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Education in global climate change in a botanical @rden: students’ perceptions
and inquiry-based learning

Daniela Sellmann and Franz X. Bogner

Abstract

The current global climate change has substaniiatheased the importance of
environmental education. Adolescents are knowrat@ltommon concepts about
global change that are often fragmentary or in@briReinfried et al. (Geographie heute
265:24-33, 2008) suggest special learning mates@tbat students face their own
conceptions and are confronted with the correcsolmeour two-day environmental
education programme, combining student-centeredloindnd outdoor activities in an
ecological botanical garden, we implemented splgail@isigned materials to confront
students with a common scientifically incorrect ception about the relationship of
ozone layer depletion with the greenhouse effettte©common alternative
conceptions about global climate change and thentpeuse effect were not explicitly
mentioned in the learning material. We used conogggiping as a tool to reveal
conceptions and potential conceptual changes.d®dghieving high-school students
have taken part in our study so far. Initial resghow that conceptions of our
participants were quite in line with the literatuvée also showed that presentation of
information does indeed play an important roleharying students’ conceptions.
Hence, not only providing the necessary informabahalso confronting alternative

conceptions should be part of any educational nahter



+)

*orgl) 1&= 1'& 2& 9+,-+:

#RR &# & R cZ+5¢c R

9,

RQ

R---5B



Concept Maps in Environmental Education: an Approad to reveal Students’
Conceptual Change

Daniela Sellmann, Anne Lieflander and Franz X. Boger

Abstract

Adolescents hold various alternative conceptionsclimate change. Concept maps
function as useful tools to reveal such conceptidiewever, the time-consuming
analysis of those maps often prevents applicatiortypical classroom situations.
Therefore, we aimed to provide teachers with anr@ppate approach to analyse
students’ concept maps for alternative conceptatspotential conceptual change and,
thus, allow teachers to react flexibly to theirdgnts’ learning needs. We developed a
two-day environmental education programme on glab@hate change which was
applied in the Ecological-botanical garden Bayre@ermany. Three student-centred
learning units were designed to impart knowledgeauses, mechanisms, and impacts
of climate change as well as to provide studenth ways in which they could act to
protect the climate. Altogether, 95 Bavarian stusle(highest stratification level,
‘Gymnasium’) aged 15 to 19 participated in the gtuGender was about equally
distributed (42.1 % girls). Having reviewed theetfdture on students’ common
alternative conceptions on climate change, five room alternative conceptions were
included in a concept mapping task which was agplefore and after our
environmental education programme on global clincatenge. The students completed
the maps in single-sex dyads or triplets. The asalyfollowed selected parameters
(number of alternative concepts, propositions usitigse concepts, students’
conceptions) by employing quantitative as well aaligative methods. A comparison of
pre- and post-maps’ sum scores of the parametesied a significant decrease for all
observed parameters and, thus, pointed to a caradephange. Strong correlations
between qualitative and quantitative parametergwapparent, subsequently leading to
an alternative analysis of those concept maps. dpysoach is, due to its simple and
merely time-consuming handling, applicable in avaional classroom situation and
may inform teachers about students’ alternativeeeptions. This may help them devise

instructional strategies accordingly.
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Climate change education: quantitatively assessinghe impact of a botanical

garden as an informal learning environment
Daniela Sellmann and Franz X. Bogner

Abstract

Although informal learning environments have beemlied extensively, ours is one of
the first studies to quantitatively assess the chpé learning in botanical gardens on
students’ cognitive achievement. We observed apodul(" graders participating in a
one-day educational intervention on climate changdemented in a botanical garden.
The students completed multiple-choice questioesain a pre-post-retention test
design. Comparing the test scores revealed a mignifshort-term knowledge gain as
well as a long-term knowledge gain. Consequently, results show the potentials of
botanical gardens as effective learning environsjeand for complementing formal

school-based learning settings regarding climasaga education.

Keywords: environmental education; botanical garden; cogaitichievement; climate
change; out-of-school learning

Introduction

Botanical gardens today have multifaceted respditgib (Schulman and Lehvavirta
2011) (Figure 1). Since the foundation of the fisstanical gardens in Europe in the
sixteenth century, their activities have constaettpanded: they serve as facilities for
research, recreation, and education as well (Kppée Bradley, and Jacob 2002;
Primack and Miller-Rushing 2009; Schulman and Lein@ 2011). Within recent
years, the global mission for conservation has imecocreasingly important (Wyse
Jackson and Sutherland 2000). Within the Globaat&yy for Plant Conservation
climate change is considered to be a threat tot pliversity (Secretariat of the
Convention on Biological Diversity and Botanic Gand Conservation International
2002), thus requiring an adjustment of the tradalomain botanical garden tasks to
meet the challenge of global climate change (Schnland Lehvévirta 2011).

27



Conservation Research

Responsibilities of

botanical gardens ;
9 (Public)
Teaching Education
Recreation
Figure 1. Responsibilities of botanical gardenslaio (based on Kohlleppel,

Bradley, and Jacob 2002; Schulman and Lehvéavirid 20

Botanical gardens are valuable institutions in alienchange research as they offer a
great range of resources such as a diverse flatadimg invasive species, herbarium
specimens, phenological gardeénss well as consistent environmental conditions
through extensive care (Primack and Miller-Rush2@)9). However, unlike other
research facilities, botanical gardens also haveducational mission. Traditionally,
botanical garden education approaches focus onrimgafactual knowledge about
plant species and ecosystems. Environmental educatid education for sustainable
development have been added later to the repeftdichener and Schultz 2002) as an
answer to the major anthropogenic changes of thedisoecosystems we are facing.
Environmental issues and problems of the twenst-ientury (e.g. fair trade, land use,
and recycling) are less common in educational iognes than traditional themes (e.qg.
plant diversity and plant science): the topic afnelte change is addressed by only one-
third of botanical gardens, as the results of aesuwith over 100 botanical gardens
show (Kneebone 2007).

Consequently, the Botanic Gardens Conservatiomnat®nal (BGCI) (an organization
whose mission is the conservation of threatenedt @pecies worldwide; its members
are mostly botanical gardens) considers environaheatucation, and especially
education for sustainable development, to be a mesiponsibility of botanical gardens
(Willison 2006; Willison and Green 1994). With sonaditional training and
professional support, educational staff may provibelagogical content knowledge

(Shulman 1987), serving the huge demand for enmgortal education. All the current

?B



2500 botanical gardens worldwide (http://www.bgag,caccessed 13 July 2011) receive
at least 200 million visitors per year (Oldfield12D); in Germany, the 100 botanical
gardens account for about 20 million visitors peary(http://www.verband-botanischer-
gaerten.de; accessed 13 July 2011). Among thera #rernot only free-choice garden
visitors, but also many student groups visiting gfaedens during the course of a field
trip. Those large numbers of visitors account fdrigh qualitative and high potential
impact and, therefore, qualify botanical gardenseay suitable sites for education on
environmental issues.

Today, climate change, being one of the most prentiisocioscientific issues of our
time (Klosterman and Sadler 2010), needs to beeaddd through (botanic garden)
education. It is important to provide the publidiwstrategies to protect the climate and
to educate the general public about the multifateited complex phenomenon of
climate change, especially its diverse consequeforgsdants, ecosystems, and human
beings. Although the mass media substantially erfae the public opinion on climate
change, the information provided is sometimes is@iant; this contributes to the
uncertainty of the public concerning this issue amdhe formation of scientifically
incorrect conceptions (Fortner et al. 2000). Thaneef suitable education programmes
are needed to enhance scientific knowledge in oteeduce existing uncertainties
(Fortner et al. 2000). The influence of knowledge attitudes and behavior is
controversially discussed. Most authors regard kedge — to a certain extent — as an
influential factor (Kollmuss and Agyeman 2002); lspme, knowledge is even
considered to be a prerequisite for individualtad@e and behavior formation (e.g.
Bogner 1998; Kaiser and Fuhrer 2003). Consequestern, Powell, and Ardoin (2008)
stated that the two major aims of environmentalcatan programmes are to enhance
knowledge and ultimately to positively influenceveanmental behavior and attitudes
towards nature. We consider knowledge as an impiofadator in a whole set of diverse
aspects influencing attitudes and behavior. Conisigea competence model for
environmental education described by Kaiser, Rocaad Bogner (2008), the type of
knowledge also plays an important role on its iflce on attitudes and behavior.
While ‘system knowledge’ may only have an indiraofluence, ‘action-related
knowledge,” and ‘effectiveness knowledge, may diye influence behaviof.
Therefore, in our environmental education interintwe provided students with all

three types of knowledge.
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Typically, climate change education is conductedhia classroom. There are various
studies focusing on students’ conceptions abomatk change (e.g. Andersson and
Wallin 2000; Shepardson et al. 2011) and how tham@ceptions may be altered
through instruction (e.g. Lombardi and Sinatra 2(0R&bich and Gautier 2005). Other
researchers compared different instructional aggpres for their efficiency in climate
change education (e.g. Klosterman and Sadler 2@&t@)ut-of-school settings, climate
change, being a threat to species and ecosystamsfein integrated into existing
environmental education programmes, rather thameadohg the topic in a separate
intervention.

Botanical gardens have the expertise to communicatgeople of all ages scientific
evidence related to climate change. Especiallystodents, climate change being a
global phenomenon is an abstract process and,ds sat easy to understand. This
may lead to problems when teaching this complexctoBotanical gardens allow
showing students plant collections and ecosysteorma &ll over the world and, thus,
may give them the chance to explore these ecosgstama small, model scale.
Thereby, botanical gardens may serve as a ‘winaothé world,” allowing to get an
understanding of the global relationships of clienathange related phenomena.
Consequently, the International Agenda for Cong@man Botanic Gardens states that
botanic gardens are well placed to ‘[d]evelop amglement educational and public
awareness programmes on climate change and itstefé® biodiversity and global
sustainability’ (Wyse Jackson and Sutherland 2080,

There are few educational studies conducted innimbgardens (e.g. Conlon Morgan
et al. 2009; Michener and Schultz 2002; Stewart220@nnicliffe 2001) and that is
why Sanders (2007, 1209) argues that botanicalegarchre an ‘underresearched
educational context’; empirical studies about ctenehange education or the cognitive
achievement through the participation in botangaidens’ educational programmes,
therefore, need further attention. In general,rsx@dearning is an important outcome of
visits to informaf learning environments (including botanical gardefsnderson,
Storcksdieck, and Spock 2007; Bamberger and Tad; 288k and Needham 2011; Falk
and Storksdieck 2010). To assess learning outcoenpation is essential when
implementing (environmental) education programnmesut-of-school learning settings
such as botanical gardens (Stern, Powell, and Ard008; Willison and Green 1994).
Nevertheless, many environmental education progresniack a systematic evaluation

approach (Carleton-Hug and Hug 2010). Similar teitwvig informal, free-choice
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learning environments, participating in residengiavironmental education programmes
can lead to short-term affective and cognitive omtes, but very often the absence of
follow-up tests does not allow any conclusions & dsawn about effect persistence
(Carleton-Hug and Hug 2010; Rickinson et al. 208#&rn, Powell, and Ardoin 2008).

Limited available resources (time, staff, and bupgmay cause this failure to

administer follow-up tests. This is also true fastdmical gardens. In her survey,
Kneebone (2007) showed that although over 70% efdgardens use some kind of

evaluation at least sometimes, only one-fifth @nthalways evaluate their programmes.

Motivation
and expec-
tations

Reinforcing
experiences knowledge,
outside the interests,

museum and beliefs

Contextual
Model of
Learning

Choice and
control

Within-
group socio-
cultural

Orientation
and
advanced
organizers

mediation

Facilitated
mediation
by others

Fa ‘] -
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Figure 2. The contextual model of learning (Faikl ®ierking 2000).

Typical educational approaches in botanical gardewtude guided tours, talks,
exhibitions, workshops, and free-choice learning.(self-guided tours and interpretive
signs) (see Falk (2005) for a definitfpnartistic approaches (e.g. poetry, dance, theatre
and music), and many others (Kneebone 2007). Ssu{@@07) suggested reviewing the
ratio of the formal (educator centered) to morenopeducational approaches applied in

botanical gardens. This suggestion is supporteda kstudy conducted in a natural
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history museum revealing that although the studantsteachers were highly satisfied
with the guided tours in which they participateelwfstudent-centered elements could
be observed and little cognitive achievement cdaddmeasured (Cox-Petersen et al.
2003). Tal and Morag (2007) came to similar resuitsa study conducted in four
natural history museums; they suggested applyiegcgocultural approach in order to
give students more time for interactions. DavidsBassmore, and Anderson (2010)
showed that students visiting zoos indeed had aed&s interact socially with their
peers. Usually, this is unwanted during guided gonhere students are supposed to
listen to the guide attentively. Student-centretneng approaches give more space for
such social interactions and many activities ewvequire them. Therefore, Falk and
Dierking (2000) included a sociocultural factortireir Contextual Model of Learning
(Figure 2), which can be used to understand andawepvisitors’ learning.

Our study followed the suggestions of Schatz (2€tetl in Mortensen and Smart 2007,
1390): we structured the free-choice learning erpee within the botanical garden by
offering student-centred learning units that areranopen than traditional, formal
approaches like guided tours, yet are more stredttiian the experiences in informal
learning settings. We focused on the question @tiadr botanical gardens can serve as
effective educational institutions with regard teetissue of climate change. Our
objectives therefore were to address the follovguagstions:

(1) Can participation in a one-day environmentalcadion intervention in a botanical
garden enhance students’ knowledge on climate @?ang

(2) If there is a knowledge gain, will it be petsist over a long period of time?

Materials and methods

Participants

Altogether, 108 Bavarian high school students (@& tollege preparatory secondary
school level, ‘Gymnasium’) 15-19 years of age pgéted in our study (as the

treatment group). Slightly more female than malelestents participated (65.74% of
the participants were female). All participants eafrom rural environments in the

region of Bayreuth. School classes were selectednwieachers were willing to

participate with their students and parents gaed fhermission (opportunity sample).
Altogether, students of six classes participatedour study. Unfortunately, the

governmental authorities did not allow the colleotiof extensive demographical data

(e.g. access to outdoor environments at home, sgnades, and parents’ jobs) due to
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confidentiality reasons. A group of 37 studentso(sehool classes) of the same age and
educational level completed knowledge tests withpauticipating in our environmental
education intervention and participated in usuakstoom instruction. This test-retest
group we judge as necessary in order to excludsilledearning effects caused simply
by repeated completion of the knowledge test orgbgeral instruction outside any

school environment.

The out-of-school setting

The ecological-botanical garden in question isseaech institution of the University of
Bayreuth offering space to various research tedmsts public greenhouses and
outdoor areas, it displays more than 10,000 plpetiss from all over the world. In
contrast to other, traditional botanical garderst #rrange their plants, for example,
according to plant taxonomy (e.g. university or megl gardens), the plants of the
ecological-botanical garden are grown in habitatsigting their natural environments.
This allows visitors not only to view plants’ feats, but also gives an impression of the
environments where these plants naturally grow20a0, the garden received about
41,000 visitors altogether, including 88 schoolug® from kindergarten through high
school (Aas 2011) that experienced the educatiofferings (mostly guided tours
focusing on various topics). Most of the studersie within the framework of annual
field trips to get an overall impression of the dgm. Some groups came already
prepared with teachers who explicitly requestedigditours to study specific topics in
depth. The garden additionally offers exhibitioadjstic events (readings, concerts) as
well as an annual ‘Gardeners’ Day’ providing viebsshind the scenes and specific
expert knowledge. The highlight of the year is fBarden Day’ which has a different
theme each summer. The educational programme afaiten is managed by the full-

time staff of the garden with support of volunteers

The environmental education intervention

Our one-day environmental education interventiommased of two learning units
focusing on global climate change: the first onevted background information about
the issue of climate change by learning at worlatat while the second one consisted
of more practical activities within the garden. Timeervention was designed to be
applicable in a daily garden routine. Rather thacu$ing on the general public that
visits the garden, we decided to target schoolsekvisiting the garden during their
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compulsory annual field trip day. As explained adothis kind of student groups
regularly visits the garden without special focWe therefore offered an intervention
which can be integrated into instruction at schddle intervention complemented the
existing tenth-grade curriculum by including conmpesive ecological knowledge and
environmental topics in biology and global climateange in geography. We decided
for an open learning approach in order to allovdstuis to interact with their peers and
educators. Our student centred learning units fxtws learning at workstations and on
group work as well. Workstations allow studentsamork independently in their own
pace with self-instructional materials; the teachets as a supporter rather than being
an instructor (Randler et al. 2007; Schaal and Bod@®05). The activities provided
opportunities to the students to learn about these€s, mechanisms, and impacts of
climate change, as well as options of how individan contribute to climate change
mitigation.

The first unit comprised of eight obligatory thetcal workstations as well as one
optional workstation with each workstation coveriagdifferent topic. The optional
workstation was provided for faster working studeritis contents were not part of the
knowledge test. All workstations were set up siamdfously in the garden’s seminar
room. Each group of 3—4 students rotated throughwbrkstations, completing the
activities of each workstation before moving orthie next. Every student filled in his
or her own workbook. The workstations dealt witle tfollowing topics related to

climate change:

» the greenhouse effect (natural and anthropogenic);

* greenhouse gases (e.g. carbon dioxide and methane);

« climate changes in the history of the Earth: iceesand dendrochronological
analyses;

» the contribution of food production and transpaotatto carbon dioxide
emissions;

» the effects of climate change on ecosystems (hygusie example of the food
chain interrelations of the Winter Motpheroptera brumafa Great TitParus
major], and Pedunculate Oal{iercus robup);

» different climate scenarios;

« climate policy: national and international stratsyi



e energy saving in everyday life; and the energy ruaacalculation of the
students’ homes (optional).

The first unit, which was more theoretically oriedit was followed by a practically
oriented second unit. In the second unit, the stisdeeceived an ‘explorer-booklet’ and
a map indicating different sites in the garden amdhe public greenhouses. After
locating an indicated site, each group of studaséxl the material provided at the site’s
workstation to learn more about specific plant sgmeand their ecosystem. Each
workstation focused on particular plant species a@d located in the area of the
gardens where the species is growing. The stuage®ded to work with the plants and
the educational material in order to solve taskseming the multiple consequences of
global climate change on plant species, ecosystemd, eventually, humans. The

second unit comprised the following practical weaki®ns:

* ‘Tropical!: About the tropics with a special focus the family of bromeliads
(Bromeliaceae) and its adaptations, about defdrestand its causes, and the
possible impacts of climate change on the ecosystem

* ‘Playing with fire’: Dealing with Australian fire @systems as an example for
arid ecosystems and how they are affected by aiinchbinge. The plants in
question ar®anksiasp. andeucalyptussp.

* ‘The Forest of Tomorrow: Covering the impacts dimate change on the
German forests and their meaning for forestry asmgptified by two trees: the
European Sprucé’{cea abiesand Common Beeclirégus sylvatica

« ‘Above the Clouds’: Addressing the impacts of climahange on alpine plants
and on ski tourism, an important branch of econamghe Alps. Students can
choose the plants they are interested in from #ndem’s alpine section.

*  ‘More Power!’: Introducing the Yellow Ironweed&/ érbesina alternifoligas an
example for renewable primary products.

* ‘Weatherman’ (optional): Comparison of the actuamperature and
precipitation (as consistently measured by the ey@sdweather station) with the
longterm measurements displayed in a local climbéet.

Both the workbook for use at the theoretical waakiehs and the explorer booklet for

the practical workstations followed the Contextibdel of Learning (Falk and
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Dierking 2000) and its eight characteristics withplications for learning (Kisiel 2003)
(Figure 2). For example, we provided advanced argas within the working material
to reduce students’ insecurity within the unfamili@anvironment, or allowed
collaborative learning by allowing students to wotkgether in small groups.
Subsequent to every unit, we conducted a consmligthase to allow students to
discuss their results with peers and educatorsetisa®/to ask any questions in the event

of any comprehension difficulties.

Data collection and analysis

A multiple-choice test consisting of 30 items congrthe contents of both intervention
units (Table 1) measured the students’ cognitiveiesement. We decided for a
quantitative approach for multiple reasons: (1assess the knowledge gain of a large
sample (Mertens 2010), (2) to interfere as lesgp@ssible and avoid influencing
participants responses (‘nonthreatening’ Merten402@52), and (3) to make the
approach easily applicable within the frameworkoaf intervention and for possible

further evaluations in the botanical garden.

Table 1 Examples of knowledge test items

Learning unit Sample questions
Which of the following foods is most harmful foreth
climate?

Unit 1: Changing climate —
in eight stations around th
world

Apple/Beef steak [correct]/Potato

SWhen trees die or burn...

CFCs are being emitted./oxygen is being emitted,/{SO
being emitted.

Which of the following tree species should be pant
least in Germany with regard to the climate changes
foreseen?

ine/Beech/Spruce [correct]

hich effect does climate change have on alpine
regions?
The tree line is shifting to higher altitudes.[@mt]/
Biodiversity is decreasing./Specialized plant specre
spreading.

Unit 2: Climate change an
our vegetation

Data collection followed a pre-test—post-test colngroup design (Mertens 2010, 134—
5). The test was applied one week before (T0), ichately after (T1), and 4-6 weeks
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after the students participated in the interven(i?) (Figure 3). To prevent test effects,
the order of items and distractors was varied frhetest administration. Participants
were unaware of any testing schedule.

A control group completed the questionnaires atTlQ,and T2 without participating in
the intervention. For analysis, the students’ dueshires were scored: each correct
answer was given a score of one point and eachirextcanswer was given a score of
zero points. The scores of the individual questamitems were summed to give the

total score for each questionnaire.

Unit 1: Unit 2:
Various aspects Climate
of climate change and
change; causes, vegetation Retention
Pre'test mechanismS, (pub“c POSt'teSt t
. ; est
impacts (seminar greenhouses &
room) outdoor area)
Ty Participationin T, T, -~
(1 week before environmental (directly after (4 to 6 weeks -
participationin education participation in after
program) program program) participation in
program)

Figure 3. Study design.

The sum scores were analysed using PASW (Prediginadysis SoftWare) Statistics
18.0. For comparison of the pre-test and post$estes (short-term), pre-test and
retention test scores (long-term), and post- atention test scores (persistence), we
applied the dependent t-test. Furthermore, angrdep comparison was conducted for
each test to be able to exclude effects that migive occurred by chance (Mertens
2010).

We explicitly instructed teachers not to teachrtaidents about climate change within

the period between the post- and retention tests.

Results

The implemented knowledge scale showed a highbibtig with Cronbach’s = .77.
The inner-group comparison of the pre-test and-fesdétknowledge scores (short-term)
(Table 2) revealed a significant increase for teatment group. Comparing the pre-test

and retention test scores (long-term), we obsewsigdificantly higher knowledge
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scores for the retention test. The post- and netmntest scores did not differ
(persistence). According to Cohen (1988, 1992 eld=2009), the effect sizes (r) for
short- and long-term knowledge can be rated as itm&d(.30 > r < .50) and ‘great

effect’ (r > .50). For the control group, no effegtere found.

Table 2. Inner-group comparison results of thewdadge scores for the treatment
group

t(107) p r
Short-term -6.78 <.0001 .55
Long-term -5.20 <.0001 45
Persistence 1.59 n. s. -

Note Effect sizes are reported only for significarffatiences. Short-term = pre- vs. post-test; longite
pre- vs. retention test; persistence = post- uentin testy = effect size; n. s. = not significant.

The intra-group comparison results (Table 3) shogaite similar pre-test knowledge
scores for both the treatment group and contralgrdlevertheless, the treatment group
had higher knowledge scores in the post-test amatien test. The effect sizes can be

considered as ‘small’ (r < .30).

Table 3. Inter-group comparison results of the Kiedge scores for the treatment

group and control group

Treatment group vs. control group

t(143) p r
Pre-test 1.03 n.s. -
Post-test -2.16 <.05 .18
Retention test -2.29 <.05 .19

Note Effect sizes are reported only for significarffatiencesr = effect size; n. s. = not significant.

No gender effects were found.

Discussion
Knowledge gain
The significant short-term cognitive achievemerfeaf found in our study answered

our first research question: a one-day environnheathucation intervention in a
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botanical garden can indeed improve the knowledyellof participants. As the
intragroup comparison of the treatment group amddbntrol group showed a similar
pre-test knowledge level for both groups, simpkt &dfects can be excluded. Thus, the
gain in knowledge can be exclusively attributedpéaticipating in our environmental
education intervention. This is an informative ifesior educators and teachers;
especially because there is only limited reseamchstdents’ learning in botanical
gardens (e.g. Stewart 2002). Concerning the knayeleghin, our results are consistent
with qualitative studies conducted at various dusahool learning settings, such as at
zoos (Davidson, Passmore, and Anderson 2010), ccieentres (Falk and Needham
2011), and natural history museums (Bamberger ald2008). All authors of these
studies had assessed the cognitive achievement saftdents visited the particular
learning setting. Yet, these studies were baseduatitative data, mainly interviews
which allowed a deeper insight into students’ mititesn quantitative approaches do,
but their findings cannot be readily generalizedim@te change education studies
conducted at school and university settings alsawsld positive shifts of knowledge
gain and change of students’ conceptions afteruagon (Klosterman and Sadler 2010;
Lombardi and Sinatra 2012; Rebich and Gautier 2005)

Persistency of knowledge gain

Our students’ cognitive achievement was persisterdr a period of 4-6 weeks,
although the effect size was quite small. Howewe,think that our second research
guestion can be answered in the affirmative. Smm#gults have been found in studies
in other out-of-school learning programmes. A Germational park study analysing
the effect of participation in a one-day residdrgiavironmental education programme
on cognitive achievement showed significant posishifts in students’ knowledge that
lasted over a period of four weeks (Bogner 1998uskk and Card (2004) analysed the
self-reported knowledge of adolescents particigaiima conservation education camp:
although knowledge scores were highest directlgrathe camp participation, the
observed increase was still present one monthvadtels compared to the pre-test. In a
recent study on an outdoor educational intervertioplants, the students’ participating
in the intervention had higher knowledge scores pamed to a control group
experiencing traditional classroom biology lessonBe cognitive achievement was
constant even three months after the studentsicgeation (Fanovi ova and Prokop
2011).

75



Although similar to the studies mentioned, our hsswere surprising with regard to
long-term cognitive achievement, because one wenfibct students to ‘lose’ at least
some part of what they have learned as in most gthdies. However, a science centre
education intervention on the topic of salt alsodoriced a persistent knowledge gain
that was stable over a period of six weeks (Meisand Bogner 2011). In both studies,
ours and the aforementioned, the methodologicaligde®f the learning units
presumably had a positive influence on learningcame. The student-centered
approach gives participants the possibility to rae socially with their peers. This
aspect seems to be an important factor with reg¢ardcience learning in informal
learning settings (Cox-Petersen et al. 2003; Dawvid®assmore, and Anderson 2010;
Falk and Dierking 2000). Nevertheless, there isidewange of factors influencing
learning in out-of-school settings (Falk 2004) amel may not fully understand which
combination of factors has led to our participardséat learning success. Yet, we
assume the careful design of our environmental aduc intervention, which was

based on recent findings of researchers in the,fielplay an important role.

Limitations

We did not implement any pre-visit or post-visitigities related to our intervention.
This was necessary to be able to attribute the umedseffects exclusively to the
students’ participation in the intervention. In @alr setting, of course, it would be
preferable to include participation in an enviromtad education intervention in a more
extensive teaching unit. The visit to the botangalden may serve as an introduction
or a central part or a highlight at the end of thngt. Additional teaching activities
before and after participation have been shown ribaece the outcomes of an
environmental education programme (Smith-SebastioGavern 2006). Stern, Powell,
and Ardoin (2008) analysed the outcomes of a resimleeducation programme for high
school students in a national park. They showetlkhawledge scores were positively
correlated with the degree of pre-visit preparatidherefore, we assume that the
students’ cognitive achievement could be even higheur climate change education
intervention was complemented with additional téaglunits before and after. This
would certainly be the case if the intervention wasplied in a setting without
limitations due to our study design.

We decided for a quantitative approach for reasexydained above. However, the

quantitative character of our data collection daes allow any precise conclusions
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about the factors that influenced students’ knog#edain and retention. Additional
research with a smaller sample applying qualitathethods such as interviews could
give more insights into this aspect. This assumpis reflected by the increase of
qualitative and mixed-method approaches in outdwlucation research (Rickinson et
al. 2004).

School trips to out-of-school learning settingelkotanical gardens often last only one
day; that is why we have designed our intervent@aeccordingly. Residential
environmental education programmes, however, haveose positive impact on
cognitive achievement over longer intervention @asi Stern, Powell, and Ardoin
(2008), for instance, compared the outcomes ofethand five-day interventions
conducted in a national park and found an enhagoeditive outcome in the longer
programme. Although our results were promising,assume that a longer intervention
duration might have led to an even higher knowleglga. Yet, a longer duration might
cause difficulties with school schedules and pgditton might only be possible during
special project phases and thus require even momemdément of teachers and
educators.

Today, botanical gardens all over the world facedhallenge of climate change and are
engaged in educational programmes to inform thdipabout this ever increasing
threat (Willison 2008). Yet, due to the limited nioen of empirical studies in botanical
gardens, a thorough comparison of our results wiithilar studies up to now remains
incomplete. Still, we assume the transferabilityoofr results to similar gardens as
studies in various out-of-school learning environisehave shown similar outcomes.
Botanical gardens have proven to be effective dduea institutions concerning
environmental education and the topic of climatangfe. The application of student-
centered learning approaches in botanical gardersvaluable way to contribute to
climate change education and can add to the infol®aaning opportunities of these
facilities.

Among others, the aim of environmental educatiomgmmmes is to enhance
knowledge and, in the end, positively influencétadies and behaviors (Stern, Powell,
and Ardoin 2008). The ecology-specific competenaadeh of Kaiser, Roczen, and
Bogner (2008) considers knowledge to directly ieflae conservation performance.
Furthermore, knowledge is seen to be a base fofottmeation of ecological behavior
(Kaiser and Fuhrer 2003). Actually, the increasenhigh school students’ knowledge

and attitude scores after an environmental sciesm@se correlated significantly
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(Campbell Bradley, Waliczek, and Zajicek 1999). éatingly, the knowledge gained
through participating in our intervention may se@® a base for the formation of
climate-friendly attitudes and behaviors. We haval@ated these aspects in our study

as well and the results will be presented elsewhere

Implications for teaching and conclusions

‘It is imperative to share the results of EE [eomimental education] evaluations, both
to inform the evaluation field and practitionersiE’ (Carleton-Hug and Hug 2010,
163). The results of our study may be helpful tacadors and teachers interested in
visiting one of these botanical facilities with ithetudents. Although our study was
limited to one specific garden and one selecte@rvention, we assume similar
outcomes for similar environmental or climate changterventions. Each botanical
garden is differently structured and displays dédfe plant species, yet they mostly
provide similar facilities and opportunities. Boizal gardens therefore not only
contribute to climate change research, but thay miay effectively educate adolescents
(and adults) about this important socioscientifisuie. By doing so, botanical gardens
meet the requirements of the Global Strategy foanPIConservation and the
International Agenda for Botanic Gardens in Conatown.

The environmental education on climate change tarbcal gardens cannot substitute
for classroom instruction. It may provide a valwabtdition to classroom instruction if
the content is already addressed in the syllalmotf botanical gardens may even serve
as the only suitable source of knowledge for sttglas it was the case in our study.
Botanical gardens provide ideal preconditions fiimate change education as they
offer the opportunity to combine the biological ajgbgraphical aspects of the issue.

In summary, we assume botanical gardens to be &iteal for environmental education
on global climate change and our results indidad they are as effective as other out-
of-school settings.

Notes

1. Phenological gardens are used to determine winm@duced changes in the
phenology of plant species. Phenological staget aha observed are, for example,
beginning of flowering or leaf fall. There are seleprojects connecting phenological
gardens from different global regions (e.g. Intéorel Phenological Gardens, Global

Monitoring Program).
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2. System knowledge comprises basic knowledge abocgrtain topic, e.g. climate
change (The production of energy through burnindossil fuels leads to greenhouse
gas emissions.). Action-related knowledge concénesavailable behavioural options
(Energy saving is a way to reduce greenhouse g&siems and helps mitigate climate
change.). Effectiveness knowledge qualifies to ssé®w effective a behaviour might
be (The use of energy-saving lamps needs five tigsssenergy than that of an electric
bulb.).

3. Within this paper, we refer to nonschool leagreémvironments as ‘informal.’

4. ... the termfree-choicelearning is used to refer to the type of learniingt occurs
when individuals exercise significant choice andtoal over their learning. Free-choice
learning typically, but not necessarily, occurssalg schools (Falk 2005, 270).

Notes on contributors
Daniela Sellmann is a PhD student at the Universit3ayreuth working on climate

change education in a botanical garden supervigéadnz X. Bogner.

Franz X. Bogner is a full professor since 1997. sfiecial research field is science and
environmental education: (1) attitude measurementiependently confirmed, now in a
worldwide usage; (2) knowledge structure within BRg (3) behavior scale (coop. with

F. Kaiser).
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Effects of a one-day environmental education inteention on environmental

attitudes and connectedness with nature

Daniela Sellmann and Franz X. Bogner

Abstract Besides cognitive learning effects, short-termimmental education (EE) is
often regarded as ineffective in intervening widlrtigipants' environmental attitudes
and behaviour. However, in Germany, school clasfies participate in such 1-day EE
programmes because they better match the scha@wdum in contrast to longer
(residential) programmes. We therefore monitoréeday outreach EE programme on
global climate change to reveal whether environalattitudes and/or connectedness
with nature of tenth graders are affected. Studeots German high schools (college
preparatory secondary school level, ‘GymnasiumQ)1) from age 14 to 19
participated in the programme (treatment groumoitsisted of two student-centred
learning units on the topic of climate change. Aiddally, we chose a control group of
students who did not participate in the programhoemeasure students' environmental
attitudes and connectedness with nature, we adiadkthe Two Major Environmental
Values (2-MEV) and the Inclusion of Nature in Ssdale in a pre-, post- and retention
test design. The pre-test was administered 1 wekkdy the post-test directly after and
the retention test 4 to 6 weeks after programmgqgaation. Analyses revealed a
positive long-term effect only for utilitarian vads (one of the two major environmental
factors of 2-MEV) which decreased significantly.eféfore, depending on the
programme’'s content, short-term EE programmes ¢thadeg/ have an influence on

participants' environmental attitudes.

Keywords Attitudes . Environmental values . Environmentii@tion . Botanical

garden . Climate change
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Introduction

In times of global climate change, the importanterwvironmental education (EE)
becomes more and more evident. While this glolrebthneeds intensive research in
order to copevith the resulting major problems, a consistengfar and ‘translation’

of scientific facts and research results to theeg@rpublic, including school children
and adolescents, is an equally important challeAgeglobal climate change is a very
complex phenomenon and vast information is omngres our media, people of all
age groups often feel uncertainty about this t@pard et al. 2000; Fortner et al. 2000).
This underlines the need for appropriate educatiamaroaches where educators must
keep in line with the fastgrowing research bodyt-Gfeschool learning settings often
have closer and more authentic contacts to nevargséssues than conventional
classrooms. Therefore, besides offering ideal gt conditions via first-hand
experiences, such outreach settings might well@tpgaching climate change (Stern
et al. 2008). Within this context, besides fundiignas research institutions, botanical
gardens are aware of their educational role andidenenvironmental education as one
of their main functions (Willison 2006; Willison drGreen 1994); still, biology
education within this context is an under-reseatdiedd (Sanders 2007).

Typical aims of environmental education programaresto (persistentty enhance
knowledge and environmental attitudes and, in #1g end, to foster environmentally
friendly behaviour. Knowledge and environmentaltadies are regarded to serve as an
essential base for environmentally friendly behavi@yrka et al. 2010; Kaiser et al.
2008). In their competence model for environmeathlcation, Kaiser et al. (2008) state
that the type of knowledge plays an important moiets influence on environmental
behaviour. While ‘system knowledge’ may only haweradirect influence, ‘action-
related knowledge’ and ‘effectiveness knowledgeymimectly influence behaviodr.
Environmental attitudes seem to directly influepce-environmental behaviour:
studies found attitudes to have varying impact emaviour (e.g. Kollmuss and
Agyeman 2002). Many studies have proven the alolityutdoor education
programmes to positively influencing environmeratitudes (e.g. Bogner 1998;
Bogner and Wiseman 2004; Fani ova and Prokop 2011; Johnson and Manoli 2011;
Kruse and Card 2004).

By offering a first-hand experience and enjoyabipegiences in nature, EE
programmes at outdoor learning settings may not affiéct knowledge and

environmental attitudes but could also influengeeson’s degree of connectedness
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with nature. While environmental knowledge canrbparted at both school and out-of-
school learning settings, a connection to naturg b@aenhanced when having a direct
(and authentic) contact to it (Chawla and Cushid@72, simultaneously addressing the
affective domain. Schultz (2002) described the humature relationship as an
inclusion of nature in the self and defined itlas tlegree to which a person feels nature
to be a part of his/her self. As our contact wittune nowadays is often small, an
intervention specifically fostering connectedne$ wature may be an answer.
Connectedness to nature should, therefore, befahe aims of EE (Ernst and Theimer
2011). Actually, such a positive influence on cartedness with nature has been
repeatedly described (e.g. Schultz and Tabanic@;28t@rn et al. 2008). Consequently,
Kaiser et al. (2008) integrated connectedness ndathre into their competence model
which was specifically designed to monitor envir@amtal education outcomes (Fig. 1)
by considering perceived connectedness with natsifeaving a positive influence on

individual environmental behaviour.

----- » / Connectedness
- with Nature

Action-related
Knowledge

Conservation
Performance

System
Knowledge

Effectiveness
Knowledge

Fig. 1 Competence model for environmental education (baseKaiser et al. 2008).

Solid arrows indicate empirically established ef§eevhereas dashed arrows indicate

hypothetical but possible effects
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One important aspect influencing outcomes of EEjammes, whether environmental
attitudes or connectedness with nature, seemstteeldength of intervention
(Rickinson 2001; Zelezny 1999). This is especitlle for environmental attitudes:
While 1-day EE programmes often have no long-teifects on environmental attitudes
(e.g. Bogner 1998; Stern et al. 2008), programm#slanger duration may lead to
positive effects: Bogner (1998), for instance, diésd positive shifts in students'
environmental attitudes on ‘Preservation’ and ‘idétion’ subscales caused by
participation in a 5-day field trip programme. Chags were persistent over a period of
6 months; within Bogner's study (1998), a 1-daysiaer of the programme produced
selective shifts only in some ‘Utilisation’ subsesl Similar effects on participants'
environmental attitudes were reported from a regideEE programme (Stern et al.
2008). Consequently, repeated or long-term imple¢atems may ensure persistent
effects which eventually may last for life. Nond#ss, residential EE programmes
often produce severe problems in school schedDiessely packed curricula often do
not allow out-of-school experiences exceeding sirgginual field days. Thus,
discrepancies between EE recommendations andyremaptractice exist.

Our study followed two research questions: (1) Duesicipation in a 1-day EE
programme effectively influence students' environtakattitudes and connectedness
with nature? (2) What effect has students' degfreemnectedness with nature on their

environmental attitudes?

Materials and methods

Participants

In our study, a group of Bavarian high school stusiéof the college preparatory
secondary school level, ‘Gymnasium’), 15 to 19 ge#Hrage, participated as the
treatment group. For statistical reasons, just detapests were analysed (N0114).
Slightly more female than male adolescents pa#dteigh (65.91 % of the participants
were female). A control group of 37 students (afir age group and educational
level) completed the same multiple-choice testthadreatment group without

participating in our EE programme.



The EE programme

We developed a 1-day EE programme on the topidoffad) climate change which was
conducted in an ecological-botanical garden. pldigs more than 10,000 plant species
from all over the world (native and non-nativepublic greenhouses and an outdoor
area. In contrast to other traditional botanicatlgas that arrange their plants, for
example, according to plant taxonomy (e.g. univei@ medicinal gardens), the plants
of the ecological-botanical garden are grown initaé simulating their natural
environments. This not only allows visitors to viplants' features but also gives an
impression of the environments where these plaiois @ the wild. Although
maintained, plants may spread naturally withinrthesigned area of the garden. The
EE programme comprised of two separate studentexigarning modules. The first
one, more theoretically oriented, consisted of eajiligate and one optional
workstation and was conducted within the gardesmisisar room. Participants worked
in small groups (of up to four), with an own workixoeach. At the workstations,
various learning materials were providO and stusleat to solve tasks according to
their workbook. The aim of the module was to enkastadents’ knowledge about
causes, mechanisms and impacts of climate chamgew®rkstations dealt with natural
and anthropogenic greenhouse effect, the influehé@od production on greenhouse
gas emissions, climate modelling, climate policyergy saving in daily life, effects of
climate change on ecosystems, climate changestimsehistory, and the greenhouse
gases in general.

The second, more practically oriented outreach rieogdras conducted in the garden's
public greenhouses and outdoor area where stutadtdirect contact with the plants
and could experience the nature-oriented habiafain, students worked in small
groups, and every group was provided with an ‘evgslbooklet’ and a map of the
garden indicating the sites with the provided etlonal materials. Students could
explore how climate change affects selected plamtisecosystems around the world.
Five topics were part of the module: tropical ranekt (threat by deforestation and
climate change), effects of climate change on Allists fire ecosystems, climate
change and its meaning for German forestry, effeictdimate change on alpine
ecosystems and economy (ski tourism), and renevipaiotery products as a means to
reduce burning of fossil fuels. For each of thegecds, one specific plant species was

chosen as a representative model in order to pé&tly illustrate effects of global
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climate change. After a module's completion, sttsldiscussed their results with their

peers (and the teacher as well), thus consolidathreg was learned.

Empirical instruments

Two instruments were administered within our stutlye Two Major Environmental
Values Scale (2-MEV) assesses adolescent envirdahagtitudes by covering two
opposing domains, preservation and utilisation. $deiag environmental attitudes has a
long tradition, and various models have been d@esldo estimate the influence of
attitudes and other factors on environmental behayiKollmuss and Agyeman 2002).
However, Leeming and others (1993, 1995, citedagrigr and Wiseman 2006, p. 248)
could show that there were no instruments spedlifid@veloped to measure
adolescents' attitudes at that time. Thereforetisgafrom the 1990s, Bogner and
Wiseman (1999, 2002, 2004, 2006) worked on theldpugent and refinement of an
adequate instrument to measure adolescents' emaral attitudes. Finally, a simple
to apply two-factor structure of the 2-MEV modelsiextracted to tap the complex
environmental attitudes. The preservation facteec® preferences standing for a
biocentric, nature-oriented lifestyle wherein hunb@mgs are regarded as an integral
part of nature, depending on it. The other, utilesg describes preferences of
anthropocentric worldviews where human beings dateimature by using/overusing it
for resource exploitation. During the last decdlis, model was independently retested
and repeatedly confirmed by three research grotqsd the world: Milfont and
colleagues in New Zealand (Milfont and Duckitt 2pQ¥hnson and colleagues in the
USA (Johnson and Manoli 2011), as well as Boevealev and colleagues in Belgium
(Boeve-de Pauw and van Petegem 2011). The 2-MENX sdginally consists of 20
items, ten items for each factor (Bogner and WigeR@06). Due to test limitations, we
applied the 16 highest loading items on each higheer factor (Bogner and Wiseman
2006) (Table 1) (see “Results” section for Crontmalpha scores). Item examples
were, for instance, ‘It upsets me to see the cgaitte taken over by building sites’
[preservation] or ‘We need to clear forests in otdegrow crops’ [utilisation]); the
response pattern followed a 5-point Likert scale (totally disagree, 5 = | totally
agree). A nature-oriented person would, thereferere high in preservation and low in
utilisation. One inversely formulated item was rded before analyses (‘Society will

continue to solve even the biggest environmentatlpms.’).

5+



Table 1 List of items of the Two Major Environmental Valuk®del (2-MEV) used in
this study.

Preservation

It upsets me to see the countryside taken oveubgibg sites.

| enjoy trips to the countryside.

Humankind will die out if we don't live in tune witnature.

Society will continue to solve even the biggestiemmmental problems.
Sitting at the edge of a pond watching dragonfheffight is enjoyable.

| save water by taking a shower instead of a katbr@er to spare water).
| always switch the light off when | don’t need it.

We must set aside areas to protect endangeredspeci

Utilisation

Worrying about the environment often holds up depeient problems.
We need to clear forest in order to grow crops.

Our planet has unlimited resources.

Nature is always able to restore itself.

We must build more roads so people can travelgactuntryside.

Only plants and animals of economical importancedrie be protected.
Humans have the right to change nature as thefjtsee

People worry too much about pollution.

The second instrument administered was the InalusidNature in Self (INS) scale
(Schultz 2001) consisting of one graphical itenhviito overlapping circles (Fig. 2)
representing nature and the self. Students haddiodel between seven circle patterns
with different degrees of overlapping. The moredineles overlap, the higher is the
feeling of being connected with nature. Scoringgexhfrom 1 (circles do not overlap)
to 7 (circles overlap completely). Although subjerseveral limitations, the INS scale
is an appropriate tool to measure connectednebsnattire (Schultz et al. 2004).

For data collection, we used a paper—pencil télsiving a pre-, post- and retention test
design. The pre-test (T1) was administered 1 weddrb, the post-test (T2) 1 week
after and the retention test (T3) 4 to 6 weeks @itegramme participation.
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Fig. 2 Inclusion of Nature in Self (INS) scale (basedSmhultz 2002)

Analyses

Despite previous confirmation (Bogner 1999; Johresmth Manoli 2011; Schultz et al.
2004), we analysed both scales for reliability bicalating Cronbach's.

Subsequently, sum scores of 2-MEV items were caledlfor each of the two factors
(preservation and utilisation) obtaining scoresfi® to 40 for each subscale. Due to
non-normal distribution, we applied a Wilcoxon sagrrank test for revealing possible
effects caused by programme patrticipation. Peasmmtelation was used to detect
relationships between both scales, that is, toctigtbether the degree to which a
student feels connected with nature is relateds@hher attitudes towards nature or the

other way round.

Results

The reliability of the preservation and utilisatismbscales scored with a Cronbach's
of .84 for each of the subscales. As the INS Seadeone-item scale, the three test
applications were treated as three items and ydeddgigh) Cronbach'sof .93. This is
in line with test—retest reliabilities of Schultiza. (2004).

First, we analysed the data of both scales, fosiptesschanges during the course of the
study (Table 2). The preservation scores increasggifficantly from pre-test T1 (mean
= 30.42) to post-test T2 (mean = 31.19) but deectagain in the retention test T3
(mean = 30.98). For utilisation scores, a decreas be measured which was

persistent over a period of 4 to 6 weeks (mean €T17.82; mean (T2) = 16.34; mean
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(T3) = 17.06). Students' INS scores significantigreased directly after programme
participation levelling back again to initial scerafter a period of 4 to 6 weeks.
Correlation analyses consistently revealed strasitipe relationships between INS
scores and preservation scores for all three tionety with Pearson's coefficients
ranging from .44 to .63 (p<.01). Utilisation scovesre negatively correlated with INS
scores, with (Pearson's coefficients ranging from This suggests
that the degree to which a person feels conneciiidnature is related to his or her
environmental attitudes. A negative correlatioN$ with utilisation and a positive

correlation with preservation is a result which Vable expected.

Table 2 Effects of programme participation on studentsviemmental values and

connectedness with nature.

INS Preservation Utilization

Z(114) p r Z(114) p r Z(114) p r
T1-
- -3.816 <.0001 -36 -3.816 <.0001 -36 -4.163 <.0001-.39
T2-
3 -2.254 <05 -21  -2.327 <.05 -22 -1.428 n. s.
T1-
3 -1.244 n. s. -1.637 n. s. -2.183 <.05 -.20

Note T1-T2 indicates short-term effects, T2-T3 indgsationg-term effects, T1-T3

indicates persistency of effects; n. s. indicabted Significant’

Discussion

The scores for both scales, the INS and the 2-Mé&ales showed a favourable change
(i.e. an increase of preservation and INS scordsaatecrease of the utilisation scores)
directly after programme patrticipation. This obsa&hpositive short-term effect is in
complete line with previous studies. One-day EEjpammes were assumed to attain
no persistent effects within this context. Hoween, study produced a positive
persistent effect even for such a programme lerdgertheless, changes were
inconsistent: The shift in connectedness with reatlid not prevail over a period of 4 to

6 weeks. A possible pre-test effect can be excladethere were no changes reported
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within the control group. Schultz et al. (2004) kiped ‘an individual's implicit
connection with nature is more stable across thmaa explicit measures because it is
not affected by memory, it is not concealable fluenced by response bias, and it is
less affected by day-to-day experiences’ (Schule.€2004, p. 39). This might explain
the missing long-term effect on participants' carteéness in our study. A (new) bond
with nature may only be established and strengthé@meature experiences are longer
and repeatedly applied. Stern et al. (2008) canaesimilar conclusion when observing
adolescents participating in a 3- to 5-day resideRE programme. The authors
suggested repeated nature experiences in ordehémee and stabilize positive
outcomes, such as in connectedness with natureranditudents' environmental
attitudes. However, in a meta-analysis of sevempiigrammes of different lengths and
including repeated experiences, just two programpneduced positive effects on
connectedness with nature (Ernst and Theimer 20hlis, additional aspects seem to
have some influence; identifying them in furtherdsés may improve 1-day EE
programmes with regard to connectedness with naWaeay models on environmental
behaviour consider knowledge to be an influentatdr when it comes to attitudes,
connectedness with nature and proenvironmentaM@ira(Kaiser et al. 2008;
Kollmuss and Agyeman 2002). Our EE programme wss @ésigned to enhance
students' knowledge on climate change. In a sestuaty, we could show students to
have a greater knowledge on programme-relatedssitectly and 4 to 6 weeks after
participation (Sellmann and Bogner 2012). We asstinaethis knowledge gain might
have contributed to the changes in students' emviemtal attitudes and connectedness
with nature. Therefore, just ‘going outside’ migiut be as effective as combining
nature experiences with learning activities thatoemage students to actively and
consciously deal with the environment.

Even 4 to 6 weeks after participation, a long-tettitudinal change only remained in
utilisation. This shift is, too, in line with preuiis findings in outdoor educational
studies (Bogner 2002; Drissner et al. 2010). Suhyil8oeve-de Pauw and van Petegem
(2011) could show Flemish eco-school students ¥ t@awver utilisation scores than
students attending other schools, but preservatiores were equal. A potential reason
for our described partial shift may lie in the gfieally taught issues where the focus
did not lie on preservation or conservation topieour study, dealing with climate
change as a human-caused phenomenon, the anthnopebmment is an inevitable

component, thus, affecting mainly the utilitariat®r of the attitudinal domains. In
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contrast, contents concerning, e.g. conservatsues (as represented in preservation),
were only marginally brought up; although we did mbend to, the programme content
itself seems to be the reason for the imbalancaedggs within the 2-MEV scale.
Consequently, in contrast to Drissner et al. (20d@)think that a positive effect in
preservation attitudes could actually have beeresell by choosing the programme
content accordingly. This assumption might be sujgpldby a study measuring
outcomes of residential environmental educatiogmmes dealing with both
anthropocentric and utilitarian issues as welb & tveeks after programme
participation, a significant positive shift in bagldolescents' preservation and utilisation
scores was reported (Johnson and Manoli 2011)ufirer research and for the design
of environmental education programmes, it shoultaken into account that the topics
of EE programmes may have a great influence oattitadinal outcomes. The
verification of this assumption may be achievectasefully designed studies with
different treatment groups, each concentratingramaspect of a topic, the preservation
or the utilisation aspect, respectively. In instimie, however, positive changes of both
factors may be fostered by a balanced choice aé¢ppddressing both the
anthropocentric and the biocentric worldview. Kegpihis in mind, 1-day EE
programmes may effectively contribute to the foiorabf environmentally friendly
attitudes.

Connectedness with nature apparently is positileked with environmental attitudes.
Students with high connectedness to nature scogbdrnthe preservation factor
whereas students with low connectedness scoredrigfilisation. This is in line with
other studies (e.g. Schultz 2001; Schultz et 2420The degree of connectedness with
nature, therefore, may predict environmental atég) each influencing the other. Thus,
it seems meaningful to foster both connectednedsmaiture and environmentally
friendly attitudes, possibly maximizing increase$oth factors and as a result also EE
programme outcomes.

Common climate change education mainly focusesbarecing knowledge to foster
climate literacy and/or to prevent or alter scigcdily incorrect conceptions (e.g.
Ekborg and Areskoug 2006; Klosterman and Sadle®2Ddmbardi and Sinatra 2010;
Rebich and Gautier 2005). Correct knowledge (abbomate change) certainly may
serve as a base for future behaviour (Byrka étdl0; Kaiser et al. 2008). Although we
agree with this assumption, in our study, we addélly intended to influence

environmental attitudes and connectedness withr@ahs these factors may also result
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in a more climate-friendly behaviour. In a studyemxning policy decision makers'
willingness to accept climate change strategidsiegaand norms played an important
role (Nilsson et al. 2004). This may also be tmreehvironmental attitudes. Although
the impact of factors influencing environmental &abur, like environmental attitudes,
is varying and cannot be quantified (Kollmuss amyéman 2002), we regard it
reasonable to consider environmental attitudeEpEgrammes and try to foster
adolescents' connectedness with nature as thelgeafature decision makers.

In conclusion, 1-day EE programmes with their dgthbd status within school
schedules indeed have positive short- and long-&ffacts. Although having no
persistent impact on connectedness with naturddikger programmes might have,
effects on environmental attitudes may be achievads, 1-day EE programmes may
not be equivalent in terms of their impact on eowmental attitudes and connectedness
with nature, but they may be a valuable additiomstruction at school. A careful
programme design focusing both on preservationdludilitarian issues may support
these outcomes, while factors influencing connewted with nature, apart from
duration, and repeated experiences, should beefurthestigated. We could show that
environmental attitudes may be influenced alsolimnyate change education. Fostering
environmental attitudes should therefore be integrato climate change education

programmes as this may consequently support belvaioutcomes.

Notes

1 A persistent knowledge gain is measurable noty ahiectly after programme

participation but also in follow-up tests.

2 System knowledge comprises basic knowledge ahotgrtain topic, e.g. climate

change (‘The production of energy through burnifdossil fuels leads to greenhouse
gas emissions.’). Action-related knowledge concehesavailable behavioural options
(‘Energy saving is a way to reduce greenhouse gassens and helps mitigate climate
change.’). Effectiveness knowledge qualifies toeasshow effective a behavior might
be (‘The use of energy-saving lamps needs fivediless energy than that of an electric
bulb.”).
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@ Treibhauseffekt — naturliche
Katastrophe!?

& 4 5

Wie funktioniert eigenftlich
der Treibhauseffekie Viele
glauben, dass die Sonnen-
strahlung durch ein ,,Loch" in
der Atmosphdre (z. B. das

Ozonloch) eindringt und O
dann nicht mehr ,heraus wLoch®in der Atmosphdre
kann. Ist das richtig?? / (£ B Saniaeh,
? Erwarmung
Diese Abbildung
o ; zeigt, wie der
o ° o (Treibhaus-) | potiriche  Treib-
] = " . S Gase | pauseffekt  wirk-
ok Ve . » . . O(Wa“fd“’“pf' 202’ lich funktioniert!
(o] (o] (o] o (=]
- . - s ® 5 o . - o © -
o (@] 5 c’O o o - o o (¢} o o O
. o ©o o o %o o ©© @ s © ©
e loe langweliige .
UV- Strahlung gwerlg Erwdarmung

Infrarot-Strahlung

der Erde -18 °C kailt!

Ohne die Erwdrmung durch den natirlichen Treibhauseffekt ware es bei uns auf
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@ Treibhauseffekt — naturliche
Katastrophel!l?

Ohne den natlUrlichen Treibhauseffekt wdare
das Leben auf der Erde nicht mdglich. Doch
der Mensch verstdrkt diesen Effekt, in dem er
zusatzlich Treibhausgase in die Atmosphdre
einbringt. Dies geschieht vor allem durch
Verbrennung fossiler Brennstoffe (Erdgas,

anfthropogen =
vom Menschen

verursacht, durch
den Menschen

Erddl, Kehle), (Brand-) Rodung von Wdaldern Sliiditen
und intensive Landwirtschaft.
» o o o (Treibhaus-)
o o Gase
o] 0 ® e &
o o
o] o o o o o o
. o ° o o o 't e * o}
o] o 0 00 © 0.0 o o
. . e 0%° e o 000 & o o o)
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. o o] Wk o
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Strahlung langwellige Infrarot- Erwdrmung
Strahlung
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Abbildung: Der anthropogene Treibhauseffekt
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@ Fleisch als Klimakiller!?

Konsum ist ein fester Bestandteil des taglichen Lebens. Wir kaufen Kleidung,
gehen ins Schwimmbad oder ins Kino. Produktion und Beftrieb verbrauchen
dabei eine Menge Energie.

- @ Danielgdsiimann
Auch Nahrungsmiftel mUssen hergestellt &
= und zum Verbraucher transportiert
{ werden. Viele Lebensmittel und
7 exofische Frichte, wie Ananas oder Kiwi,
2| die es bei uns zu kaufen gibt, werden
’ aus den jeweiligen Anbaulédndern nach
Deutschland transportiert und missen
auf dem Weg gekUhlt werden. Von allen |
beteiligten Prozessen, die die
Lebensmittel bis zu ihrer Ankunft in
unserem  Einkaufskorb  durchlaufen,
verursacht der Transport (Flugzeuge, |
Schiffe, Lastwagen...) den hochsten

CO,-AusstoB.

—

. —

@:f' e :.s Ser

Fleisch essen gehort verboten

Vegetariersind die besseren Menschen

Dieser Zeifungsartikel emporte
die Leser! Fleischverbot soll die

Vegetarier sind die besseren
Menschen. Denn Fleisch zu essen
Lésung des anthropogenen zerstort das Klima. Die
Treibhauseffektes seing Welternahrungsorganisation WHO
hat ermittelt, dass die weltweite
Tierprodukfion for 18%  der
Treibhausgase werantwortlich ist.
Das ist mehr als der gesamte
Transportsektor verschlingt.
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The Future Climate

Hollywood films like ,,The day after tomorrow' show us fictional future scenarios for
global warming. But which climate changes can we really expect for the future?

To answer this question, in 1988 the IPCC (Intergovernmental Panel on Climate
Change) was founded. Within this organisation hundreds of scientists from all over
the world are researching on climate change and its impacts and are frying to
predict our future climate. As the global climate is a very complex system, many
factors have to be taken into account when calculating scenarios for our future

climate.
Figure 1:
Rise in temperature
Weltkarte mit farblich gekennzeichneten until 2100
Temperaturdifferenzen
Deutschlandkarte: Zunahme der Grafik verschiedener Szenarien:
heiBen Tage farblich abgestuft Anderungen der globalen Temperatur
eingezeichnet aufgetragen gegen die Jahre bis 2100

Figure 2: Increase of hot days until 2100 Figure 3: IPCC scenarios




The Future Climate

English

Deutsch

to assigh

carbon dioxide

contraction

decrease

globdal surface temperature

global warming

impact

in spite of

panel

fo research

to take into account

Zuordnen

Kohlenstoffdioxid, CO,

RUckgang

Abnahme

Globale
Oberfldchentemperatur

Erderwdrmung

Auswirkung

trofz

Ausschuss, Kommission

forschen

berUcksichtigen
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@ Step by Step - Schritte zum Klimaschuiz

Der Klimawandel ist ein globales Problem. Auch die Regierungen der Welt
haben dies erkannt und viele versuchen, mit polifischen MaBnahmen den
Klimaschutz voran zu treiben.

1988 wurde der IPCC (Intergovernmental
Panel on Climate Change), der sogenannte
Weltklimaral, gegrindet. Zur Zeit sind 194

Staaten Mitglied dieser Organisation, die FotoRonicrensaaivng togo

IPCE
sowohl die Klimaforschung veoran treibt, als
auch Konferenzen mit politischen Veriretern
aller Mitgliedsstaaten ausrichtet. 1997 wurde
bei der Konferenz in Japan das sogenannte e _
Emission = AusstoB wvon

Kyoto-Profokoll verabschiedet, das 2005 in Eobmlitfen o dis Ut

Kraft trat. Alle unterzeichnenden Staaten | gebung. Meistens werden
verpflichteten sich, die Treibhaus- | mit Emission die gesund-
gasemissionen, vor allem die des CO,, im | heitsschadlichen Stoffe aus
Zeitraum von 2008 bis 2012 im Vergleich zu | Mdustie- und  Fahrzeug-

i : abgasen beschrieben.
1990 um mindestens 5% zu reduzieren. e

In Deutschland und der EU wurde Anfang 2005 der sogenannte Emissionshandel
eingefUhrt. Diese MaBnahme scoll dazu beitragen, die Vereinbarungen zur
Reduzierung der Treibhausgas-Emissionen, die im Kyoto-Protokoll getroffen
wurden, einzuhalten. In der gesamten EU sollen die CO,-Emissionen um 8%, in
Deutschland sogar um 21% gesenkt werden.

So funktioniert der Emissionhandel...

— ,_"‘ﬂ.‘m}ﬂdUSf‘l’l‘e-.“h"-.,
/"~ Industrie- "'\-%: 4500t ) anlage 1:
anslgog: fl: y, zugeteilte | Einsparungdurch | S 4500t _/
e S Lertifikate Modernisierung | TN
| e _ .
|Verkauf von Zertifikaten |
| an andere Anlagen .
/" Industrie- "\ : . j
‘; anlage 2: ) 4500t | Zukauf von Zertifikaten,
‘ 7_‘_&5000 f_j_..«"' J zugeteilte — | gic andere Anlagen | 4= 500t
T Lerfifikate eingespart haben | Lertifikate
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@ Energiesunden

Jeder Einzelne von uns braucht Energie im taglichen Leben
und verursacht somit Treibhausgasemissionen. Besonders die
Haushalte tragen zu einem sehr groBen Teil zu den
Gesamtemissionen eines Landes bei. Es daher besonders
wichtig, Energie zu sparen und so den Aussto von
Treibhausgasen zu verringern.

Zeichnung: Das Haus der Richters
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@ Kohimeise & Co.

indirekt viele Tiere.

Steigende CO,-Konzentrationen in der Atmosphdre, steigende
mittlere Temperaturen auf der Erde, steigender Meeresspiegel —
dies alles zieht weitere Folgen nach sich, die vor allem die Natur
betreffen. Zum Beispiel ist der FrUhling bei uns in Europa insgesamt
warmer und beginnt immer eher. In erster Linie sind Pflanzen von
dieser Verschiebung der Jahreszeiten betroffen und so auch

Die Lebewesen eines Okosystems

sind durch komplexe Beziehungen

miteinander verbunden. Dabei unterscheidet man vier groBe Gruppen:

Produzentenf’
(Pflanzen) &

©

j Konsumenten 2. Ordnung
11 (Fleischfresser) ”
Konsumenten 1. Ordnung Destruenten (Zersetzer, z. B.
(Pflanzenfresser) | Pilze, Wirbellose, ...)

Diagramm: zeitliche Abfolge von
Eiablage, Schlupfdatum und Fligge
werden der Jungvdgel und
Uberschneidung mit Vorkommen der
Raupen des Kleinen Frostspanners

Diagramm: zeitliche Abfolge von
Eiablage, Schlupfdatum und Fligge
werden der Jungvdgel und
Uberschneidung mit Vorkommen der
Raupen des Kleinen Frostspanners

Abb. la: Zeitliche Abfolge der
Entwicklung junger Kohlmeisen und der
Raupe des Kleinen Frostspanners vor 30
Jahren

Abb. 1b: Zeitliche Abfolge der
Entwicklung junger Kohlmeisen und der
Raupe des Kleinen Frostspanners heute
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€ Bohren in der Vergangenheit

es wichtig, auch zu wissen, wie

schwankungen oder blieb das

worten auf diese Fragen finden.

Um unser heutiges Klima zu verstehen, ist

tischen Bedingungen in der Vergangen-
heit waren. Gab es schon friher Klima-

konstant? Lassen sich aus den Erkennt-
nissen Uber die Vergangenheit Prognosen
fir die Zukunft treffen? In Klimaarchiven
der Nafur kdnnen Wissenschaftler Ant-

die klima-

Weltklima

Foto: Eismeer

Foto

Wissenschaftler eninehmen einen Eis-
bohrkern aus dem Bohrer.

In den zum Teil kilometerdicken Eisschichten der
Pole werden deshalb Bohrungen vorgenommen.
Je tiefer die Wissenschaftler bohren, desto dlter ist
das Eis, auf das sie stoBen. Anhand einge-
schlossener Partikel und Luftblasen in  den
Eisbohrkernen kénnen zum Beispiel RUckschlUsse
auf die Luffzusammensetzung vergangener
Zeiten gezogen werden.

Foto

Deutlich kann man die unterschiedlichen
Eisschichten im Bohrkerm erkennen.

Wir haben einen Eisbohrkern

abgebildete Grafik sehen Sie hier noch einmal vergroBert.

im Modell fir Sie nachgebildet. Die darauf

s

Grafik Schwankungen von Temperatur und CO:-Gehalt der Atmosphdare von
650.00 Jahren vor heute bis 2007
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@ bDie Klimakiller

Warum steigt eigentlich Also ich habe gehdrt, dass es

die Konzenitration der mit der Industrialisierung im 19.
Treibhausgase ane Jahrhundert zusammenhdangt. JST'mmﬂ Seit der Industria-
>y / £ lisierung verstarkte sich der
!f// " AusstoB von Treibhausgasen
. i . / durch den Menschen und
Foto: Jugendliche im Gesprdch e sl Akivisbers, whs surm
Beispiel durch Rodung wvon
A Waldfl&ichen zum Erhalt von
/"'. Ackerland, Verbrennung
/ \ fossiler Brennstoffe und ver-
/ \\ mehrte Landwirtschaft.
// \I
Ja, das wirde auch gut passen! Auf Ppm : 'qurfs
den Diagrammen des IPCC erkennt pe:r million™,
man eine deulliche Zunahme der Te_'k_:hen [PES
Treibhausgase ab dem 19. Jahrhundert. Million
Aber welche Gase sind das eigentlich?
Kohlenstoffdioxid (CO,) 0 Lachgas (Distickstoffmonoxid, N,O)
wird bei Verbrennungsprozessen (z. B. von ist ein Abfallprodukt der Landwirtschaft. Es wird

fossilen Energietrdgern, Holz) frei. Die als StickstoffdUnger eingesetzt und entsteht bei
Konzentration im Zeitraum von 1000 bis 1750 der Verbrennung von Biomasse. Im Zeilraum
lag bei 280 ppm. von 1000 bis 1750 lag die Konzentration bei
Im Jahr 2000 lag dieser Wert bereits bei 368 0,02/ ppm und stieg bis 2000 leicht auf einen
ppm, was einer Zunahme von etwa 30% Wert von 0,032 ppm. Lachgas hat einen Anfeil
enispricht. CO, hat einen Anteil von 60% am von 5 bis 6 % am anthropogenen Treibhaus-

anthropogenen Treibhauseffekt. effekt.
Methan (CH) - éc‘f:‘ Tj’ o Fluoriente Kohlenwasserstoffe (FCKWs)
- T -

ist  ein Beip?gaukT ;ﬁder Olraffination sind industriell hergestellte Gase, die z.B. in
(Erdgasgewinnung und  -transport] und Klimaanlagen , als Treibgas in Spraydosen oder
entsteht auch bei organischen Zersetzungs- als KiUhlgase in KiOhlschréinken wvorkommen.
prozessen unfer anderem in der Landwirt- FCKWs gab es vor der Industriglisierung nicht.
schaft (Rinder, Reisanbau) oder in SUmpfen Ein starker Anslieg der Konzentration wurde im
und Maoren. leitraum wvon 1953 bis 1995 nachgewiesen.
Im Zeitraum wvon 1000 bis 1750 lag die Danach ist diese wieder leicht abgesunken.

Methankonzentration bei 0,71 ppm und hat Die FCKWs werden kaum noch verwendet, da
sich bis zum Jahre 2000 mit einem Werl von sie nicht nur dem Klima sondern auch der
1,77 ppm mehr als verdoppelt. Methan hat Ozonschicht schaden. Sie wirken 6.000 bis
einen  Anfeill von elwa 20% am 10.000 mal starker als CO, und haben einen
anthropogenen Treibhauseffekl. Antell von 14 bis 1/7% am anthropogenen

Treibhauseffekt.
UNIVERSITAT
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Was muss ich beachten?

Beim heutigen Stationenlernen gibt es 8 Pflichtstafionen, welche Sie in der
vorgegebenen Zeit bearbeiten sollen. Die Reihenfolge wird dabei lhnen
Uberlassen. Die Zusatzstation kénnen Sie bearbeiten, wenn lhnen am Ende
noch Zeit dazu bleibt.

Die Matferialien, die Sie fUr die einzelnen Stationen bendfigen, sind mit

Symbolen gekennzeichnet. Sie tauchen auf jeder Seite im blauen Balken
unter der Uberschrift auf und sind im unteren Teil dieser Seite erklart.
Wichtig ist das Symbol fUr ,Nofiz" . Hier sollen Sie eine Aussage
formulieren, wie jeder Einzelne zum Klimaschutz beitragen kann. Alle
Klimatipps werden dann auf der Seite 13 in der ,Infosammlung”
zusammengetragen.

@ Atlas

Lo Schreiben Sie aufl!

Notiz U Vocabulary

Spielkarten

Literaturrecherche

Die Richters

Farbstifte

@
_ l Infoblatt
Wissenswertes

Nach der Bearbeifung jeder Station wird diese fUr die nachfolgende
Gruppe wieder aufgerdumt.

Falls Sie sich bei der Beantwortung der Aufgaben unsicher sind, liegt auf
dem Lehrertisch ein Lésungsheft bereit, dass Sie gerne zur Uberprifung der
Ergebnisse nutzen kdnnen.
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Treibhauseffekt — naturliche Katastrophe!?

Aufgabe 1.1

.............................................................................................................................................
-

Nummerieren Sie die Textabschnitte in der richtigen Reihenfolge! Nutzen Sie dazu :
i die untere Abbildung auf dem Infoblatt ,Der natirliche Treibhauseffekt”. :

..............................................................................................................................................

Die UV-Strahlung wird am
Erdboden in langwellige
Wérmestrahlung (Infrarot-
Strahlung) umgewandelt, die
zum Teilins All zurlck gestrahlt
wird.

Die kurzwellige UV-Strahlung der
Sonne trifft auf die Erdoberflache.
Aufgabe 1.2

..............................................................................................................................................
.

Warum ist der natirliche Treibhauseffekt eine wichtige Grundlage fir das Leben auf
! dem Planeten Erde? Notieren Sie kurz! :

..............................................................................................................................................

Ein Teilder Infrarotstrahlung wird von
verschiedenen Gasen wie CO, &
Wasserdampf absorbiert.

Dadurch wird die
Warmeabgabe verzbgert und
die Atmosphdre erwdrmt sich.

.............................................................................................................................................

Wie unterscheidet sich die Vorstellung vieler Menschen Uber den Treibhauseffekt :
von seiner fatséchlichen Funktfionsweise2 Notieren Sie 2 Unterschiede. 0 :

e

.............................................................................................................................................

.............................................................................................................................................
-

Nummerieren Sie die Textabschnitte in der richtigen Reihenfolgel Nutzen Sie dazu
¢ die Abbildung auf dem Infoblatt ,,Der anthropogene Treibhauseffeki”.

Es kommt zu einer stérkeren
Erwdarmung der Atmosphdare, also
zu einer Verstarkung des
natirlichen Treibhauseffekts.

Dadurch erhdht sich die Konzen-
tration der Treibhausgase in der
Atmosphdre.

Die vom Erdboden abgestrahlte
langwellige Infrarotstrahlung wird
durch die erhéhte Treibhausgas—
Konzentration in der Atmosphdre
starker absorbiert.

Durch die Verbrennung
fossiler Brennstoffe,
intensive Landwirtschaft
& Brandrodung werden
vermehrt Treibhausgase
freigesetzt.
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Fleisch als Klimakiller!?

Aufgabe 1.1

.........................................................................................................................................
.

: Stellen Sie aus den Zutaten auf den Karten ein FrUhstOck nach eigenem
Geschmack zusammen. Wdahlen Sie zundchst 5 Lebensmiffel, ohne die Karten :
umzudrehen! Erst danach drehen Sie die Karten um.

FOllen Sie die Tabelle aus und berechnen Sie den CO,-AussfoB fUr |hr FrihstUck.
Danach suchen Sie, wenn vorhanden, jeweils eine klimafreundlichere Alternafive
aus den Karten heraus, die weniger CO,-AusstoBB bewirkt.

. .
........................................................................................................................................

CO,-AusstoB3 | regional oder Klimafreundliche CO,-AusstoB
Lebensmittel [g/kg Lebens-| Uberregional Alternative [g/kg Lebens-
mittel] angebaute (Lebensmittel) mittel]
CO,-AusstoB CO,-AusstoB klima-
WunschirGhstUck: freundliches FrOhstOck:

Aufgabe 1.2

..............................................................................................................................................

§'Wc1rum ergeben sich unterschiedliche Werte fUr regional bzw. Uberregioncll'g
i hergestellte Lebensmittel2 Nutzen Sie das Infoblatt! Notiz fir Seite 13!

..............................................................................................................................................

..............................................................................................................................................

AuBern Sie sich kritisch zu dem Zeitungsartikel auf dem Infoblatt und notieren Sie kurz
i ihre Meinung.

UNIVERSITAT .
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The Future Climate

Exercise 1.1

Write down the increase of temperature until 2100 for the cifies listed below. Mark
the cities and areas in the map. 3

Rise In Temperatures Until 2100
P Cily/Arec Increo.se o.f
temperature

1 Miami

2 Nowosibirsk

3 Capetown

Wel’rkcr’re.mi’r farblichen Abstufungen
4 Berlin

]
5 Antarctica

6 La Paz

Exercise 1.2

.............................................................................................................................................

Write down the increase of hot days (more than 30 C) until 2100 for the cities of
i Munich, Nuremberg and Wurzburg in Bavaria. Use figure 2 on the information sheet. :

.
.............................................................................................................................................

.

o

a
Nuremberg Wurzburg Munich Tes
Exercise 2

: Temperatures have increased by 0.6 £ 0.2 C since the late 19th century. Scientists
even expect the average global surface temperature to rise 0.6 1o 2.5 C in the next
fifty years, and 1.4 to 5.8 C in the next century. Try to assign the different reasons to :
the four IPCC scenarios shown in figure 3 on the information sheet. :

.
...........................................................................................................................................

Population growth Technological development .
Scenario 1:
] most slowly technological
@ steady population growth
development Scenario 2:
@ increasing population growth clean economical
1ill 2050, then contraction technology Scenario 3: O O
@ increasing population growth fast technological
1ill 2050, then contraction development

| believe inscenarico because




Step by Step - Schritte zum Klimaschutz

Aufgabe 1.1

.
..............................................................................................................................................

Welche MaBnahme hat die Bundesrepublik unter anderem ergriffen, um die im 5
: Kyoto-Protokoll festgelegten Auflagen zu erfUllen? 3

.
...........................................................................................................................................

[0 Férderung von Emissionen [0 Handel mit Emissionszertifikaten

[0 Verbot von CO,-AusstoB

[0 Handel mitKlimarechten

Aufgabe 2.1

............................................................................................................................................
.

Wie funkfioniert der Emissionshandel?2 Notieren Sie in Stichworten. Nehmen Sie die :
i Zeichnung auf dem Infoblatt ,Die Welt handelt* sowie die ausliegende Broschire

Aufgabe 2.2

.............................................................................................................................................
.
.

Der Emissionshandel wird auch kritisch gesehen. K&dnnen Sie sich denken, warum?e :
Wie ist lhre Meinung dazu? Notieren Sie in Stichworten! :

UNIVERSITAT
BAYREUTH
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Energiesunden

........................................................................................................................................

" Sténdig wird Energie verbraucht, was einen AusstoB von Kohlenstoffdioxid mit sich
bringt. Doch welcher Bereich des tdglichen Lebens verursacht den héchsten CO,-
AusstoBRe

Erstellen Sie anhand der Tabelle die Verlaufskurven fiir den Energieverbrauch von

Bergbau (verarbeitendes Gewerbe) (rotf), Verkehr (grin), Haushalt (braun) und
: Gewerbe (Handel, Dienstleistungen) (blau). Die Werte enfsprechen den Anteilen
an Emission in Prozent. Werten Sie die Grafik in 2 — 3 Satzen aus!

........................................................................................................................................

Jahr 1997 1998 1999 2000 2001 2002
Bergbau 25,3 25,1 25,3 26,0 24,1 25,0
Verkehr 27,7 28,8 30,9 30,2 28,9 29,2
Haushalt 30,9 30,7 28,5 28,5 31,0 29,2
Gewerbe 16,7 16,6 16,5 15,9 16,0 16,2
isssiiiases ! i | !
aesassuses 8 1= 11 smssssmmas - !
i ; ! | . ! 1
asass ! : 5 ! !
] b
e
| S R i | |
Grafikauswertung:
h4
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Energiesunden

Aufgabe 2.1

......................................................

i &

_."'Jeder Einzelne ist gefragt, wenn es B
i darum geht, durch energie- : 9

sparendes Verhalten den Klima- :

gwcndel ein wenig zu verlang- :
gsc:men. Finden Sie 5 Energie- : 4

: sUnden im Bild des Hauses der :

Familie Richter und notieren Sie
i diese. Notieren Sie eine Aussage in
“.der Infosammlung auf Seite 13!

* .
.....................................................

........................................................................
. "
.

__.".Die vierkdpfige Familie Richter mochie sich"'-,_
einen neuen Kuhlschrank kaufen, mit dem sie
Emégﬁchs’r viel Energie sparen kann. Das :
Energieeffizienlabel gibt dariber Auskunft.
Helfen Sie den Richters bei ihrer Entscheidung
: und achten sie dabei auf den Preis und die
Energiesffizienzklasse. Begrinden Sie ihre

* Entscheidung!

lch wirde den

Cblauen
_grGnen

_orangefarbenen

KUhlschrank kaufen, weil ...

h4

Allein  in  Deutschland
kdbnnten zwei leistungs-
fahige Kraftwerke abge-
schaltet werden, wenn
auf Stand-by-Betrieb ver-
Zichtet wirde!!l

Energieeifizienzlabel

UNIVERSITST
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Kohlmeise & Co.

Aufgabe 1

.............................................................................................................................................

Ordnen Sie Kohlmeise (Parus major), Kleinen Frostspanner (Opheroptera brumata,
: Raupe) und Eiche (Quercus robur, Blatter) zu einer Nahrungskette und benennen :
Sie ihre Funktion im Okosystem. Nutzen Sie dazu die Texte auf dem Infoblatt.

............................................................................................................................................

Foto: Raupe .
up Foto: Abbildung:
des Kleinen : : -
Kohlmeise Eichenblétter
Frostspanners
Kleiner Frostspanner Kohlmeise Fiche
(Opheroptera brumata, Raupe) (Parus major) (Quercus robur, Blatter)
frisst frisst
— —
Funkticon:
Avufgabe 2.1

............................................................................................................................................

;"Beschrelben Sie anhand der Abbildung Ta auf dem Infoblatt in Stichworten d|e.';
:Zusammenhénge zwischen dem Raupenvorkommen des Kleinen Frostspanners und :
f_der Entwicklung der Jungtiere der Kohimeise. :

............................................................................................................................................

.............................................................................................................................................

§'Wos hat sich im Vergleich zu 1980 an diesen Zusammenhdngen gedndert (Abb. 1b)2:
:Welche Rolle kénnten die Eiche und der wérmere Frohling dabei spielen? :

.............................................................................................................................................

Aufgabe 2.3

..............................................................................................................................................

..............................................................................................................................................
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Bohren in der Vergangenheit

Aufgabe 1

..............................................................................................................................................

;Erkléren Sie kurz anhand der Abbildung die Entstehung der kilometerdicken :
: Eisschicht an Nord- und Stdpol. :

..............................................................................................................................................

i : Schneefall

i

Verdichtung

U

Umwandlung in Eis

Aufgabe 2.1

............................................................................................................................................

Beschreiben Sie den Kurvenverlauf der Temperatur und des CO,-Gehalfs der
vergangenen 650000 Jahre. Nutzen Sie dazu die Abbildung auf dem Infoblatt und
das Modell des Eisbohrkerns. Was kénnen Sie im Hinblick auf das Klima der Welt
¢ schlieBen? :

.
...........................................................................................................................................

Aufgabe 2.2

Auch aus den Jahresringen der Bdume kann man auf vergangenes Klima =
schlieBen. Je nach Umweltbedingungen wachsen Bdume mehr oder weniger gut.

: Das kann man an der Breite der Jahresringe ablesen. Was bedeuten
dementsprechend breitere und schmalere Jahresringe im Bezug auf das Klima?
. Notieren Sie ihre Vermutung.

...........................................................................................................................................
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Die Klimakiller

Aufgabe 1

Ordnen Sie die jeweiligen Kohlenstoff-AusstéBe zu, indem Sie die CO,-Menge mit :
: dem Transportmittel verbinden. Alle Angaben beziehen sich auf eine Person! ;
Notieren Sie eine Klimaschutz-MaBnahme auf Seite 13!

Abbildung:

Abbildung: Auto Abbildung: Bus Flugzeug
IR EETwWabEl 100 km ffentlicher Bus 100km Inlandsflug
Avufgabe 2

.............................................................................................................................................

Vervolistandigen Sie die Tabelle der Treibhausgase mit Hilfe des Infotextes ,CO, & :
! Co.* und ordnen Sie die Gase nach Wichtigkeit. Beginnen Sie mit dem :
bedeutendsten Treibhausgas. ‘0 ]

Konzentrations- Anteil am
Treibhausgas Quellen anderung seit 1750 anthropogenen
in ppm Treibhauseffekt
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