HHE‘;LE\E?FIF;;E ACCESS

FOOD SECURITY FROM DISASTERS
SH WATER

REC

SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

WOOD AND FIBER
FUEL . .
| Basic material
for good life Freedom
R lati | ADEQUATE LIVELIHOODS of choice
Supportin egulating SUFFICIENT NUTRITIOUS FOOD and action
pp g I | SHELTER I -
NUTRIENT CYCLING ACCESS TO GOODS OPPORTUNITY TO BE
SOILFO N | B ABLE TO ACHIEVE
PRIMARY PRODUCTION | WHAT AN INDIVIDUAL
VALUES DOING
He_\alth . AND BEING
| STRENGTH
FEELING WELL
Cultural | ACCESS TO CLEAN AIR
AESTHETIC | AND WATER
SPIRITUAL |
EDUGATIONAL
TIOMAL Good social relations

LIFE ON EARTH - BIODIVERSITY

Source: Millennium Ecosystern Assessment

COLOR WIDTH
Potential for mediation by  Intensity of linkages between ecosystem
socioceconomic factors services and human well-being
Low = Weaak
Medium — Medium
I High [ Strong

Figure 1. Human well-being depends on services provided by Earth@ ecosystems®

* Gewin, V. 2005. Dispatches: Millennium Assessment means business. Frontiers in Ecology and the Environment
3:180.

®> Millenium Ecosystem Assessment Board. 2005. Living Beyond Our Means: Natural Assets and Human Well-
being. Pre-publication Draft.

® Ibid, page 4.
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Figure 1 shows many linkages between ecosystem services and human well-being. There are
many causal processes conveyed in thisfigure. These can betrandated into wordsasin the
following examples:

¢ Primary produdion, a GuppotingCecosystem service, is strongly linked (thick green
arrow) to aesthetic cultural values. These values are linked (with medium strength:
medium-sized arrow) to goodsodal relations for example by providing pleasant parks to
relax in. This effect has alow potential (thearrow isyellow) to be mediated by
sodoeconomic factors, compared to other factors tha affect sodal relations Goodsoda
relationshave are strongly linked (thick, blue arrow) to freedomof choice and action, and
this freedomin turn suppots goodsodal relations(the arrow goes both ways).

 Nutrient cycling, a GuppotingCecosystem service, is strongly linked (thick green arrow)
to provisioning of food.Foodis strondy linked (thick arrow) to human health, aspects of
which indudestrength and feeling well. This linkage has a medium potential (thearrow
islight brown) to be mediated by sodoeconormic factors (the figure doesn®show these,
butwe will incorporate them). Health is strongly linked (thick, blue arrow) to freedom of
choice and action, which in turn has a strong effect (arrow goes both ways) on hedlth,
paticularly feelingwell.

Missing fromfigure 1 are important details aboutexactly how these ecosystem services affect
human well-being. In what way is primary produdion linked to aesthetic cultural values? Isthe
effect postive or negative? How do disturbances to primary productioninteract with other
factorsto affect aspects of well-bang?

In apreliminary assessment of the utility of the MEA Boad Statement in conveying thebasic
linkages between ecosystem services and human well-bang, university students (primarily first-
year undergraduae biology majors) were asked read the MEA Board Statement and write atwo-
page essay abouthow therising human popuktionislikely to affect human-well bang. Students
were asked to consder especially thediagram shown in figure 1 in their essays. Thefollowing
quotationsfrom these essays show tha the MEA doaument provides a powerful tool for
conveying important conaepts related to SD (minar editorial errors have been corrected):

QProvisioning and regulation of our naural resourcesis essential to our security,
materials for goodlife and health. Withoutfood fresh water, wood, fiber, fud
E we are notcapable of creating a @reedomof choice and actionGituation like
thefigure on page4 of the MA doaument shows. Biodiversity [sic, thestudent
probably meant @cosystem services) is abslutely essential to our well being.O

QTheauthors] explain how the provision of food,fresh water, energy, and
materials used for agrowing popuktion has come at cog of the complex
systems of plants, animals and biological processes tha make the planet
hebitableET his groupinssts tha theonly way to stop further weakening of the
naural systemsisto give humansthe chanceto learn to appreciate thetrue
value of nature and therefore allow them to make a persond choice in whether
they will contribute to the maintenance of a healthy ecosystem.O

CE| t has come clear to me that there is going to bea day when this world won®
beable to supply al humanswith the basic necessities to live. Many factors
lead into humensOnecessities here on earth such as the air we breathe and the
medicines tha nature provides uswithEW ith theexponential growth of
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humens, there will bean increasing demand for those natural necessities for
everyoneto have a chance of afruitful life here on Earth.O

OrhefigureEs hows tha ecosystem services contribute to the well-being of
humans Aslongas humanshave the basic necessities that the chat has
outlinedE[ exampleslisted]E, then thewell-being of humanswill allow them
the oppotunity to achieve whatever they fedl like achievingET hefigure on
pagefour demongrates wha a perfect ecosystem would do for thehuman®
well-being.O

These extracts from the studentsOessays are telling in a number of ways. First, figure 1 appears
to bevery effective at conveyingthebasic ideatha ecosystem services are important in many
ways to human well-being. However, there remains some basic misundestanding. For example,
in thefirst example, the student appears notto understand the difference between iodiversityO
and Gecosystem servicesQ Over-generalizing new information and applying terms overly widdy
seems to be a common mistake among students. Another ingghtistha thereis atendency to see
only thegloomand doomand fail to see the options for improvement tha thelinkagesin the
figure attempt to convey. Findly, thelast exampleillugrates that the naure of the causal
linkages is not dways undestood completely. This student does notrealize that thelinkages
exist even if theecosystem is not (perfectON provisioning of food, for example, has postive
effects on hedlth if the ecosystem is providingthis service in adesirable fashion, whereas it has
negaive effects if theecosystem is not providing this service in a desirable fashion.

3.1 SD content for web portal developed from MEA

Our QR curriculumwill hep provideafuller undestanding of causality in thelinkages between
ecosystem service and human well-bang. All pahways throughfigure 1 will beincorporated
into theweb portal asinteractive linkstha will lead learners to QR modds tha teach about
specific concepts when they click on oneof thearrows or quantities (e.g., Good®in thefigure.

Thus thework of creating this curriculum will largdy entail identifying pahways throughfigure
1 and creating QR modds tha describether causaity. Not all of theinformation necessary for
these moddsis actudly contained in thefigure. Some of the linkages shown in figure 1 are
expandead onin other MEA doauments’. We will further expand on this information by clarifying
the causdlity of thelinkages. Learners should be able to see notonly rhat certain ecosystem
services are linked to human well-bang, but also will undestand zow and why these linkages
fundiontheway they do.

4 Case studies of real systems

The case studies selected are based mainly onriverine systems and catchment areas. These alow
in-depth exploration of a widerangeof sugainable development problems notonly for the
European Union, butalso internaiondly. Also, focusng on a paticular category of ecosystem
allows progressive development of content tha buildson itself, which is advantageousnot only
for theproject partners devel oping the content, but also for learners, whose knowledgewill be
reinforced by revisiting familiar topics from several related case studies.

Thefirst two case studies to be developed will focusmainly on ecological and environmental
processes and later case studies will progressively add integration with sodal and econormic
issues. The specific case studies serve as examples tha can later be modified to fit other types of
systems because many SD problems share the same basic founddions

" See especially pages 100-103 of Millennium Ecosystem Assessment Synthesis Report, Pre-publication Final Draft
Approved by MA Board on March 23, 2005.

8/17



Project No. 004074 NATURNET-REDIME D.X.X

4.1 Task 6.2 Basis QR case study: Danube Delta Biosphere Reserve,
Romania

Develop learning materials (modds) for the NaturNet-Redime QR sub-portal, focusng on
physcal, chemical, and biological processesin DanubeDelta Biogpheae Reserve, induding:
« Aqudic ecosystem morphological changes unde globd warming Pits effect on biotic
component development;
« Eutrophication and water pollution processes Bindicated throughaquatic organism
compostion evolution;
«  Water statusBimplementation of Water Framework Directive (WFD) concerning surface
and groundwater protection.

4.2 Task 6.3 Basis QR case study: River Mesta, Southwest Bulgaria

Develop learning materials (modds) for the NaturNet-Redime QR sub-portal, focusng on
physca and chemical processes, biodiversity, population biology, and community ecology by
integrating available longterm data ontheriver Mestafor:

« Undestanding and forecasting effects of organic pollution and other urban and/or
indudria pollution on abiotic and biotic structures of the ecosystem;

« Undestanding and forecasting impeacts to biodiversity and stream ecosystem structures
and fundioning, such as phytobenthos zoobenthos andfish popuktionsas basic
biological qudity elements;

« Improvement of theriver basin planning to suppot integrated ecological status
management as demanded by themoden EU legidation such as WFD 200060/EC.

4.3 Task 6.4 Bridging QR case study: Riacho Fundo, Brazil (UnB
responsible)

Develop learning materials (modds) for the NaturNet-Redime QR sub-portal, focusng effects of
deforestation, eroson, water pollution, and the creation of urban areas in the Riacho Fundoin the
Paranoal ake basin, Brasilia, Brazil on:

 biological popuktionsand communities, biodiverdty, habitats, and ecosystems,

e sodal, economc, and cultural processes and values,

« integrated management to meet sugainable development objectives.

4.4 Task 6.5 Collaborative QR case study: River Restoration in
Austria (BOKU responsible)

Develop learning materials (modds) for the NaturNet-Redime QR sub-portal, focusng on
ecosystem, sodal, econonic, and cultural processes and integrated management related to
restoration of rivers and catchment planning in Austria. Themodd will be developed for alarger
river restoration case study (e.g., river Kamp) andwill:
« Giveingghtsin themain drivingforces of theriverine ecosystem,
« Provideundestanding of the mechanisms undelying the restoration actions
« Enable usersto create restoration scenarios by selecting different combinationsof
restoration actions
« Givefeedback to usersto which extend ecological, economic and soda objectives are
achieved.

4.5 Task 6.6 Collaborative QR case study: River Trent and Yorkshire
River Ouse, England (UoH responsible)

Develop learning materials (modds) for the NaturNet-Redime QR sub-portal, focusng on
ecosystem, sodal, econonic, and cultural processes and integrated management of two
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contrasting rivers in England, therivers Trent and Ouse, which suffer from different degrees of
water qudity, flow regulation and habitat degradation problems.

A primary focuswill be promoting undestanding of the need to find baance between sodetal,
statutory and ecological imperatives in compliance with theWater Framework Directive and the
Strategy for Sugainable Development. Thus we will:

* Integrate modd segments developad by othe patnersin theIntegrated Library of
Reusable QR Modd Fragments to provide catchment management scenariosfor
sudainable development of rivers

* Accountfor sodal (risk andysis) aswell as econanic arguments for the variousactions
to ensure the mog cog effective and sodaly acceptable methodsof improving ecological
statusof therivers

e Compare quditative reasoning moddling outputs with those produced by traditiond
scientific methodsof quantitative sampling of thebiota

* Developlearning curriculafor usng the QR-tools and libraries by end-users and thusto
suppot river basin planning and management.

5 Learner Interaction with the QR content on the NaturNet-

Redime web portal

We envision that people will find out aboutthe NaturNet-Redime web portal throughoneof the
following pahs
« A web search on key words Gudainable developmentO(or equivalent in other languayes,
eventudly);
* Referra from someonethey know;,
* Linkfromothe web site (e.g., other EC projects, educationd dites, etc.);
* A web search on key wordsdescribing oneof case studies.

Hence, we anticipae tha learners will differ in ther primary reason for being interesting in the
QR content on theweb portal:
1. Thosinterested in issues surrounding sugainable development or the environment; or
2. Thosinterested specifically in oneof the case study systems.

This difference isimportant because learnesin thefirst category are more likely to beinterested
in learning conaepts and perhapsther application to case studies, whereas learners in the second
category may not beinterested in sugainable development per se butare mainly interested in
learning abouttheissues relevant to whaever case study they areinterested in. They are
therefore likely to want to skip al thebasic content and jump rightto the case study, where they
will learn aboutsugdainable development within the specific context of the case study.

5.1 Organization of QR sub-portal

On the NaturNet-Redime web portal, the learner reads some basic ®ome pageQinformation
about SD, which may includetheddfinition cited in Section 1.1. We envision there beng several
buttonson the Naturnet-Redime web portal leading to different content areas, induding G-
learning®Gl S-based content, and QR-based content. The button leading to the QR content looks
something like this:

L earn about Cause-Effect processes
affecting Sugainable Devel opment

10/17
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This button is linked to the NaturNet-Redime web portal @ QR content home page (the QR sub-
portal). This pagedisplays some backgroundinformation aboutthe content contained in the sub-
portd, like:

Welcome to the Natur Net-Redime QR sub-portal!

Here, you have the oppotunity to learn aboutcause and effect
processes affecting sugainable devel opment.

Where would you like to start?

Learn aboutbasic conaepts of SD|

ILearn how ecosystem services affect hurman well-beind

[Explore case studies of SD in different regions

Build your own QR modd|

Each of these buttonsleadsthe learne throughdifferent curricula on sugainable development.

Learn about basc concepts of SD

This button leadsto a pagetha explainsthethree pillars of SD and offers the choice of exploring
content from oneof thethree pillars (see section 2). Each of thethree choices will give apop-out
menu of conoepts to explore when the cursor hovers over it. Modds in this section will be
smplified versonsof some of the ecosystem services/ human well-beng modds contained in
tha curriculum.

Learn how ecosystem services affect human well-being

This button causes thefigure from the MEA (see section 2.1) to bedisplayed, butwithoutthe
arrows (or they are subduel). When thelearner moves the mouse over oneof thecategoriesin
the (GEcosystem ServicesOcolumn, thearrows will appear (or become highlighted) showing
CCondituents of Well-bengQha are affected. Convasely, when thelearner moves themouse
over oneof the categories in GCondituents of Well-beingQthearrows will appear showing
which GEcosystem ServicesOaffect it. When thelearner clicks on oneof the categories, heor she
will bedirected to a QR content curriculum that seeks to educate aboutthe causdlity of the
arrows.

Explore case studies of SD in different regions

If thelearner selects this option, thebrowser will lead to a menu of theavailable case studies,
each with a short description and thumbnal map of thelocation ontheglobe As case studies are
added, they mightbe groupeal by geographic area, focal topic, etc.

Build your own QR model

This option allows users to create thar own QR modds of SD scenariosto meet specialized
learning needs Thefull fundiondity of this portion of the QR sub-portal will notbeavailable
until theLibrary of Re-usable QR Modd Fragmentsis completed. Thisoptionwill facilitate the
re-use of modd patsinto uniquescenariosput together by theuser. It will also facilitate
modifying these modd parts for further cugomization. Content will beindexed and organized
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hierarchically, to facilitate identification of relevant processes to indudein amodd. For
example, menu choices are listed bdow, and clicking onthe option in bold opensup sub-menus
{water, forests, deserts}
{pollution, health, uses of water}
{supply, irrigation, sewage, fisheries)
{farm runoff, instream flow regulation, mineralization, erosion}

This content will be organized usnga hypebolic tree or similar condrud. This typeof
hierarchical organization has the advantage of being able to smultaneoudy depict the
complexity of the whole system while focusng attention only onwhat theuser is currently
interested in. Thisis accomplished by enlarging the content of interest (as determined by cursor
postion or clicks) and redudang therest of the content in size butkeepingit visible. An
adaptation is necessary, however, because our content is not strictly hierarchicalN there are
multiple links between highea and lower levels of organization, so it is more web-like than tree-
likein structure.

5.2 Case Models bexamples of users interacting with models

To guidethedevelopment of the SD curriculum, we describe severa case modds (notthe same
as @ase studies(). Case modds are useful tools in software and curriculum development where
the develope creates a scenario of a QypicalOearner interaction with the software and
curriculum. This scenario isthen used to create the software and curriculum.

In additionto thetwo primary interest (SD or case study), we envision different approaches to
teaching content. Learners may explore content in each of thefollowing ways:
1. A singlelearnea exploresamodd developed by experts,
2. Several users collaborate to explore amodd developal by experts,
3. A single user developshis or he own modd or modds of system behavior based on
defined gods, and
4. Severa users collaborate to develop thar own modd or modds of system behavior based
onddined gods.

Based on these different user optionsand content interests, we envision specific interactionswith
specific content onthe QR web portal. Thefirst of these case modds (section 5.1.1) has more
detail abouttheweb portal structure, which serves as a guidefor our vision of the @ook and feel O
of theweb portal that isalso valid for the other examples.

Besides the more detailed description of thefirst example, each case modd shares a common
structure:

Users people usng software
Scenario: wha isthesituaion, wha are important aspects
Stakeholders: people or organization who have avested interest in the outcome

of the SD-related decision or indght (NOT necessarily the Users).

A priori Opinions:.  whointheSD scenaio (stakeholders) has wha opinion before use
of QR curriculum

Learning needs: wha does the USER need to learn (not necessarily wha the
stakeholders need to learn)
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Overall Goal: alwaysthesame: SD (see ddinitionin section 1.1) but putin
context.

Procedure: way Users address overal gods and their own learning needs
usng modds.
DMultiple steps

5.2.1 Single user exploring models (general SD interest)
Users: Citizen

Scenario: Thecitizen developsan interest in learning more about SD issues
because of a newspaper article, television program, etc.

Stakeholders: no onespecific BDdependsonissuelearne explores
A priori Opinions. citizen isignotant aboutconaepts of SD
Learning needs: citizen needswants to learn fundamentals of SD.

Overall Goal: citizen should learn howthree pillars inter-relate in making SD
decisons

Procedure: Thelearner redlizestha heor shehasan interest in SD or arelated concept (e.g., the
environment) and decides to search for information on that subject. Based on aweb search, link
from anothe gdite, or referral from an acqudntance, thelearner findsthe NaturNet-Redime web
portal. Thelearner is attracted to thelarge button leading to the QR sub-portal and startsto
explore the curricula, startingwith Q_earn aboutbasic concepts of SDQ movingto Q_earn how
ecosystem service affect humen well-bengQandfindly exploring afew case studies of real
systems. After selecting a particular case study, thelearner@ interaction merges with that of
someoneinterested in a paticular case study (see next section). Thelearner mightalso play
aroundwith building his or her own modds.

5.2.2 Single user exploring a model (focusing on case study)
Users Joumdist interested in learning about SD issue

Scenario: Joumdist is covering the SD issues for a continung nevspgoer
series on SD issuesin Riacho Fundo,Brazil.

Stakeholders: Joumdist doesn®know Dthey are specified in the case study.
A priori Opinions. Joumdist isignorant aboutSD issues in the Riacho Fundo.

Learning needs: Joumdist wants to learn about SD issues specific to the Riacho
Fundo,and how these relate to SD conceptsin general.

Overall Goal: Joumdist should be able to write an article explaining the SD
issues in the Riacho Funda

Procedure: Thejoumdist searches for information pertaining to the Riacho Fundoon theweb
and findsalink to the case study on the NaturNet-Redime QR web portal. Thejoumdist is
presented with a ome pagelfor the Riacho Fund case study, which containsthefollowing
backgroundinformation:
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*  Where the case study takes place (a map and description);

*  Wha typeof systemisinvolved (e.g., ariver tha flows throughaforested
landscape with three townsE) ;

* Wha theenvironmental, econonic, and sodal/cultural concernsare;

*  Whothemain stakeholders are;

* Wha the objectives of the case study are (e.g., to find a sugainable solution tha
addresses concernsof all stakeholders).

Thejoumdist is provided the oppotunity to start interacting with themodd of the case study
system.

5.2.3 Collaborative exploration of models (general SD interest)

5.2.4

Users:
Scenario:

Stakeholders:

A priori Opinions:

Learning needs:

Overall Goal:

Procedure;

Studentsinterested in learning about SD issue
Students have to learn about SD as part of seconday education.

Varies depending on the specific modd D students explore several
modds.

Students are ignorant about SD issues.

Students need to learn fundamentals of SD, as well as how these
are applied in specific cases.

Students need to undestand how three pillars of SD inter-relatein
making SD decisions

1. Studentsreceive assignment from teacher
2. Studentslog onto the QR sub-porta, find assignments, write a pgper aboutwha

they learned.

Single user building a model

Users:

Scenario:

Stakeholders:

A priori Opinions:

Learning needs:

Overall Goal:

Farmer.

Thefarmer wants to increase produdion of creopsso he can make
more money. For tha henesdswater for irrigaion.

Farmer, other users of water.

Farmer bdieves heshould have therightto use water any way he
wants.

Farmer needsto undestand other uses/users of water in the
watershed in order to best make his case as well as present a
reasonable proposl.

Convince local water authority to permit more water extraction
fromriver andtha it won®cause any environmental damage

Procedure: Prior to usang the QR sub-portal, thefarmer fails to convince the water authority to
grant the pemit because they want him to show that the ben€fits outweighthe cogs (in
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economc, sodal, and environmental terms) of the project. Thefarmer readsthe articles written
by thejoumdist (section 4.1) and decides to use the NaturNet-Redime QR tools to achieve his
ams.

Thefarmer starts by finding related topics unde Q_earn how ecosystem services affect human
well-beingQand works throughits assignments. Next, thefarmer explores some case studies that
seem to dedl with related problems. In doing so, the farmer learnsthe basic conoepts of SD and
about QR approaches to exploring SD problems. For example, the farmer explores modds
related to food provisioning, water purification, and fresh water. All of these topics are
potentialy interesting and relevant, so thefarmer sarts exploring them oneby one Thoughall of
the processes are generally relevant, they are not specific to the farmer@ immediate needsfor his
farm. Thefarmer wondes how to assess which processes are mog important when combined,
and how they arerelated. Each of theassignments mentionsthat if the presentation of topicsis
not sufficient to address learning needs it is possible to build your own modd. Herealizes that
would beagoodidea, because he can use themodel to show the water authority tha heis
meeting ther requirements. He follows theingructionsto learn howto dotha. [Details on how
to build your own modd till need to bedeveloped.]

5.2.5 Collaborative using existing models
Users: Stakeholders

Scenario: In asmall town (Littleton)in apoorrura area, acompany (Giant
Paper) wants to build apgoe mill onthe banksof the Pretty River.

Stakeholders: The company
Mayor
Town Coungl
Nature Group
People who live ontheriverside
Restaurant owner in town
Farmers

A priori opinions.  Company wants to build mill to make money.
Mayor thinkswill create jobsand raise tax base of town
Town Counal ismixedN there are lots of close tieswith o

there stakeholders
Nature Groupthinkspagpe mill will pollute water and destroy
habitat for endangered squiggly snall

People who live onriversidethink themill will destroy propaty
values, they don®want to move away

Restaurant Owner thinksmill will create jobsand bring more
cugomers with money

Farmers think the mill will pollute water and make it so they can®
grow crops

Learning needs: The company: eco-friendly options
Mayor: alternativesto meet gods
Town Counal: howto weigh needs of stakeholders
Nature Group: possibilities of eco-friendly produdion and
different ways of conserving nature.
People who live ontheriversde other people have needstoo
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Restaurant owner in town: Pollution might make fish he servesless
desirable
Farmers. water conservation techniques, how to clean water

Overall goal Address conaernsof al stakeholders, keeping to prinaples of SD:
increase qudity of life withoutdegrading environment
Aspects:
Sodal: people like small town aamogpheae, people are concerned
aboutwha kind of people newcomers might be
Economic: jobs revenuefor other busnesses, taxes for community
Environmental: water qudity, endangered species

Procedure: Onenightthereis ameeting at the Town Hall and the Giant Paper Co. presents
plansfor thar paper mill. Thereis heated discussion, and the Town Coundl decidesto form a
focusgroup with representatives from each of the stakeholder groupsdescribed above They
hopetha they can come up with a solutiontha everyonecan accept.

Theregiond Environment Ministry realizes tha thisisa SD issue, and recommendsudng the
QR tools onthe NaturNet-Redime web portal. Everyoneis very relieved tha thereisagood
source for more information to hdp baance the conflicting opinionsand they decideto giveit a

try.

After becoming familiar with thebasic conaepts of SD, the membersidentify relevant content on
portal by fillingoutaquestionnare tha isindexed to relevant modds. For example, they would
pull out moddsrelated to water, pollution, agriculture, endangeed species, employment, etc.
Many of these topics may be contained in asingle modd, butmog likely, several modds will
need to beinvestigated.

Thereisadiscussion based on condusonsfrom the different modds. Some of the members
bring up alternaive optionstha would also meet many of thegods. For example, oneof the
Nature Group members suggests an Eco-park could also bringin tourists that would serve many
of thesame gods by stimulating tourism. These aternaives need to be evaluated with the QR
modds based on prindples of SD.

Based on ther interaction with modds and discussion, thefocusgroup decides:
1. onarecommendaion for the mayor and town coundl, or
2. toinvestigae theissuein more depth.

There are different ways to investigate in more depth. Oneway isto look at a broader set of
modds from different points of view. One of the prepared case studies might also be useful if it
issimilar enoughto ther own situaion. Another way to investigate in more depth is to work
collaboratively to build amodd specific to their system; this would require consultation with an
expert.

5.2.6 Collaborative building a model
Users students alongwith stakeholders

Scenario: Thecitizensof Natureland need to decidewha isthe best use of
thelargeamountof pulicly owned, mountinouswildlandsin
ther region. Severa optionshave been proposd: protect for
biodiversity and wilderness; conserve for forestry, mining, and
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recreation; sell to private timbe or mining companies; sell to small
land-holders for recreation.

A priori opinions. varied

Learning needs: Students: need to learn prindples of SD and how to build modds
that address SD issues
Stakeholders: need to learn how choice of land use affects SD and
howto make thebest decision.

Goal: Decidewhich isthebest use of land tha meets SD objectives.

Procedure:

1. Students learn aboutconaerns of stakeholders

2. Students go to NaturNet QR portal to learn abou al the SD issues

3. Students bring themod relevant modds to atown meeting and present issues to
stakeholders for feedback

4. Everyonerealizesthat it is difficult to determinewhat is the best option without
congdering how thevariousissues and processes interact.

5. Students notice tha building your own modd collaboratively is an activity
suppoted by the QR portal and they decideto proceed with tha. [Details on how
to build your own modd till need to bedeveloped.]

6 Conclusions

Sudainable development may at first appear to be a nebulousand self-contradictory topic, but
there currently exists agoodfoundaionfor educating the public aboutits basic concepts and
applicationsin real world situaions The Millennium Ecosystem Assessment provides an
excellent basis for educating aboutthe connectionsbeween ecosystem services and human well-
being, which coincide amog perfectly with thed€finition of susainable development. These
guiddines will focusthe development of curriculathat use QR technology to make explicit how
the connectionsactudly opeate and interact togeher, both in general and in applied case
studies.
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