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Aus Griinden der besseren Lesbarkeit wird an einigen Stellen im Text auf die gleichzeitige
Verwendung ménnlicher und weiblicher Sprachformen verzichtet. In diesem Fall gelten die

Personenbezeichnungen gleichwohl fiir beiderlei Geschlecht.
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A Summary

The world's population of almost eight billion and their increasing demand for
natural resources is pushing the limits of the planet's capacities. Counteraction is
mandatory, so schools are facing an enormous challenge. Agenda 2021 and 2030, for
instance, developed keystones in education to work on the consistent implementation of
Education for Sustainable Developments (ESD). Ever since, empirical data of human
perceptions and activities regarding environmental awareness has been collected. The
competency model developed by Roczen and colleagues was a turning point to relate the
variables Knowledge, Attitude and Behaviour into a theoretical framework. In contrast, the
effectiveness of sustainable teaching modules (according to ESD) has not yet been
sufficiently assessed, which consequently, results in few reliable recommendations.

The present thesis's objective was to monitor students' perception regarding different
terms of environmental education. Study A provided data of the conceptions of
Environmental Education and ESD, which are often still used as synonyms. Yet both terms
were perceived differently, and they do not follow an equally balanced three-pillar model
of ecology, economy and social aspects. The term Environment evolved in study B as the
sum of different environmental-ethical perspectives. The participants often equated the
term to nature and associated it with positive feelings or emotions. Regardless of the
concept, humans were perceived as the greatest environmental threat. In contrast,
recommendations to reduce environmental footprints regarding mobility & transport, waste
avoidance and consumption differ. Such ideas are shaped by experiences and scientific
expertise and that is where schools come into play. The classic example — Green
Awareness in Action (GAIA), saving energy in classrooms — aimed at improving the CO.-
balance of a school. The goal was to encourage environmentally friendly behaviour
without impacting the quality of everyday school life. Study C incorporated the already
described competency model which relates the extended environmental awareness scale
with its variables Preservation, Utilisation and Appreciation (Bogner, 2018; Wiseman &
Bogner, 2003)to the General Ecological Behaviour-scale (GEB-scale including the
variables Consumerism, Energy, Mobility & Transport, Recycling, Vicarious behaviour
and Waste avoidance (Kaiser, Oerke, & Bogner, 2007); it also includes the three
dimensions of knowledge (including the variables System knowledge, Action-related

knowledge and Effectiveness knowledge) developed by Liefldnder, Frohlich, Bogner, &
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Schultz (2013). A path analysis showed the causal relationship between the three latent
dimensions and sub-scales environmental knowledge and values (¢ = 0.69, p > 0.001),
values and (reported) behaviour (¢ = 0.80, p > 0.001), as well as environmental knowledge
and (reported) behaviour (¢ = 0.37, p = 0.001). In a practical framework, the classroom
module of study D has proven effective if implemented regularly. The in-class contest of
the sixth graders achieved to reduce energy consumption by 50% within a ten-week
intervention. Action-related knowledge and effectiveness knowledge increased whereas
environmental values showed no impact on environmental knowledge. Implying
environmental behaviour as a moderator, students of lower person parameters learnt most.
To sum up, the transformation into ESD took place in the student’s minds; and
implementation of the sustainable teaching module. An ecological mind-set is essential,

and it requires persistent integration in everyday life.
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B Zusammenfassung

Eine Weltbevolkerung von knapp acht Milliarden und deren stetig steigende Nachfrage an
natiirlichen Ressourcen bringen die planetare Belastbarkeit zunehmend an ihre Grenzen.
Ein Gegensteuern ist unerldsslich, auch auf Schulen kommt daher eine enorme Aufgabe zu.
Meilensteine bei Bildungsvereinbarungen waren beispielsweise durch die globalen
Abkommen der Agenda 2021 und 2030 beschlossen worden, um weltweit eine
konsequente Umsetzung der Bildung fiir eine Nachhaltige Entwicklung (BNE)
einzufordern. Empirische Erhebungen zu Vorstellungen menschlichen Handelns zum
Umweltbewusstseins  werden seither durchgefithrt. Eine Wende brachte das
Kompetenzmodel nach Roczen und Kollegen (2014), das die Variablen Wissen,
Einstellung und  Verhalten theoretisch  fundiert zusammenfiihrte.  Konkrete
Handlungsbeispiele in Form von nachhaltigem Unterricht sind dagegen in ihrer Praxis-
Wirksamkeit noch kaum vorhanden, auch im Hinblick auf belastbare Empfehlungen.

Die vorliegende Arbeit zielt darauf ab, Vorstellungen verschiedener Begrifflichkeiten
im Umweltbildungssektor von Studierende zu eruieren. Teilstudie A erfasst die allgemeine
Wahrnehmung von Umweltbildung und BNE, welche bis heute oft noch als Synonyme
verwendet werden. Beide Terminologien wurden unterschiedlich wahrgenommen und
folgten beziiglich des Drei-Sdulen-Modells keiner gleich gewichteten Einheit von
Okologie, Okonomie und Soziales. Der Zugang zum Umweltbegriff kristallisierte sich in
Teilstudie B als eine Summe verschiedener umweltethischer Sichtweisen heraus. Der
Begriff wurde oft mit der Natur gleichgesetzt, welche vorwiegend mit positiven Gefiihlen/
Emotionen assoziiert werden. Die Einsicht, dass der Mensch die grofite Bedrohung der
Umwelt darstellt, erstreckt sich gleichwertig iiber alle Wertevorstellungen. Dagegen gehen
die Vorstellungen hinsichtlich einer Reduktion des eigenen dkologischen FuBabdrucks in
puncto Mobilitit & Transport, Miillvermeidung und Konsum weit auseinander. Die
Wahrnehmungen resultieren vorwiegend aus Erfahrungen und wissenschaftlichen
Erkldarungen, die der Schule einen erheblichen Beitrag zuweisen. Das Schulbeispiel —
Green Awareness in Action (GAIA), Energiesparen im Klassenzimmer — sollte dabei die
CO:-Bilanz einer ganzen Schule einbeziehen und verbessern. Individuelles Verhalten sollte
dabei gefordert werden, ohne die Qualitit des Schullebens beeintrachtigen. In Teilstudie C
wurde angelehnt an das Kompetenzmodel die erweiterte Umweltbewusstseins-Skala mit
den Variablen Preservation, Utilisation und Appreciation) (Bogner, 2018; Wiseman &

Bogner, 2003), zusammen mit der Allgemeinen 6kologischen Verhalten-Skala (GEB-Skala
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mit den Variablen Konsum, Energiesparen, Mobilitdit & Transport, Recycling,
Vikariierende Verhalten in Bezug auf Umweltschutz und Abfallvermeidung) (Kaiser,
Oerke, & Bogner, 2007) und den drei individuell entwickelten Wissensdimensionen (mit
den Variablen Systemwissen, Handlungswissen und Effektivititswissen) nach Lieflander,
Frohlich, Bogner, & Schultz (2013), eingesetzt. In einem Pfadmodell konnten die
Zusammenhdnge der drei latenten Dimensionen mit den jeweiligen Unterskalen
veranschaulicht werden [Umweltwissen und Umweltverhalten (¢ = 0.69, p > 0.001),
Umwelteinstellungen und Umweltverhalten (¢ = 0.80, p > 0.001), Umweltwissen und
Umweltverhalten (¢ = 0.37, p = 0.001]. In der Praxis erwies sich das Unterrichtsmodul in
Teilstudie D als effektiv im Rahmen der konsequenten Umsetzung im Schulalltag. Durch
den internen Wettbewerb aller sechsten Jahrgangsstufen konnte der Stromverbrauch
beispielsweise wihrend einer zehnwochigen Interventionseinheit um die Hailfte gesenkt
werden. Handlungswissen und Effektivititswissen wurden iiber diesen Zeitraum gesteigert,
wihrend Umwelteinstellungspriferenzen gegeniiber dem Wissenserwerb keinen Einfluss
austlibten. Unter Einbezug des Umweltverhaltens lernen insbesondere Schiiler mit einem
niedrigen Personen-Schétzer-Wert dazu.

Zusammenfassend bleibt demnach festzuhalten, dass die Transformation in einer
Bildung fiir Nachhaltige Entwicklung sowohl in den Vorstellungen der Studierenden als
auch in der Umsetzung von nachhaltigem Unterricht vonseiten der Schiiler bereits
stattfindet. Es bedarf jedoch einer konsequenten Umsetzung im Alltag, bei der eine

okologische Einstellung unerldsslich bleibt.
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C Synopsis
C.1 Einleitung

., Wir konnen die erste Generation sein, der es gelingt, die Armut zu
beseitigen, ebenso wie wir die letzte sein konnten, die die Chance hat,
unseren Planeten zu retten. *

(Ban-Ki Moon, UN-Generalsekretdr von 2007 bis 2016,
in Kontext der Agenda 2030)

Woiihrend vor vierzig Jahren der sogenannten ,,Earth Overshoot Day* auf Ende Dezember
datiert wurde, Uberschritt der weltweite Bedarf an natiirlichen Ressourcen der
Weltbevolkerung im vergangenen Jahr schon Ende Juli (Earth Day Overshoot, 2020). Fiir
europdische Linder wie beispielsweise die Schweiz oder Deutschland waren die
Ressourcen schon im Mai aufgebraucht. Im Jahr 2018 lebten in der Schweiz laut
Schitzung etwa 215 Menschen pro km? Fliche. In Deutschland waren es sogar 237
Menschen (‘Worldbank’, 2020). Vorbildlich haushalten hingegen u. a. asiatische Lénder
wie beispielsweise Indonesien, die trotz ihrer hohen tragfdhigen Bevolkerungsdichte von
147 Menschen pro km? Fliche deutlich weniger Ressourcen iiber das Jahr hinweg
verbrauchen, als nachwéchst. Das dennoch in den meisten Léndern sehr pridvalente
Problem wurde erstmals mit der Publikation ,,Club of Rome — iiber die Grenzen des
Wachstums* (Meadows und Kollegen, 1972) in den 1970ern Jahren adressiert. Im Sinne
der Nachhaltigkeit sollte dabei das anthropozentrische Ausschopfen der planetaren
Ressourcen bis an die Grenzen der Belastbarkeit aufgezeigt werden. Als besonders kritisch
galten schon damals die Ubernutzung von Boden und Wasser, das Verpesten der Luft und
die Gefdhrdung der Artenvielfalt (Boylan, 2013). Seitdem hat sich diese Pionierstudie
immer mehr zum Leitbild 6kologischer Probleme entwickelt (Gardner & Stern, 1996). Im
Fokus der Kritik standen demnach vorwiegend der ausufernde Konsum und die steigende
Mobilitdt. In Kooperation mit dem Brundtland-Bericht (UNWCED, 1987) wurde so das
erste Konzept zu einer nachhaltigen Entwicklung herausgearbeitet: ,,Nachhaltige
Entwicklung ist eine Entwicklung, die den Bediirfnissen der heutigen Generation
entspricht, ohne die Moglichkeiten kiinftiger Generationen zu gefihrden, ihre eigenen
Bediirfnisse zu befriedigen®. Thre Legitimation erhielten diese Bestrebungen nicht zuletzt
durch den ,,Silent spring* (Carson, 1962), wobei die Anklage auf kontrollierte Freisetzung

von Umweltgiften eine der friihesten Umweltbewegungen ausloste. Denn die Erkenntnis,
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dass Dichlordiphenyltrichlorethan (DDT) und andere Pestizide in Ko&rpern von
Weddellrobben (Leptonychotes weddellii) und Kaiserpinguinen (Aptenodytes forsteri) fernab
des eigentlichen Ortes der Verwendung gefunden wurden (George & Frear, 1966), war
schockierend. Die daraus resultierende Protestwelle fiihrte Jahre spéter zu einem weltweiten
Verbot von DDT.

Verschiedenste Abkommen von globaler und historischer Bedeutung (u. a. UNESCO-
UNEP, 1975; UNESCO UNEP, 1978) sprachen sich schlieBlich vehement fiir strikte
Umweltbildung aus. Neben den kognitiven Féhigkeiten sollten besonders affektive und
psychomotorische Aspekte des Lernens in den formellen und informellen Unterricht integriert
werden (UNESCO-IEEP, 1985; UNESCO-UNEP, 1975), wodurch man eine breitere
Methodenvielfalt anstrebte (Palmer, 1998; Prince & Felder, 2006). Mit der Konferenz von Rio
de Janeiro wurde die Agenda 21 verabschiedet, welche den Umweltbildungsbegriff in eine
Bildung fiir eine Nachhaltige Entwicklung (BNE) erweiterte (United Nation, 1992). Lokales
Engagement sollte die Mdglichkeit fiir Nachhaltigkeitsprozesse vorantreiben. Dabei sollen die
sowie drei Siulen der Nachhaltigkeit, ndmlich Okologie, Okonomie und Soziales,
gleichwertig behandelt werden. Insbesondere wollte man dadurch eine neue
Bewusstseinsbildung im Hinblick auf die Auswirkungen des aktuellen Handelns auf heutige
und zukiinftige Generationen in den Fokus riicken. Nachdem die Ziele der ersten UN Dekade
(2005-2014) nicht vollstandig erfiillt wurden, haben die Vereinten Nationen im Jahre 2015 die
Agenda 2030 unter Einbindung von Schwellenldndern und Drittweltlindern erweitert. Das
Augenmerk lag dabei auf Kollaboration und Frieden (UN SDG, 2016). Die
Gesellschaftspolitik ist seit jeher auf das Beobachten von und Reagieren auf gesellschaftliche
Diskurse ausgelegt. Umweltbewegungen konnten somit aktuell fiir den notwendigen
Sinneswandel der Verbraucher und Politiker in Bezug auf die Energiewende gesorgt haben.
Zugang zu bezahlbarer, sauberer, verldsslicher und nachhaltiger Energie — so lautet das siebte
Nachhaltigkeitsziel (Rieckmann, 2017). So wird gerade ein Ubergang von nicht nachhaltiger
Nutzung fossiler Energietrdger und Kernenergie zu einer nachhaltigen Energieversorgung
geschaften. Denn einen stindig steigenden Bedarf an Energie durch nukleare Energietrdger zu
16sen, mag sich zwar als wirtschaftlich dulerst profitabel herausgestellt haben, doch ist dies
auf Dauer fiir den Planeten auch nicht tragbar. Heute ist daher zu iiberlegen, wie die globale
Energieversorgung aussehen kann, dass sie nachhaltig ist und nicht sofort zahlreiche
Protestaktionen von unterschiedlichen Seiten nach sich zieht. Trotz Jahrzehntelanger
Bemiihungen von Bildungsinitiativen und politischen Maflnahmen ist jlingst eine neue

Umweltbewegung -,.Fridays for Future*- entstanden. Schiiler und Studierende engagieren sich



C.1 Einleitung 3

aktiv als Umweltaktivisten und dridngen die Politik zur Einhaltung ihrer auf der
Weltklimakonferenz in Paris 2015 beschlossenen Ziele. Besonders eine Vermeidung der
Erderwdrmung um mehr als zwei Grad Celsius gilt es zu realisieren. Dazu wird in
regelméfBigen Abstinden der Unterricht an bestimmten Freitagen weltweit geschwénzt, um
auf den Stral3en zu protestieren. Wohin diese Bewegung noch fiihrt, wird sich zeigen. Doch
sind nicht von jeher Umweltbewegungen Zeugen stummer Impulse aus der Bevolkerung
gewesen, eine bessere Zukunft zu fordern?

Die vorliegende Arbeit besteht aus zwei Schwerpunkten. Bei Teilstudie A + B liegt
der Fokus bei der Erfassung von Studierenden-Vorstellungen im Kontext Umweltbildung,
Umwelt und Natur. Bei Teilstudie C + D liegt der Fokus bei der Evaluation eines EU-
Projekts in Theorie und Praxis. Das Unterrichtsmodul GAIA (Green Awareness in Action)
— Energiesparen im Klassenzimmer — steht dabei im Zentrum, inwiefern diese

Schulmafinahme zum Umweltbewusstsein der Schiiler beitragen kann.

C.2 Theoretischer Hintergrund
Vorstellungen

Lernen ist ein lebenslanger und altersabhingiger Prozess, welcher an zwei
Wirklichkeitszugiingen ankniipft: personliche Erfahrungen und wissenschaftliche
Erklarungen (Andresen, Boud, & Cohen, 1999). Individuen rekonstruieren ihr Wissen
immer wieder neu (Piaget, 1964), das sich im Laufe ihres Lebens durch Erfahrungen
akkumuliert (Driver, 1989). Durch Anndherung (Subjektivierung) und Distanzierung
(fachliche Objektivierung) werden individuelle Vorstellungen zu objektiven und
systematischen Wahrnehmungen und Realititen (Kaiser und Kollegen, 2011). Mit der
Einfiihrung der Alltagsphantasien nach Gebhard (2009) werden Assoziationen, Gefiihle
und Vorstellungen zusammen mit einem bestimmten Thema assoziiert. Sie greifen beim
Lernprozess im Ansatz auf Aspekte der Tiefendimension ein (Selbst-, Menschen- und
Weltbild). Grundsitzlich entstehen neben den individuellen Vorstellungen auch Formen
verschiedener Assoziationen, Intuitionen, Angste oder emotionaler Reaktionen. Emotionen
sind mehrdimensionale Konstrukte, die aus affektiven (subjektive Zugénge),
physiologischen, kognitiven (Interpretation, Erinnerung und Erwartungen), expressiven
und motivationalen Komponenten bestehen. Sie helfen uns mit der Fiille an Informationen
im Alltag umzugehen (Holodynski & Oerter, 2012) und kdnnen positiv oder negativ erlebt

werden.
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Wissen baut auf Vorwissen auf, welches zusammen mit der Einstellungsebene (Werte)
und Handlungsebene die drei Bereiche der Bildung fiir eine Nachhaltige Entwicklung (BNE)
abbildet (UNGA, 2015; United Nation, 1992). Inwiefern diese Bereiche in Form von
Vorstellungen erfasst werden konnen, wird sich exemplarisch an einer westeuropdischen
Bevolkerungsgruppe von Studienanfiangern (i.d.R. Schulabginger) in dieser Arbeit zeigen.
Die aus der Literatur bekannten (Schiiler)Vorstellungen im Kontext Umwelt und Natur sind
inzwischen tiberholt. Des Weiteren liegen keine grofleren Studien im Kontext BNE vor, da sie
in der Regel themenspezifisch sind. Natur und Naturbegriffe unterliegen keiner Konstante und
sind meist biografisch und kulturell geprdgt. Sie nehmen Einfluss auf die jeweiligen
Werthaltungen, Interessen und Verhaltensweisen des Individuums (Gebhard, 2013). Durch
Bildungsarbeit, insbesondere in der Umweltbildung kénnen Lern- und Denkerfahrungen

unterstiitzen. Die Entscheidung bleibt jedoch beim Individuum selbst.

Umweltwissen, Umwelteinstellung und Umweltverhalten

Umweltbewusstsein wird heutzutage oft in Zusammenhang mit Gkologischem Wissen,
okologischen Einstellungen (einschlieBlich Werthaltungen) und 6kologischem Verhalten/
Handeln gebracht (Grob, 1995; Kollmuss & Agyeman, 2002). Der Begriff wurde erstmals
durch Maloney & Ward (1973) erwdhnt und durch Urban (1986) in die Bestandteile
umweltrelevante Wertorientierung, umweltbezogene FEinstellungen und umweltorientierte
Handlungsbereitschaften  klassifiziert. Man der heutzutage der Ansicht, dass
anthropozentrische Eingriffe die natiirliche Umwelt zunehmend bedrohen oder schiadigen
(Boylan, 2013). Bei der Frage, welche Rechte Menschen im Umgang mit Tieren, Pflanzen
und der nicht belebten Natur haben, respektive wie sich der Mensch demgegeniiber verhalten
soll, versucht die Umweltethik (bekannt auch unter dem Begriff Naturethik) zu vermitteln.
Dieser Begriff wird auf die 1970er Jahre zuriickdatiert, als die ersten Umweltkrisen publik
wurden (z. B. Waldsterben, Luftverschmutzung, saurer Regen). Dabei wird die ethische
Disziplin in zwei Ansichten unterteilt: (i) die der anthropozentrischen Sichtweise, bei
welchem der Mensch den Schutz der Honigbienen beispielsweise nur zum Zwecke der
Bestdubung oder der Honiggewinnung um seiner selbst willen nutzt (instrumentellen Wert)
(Cedillo, 2016) und (ii) die der physiozentrischen (Oberbegriff fiir pathozentrische,
biozentrische und 6kozentrische) Sichtweise, bei dem der Wert der jeweiligen Ansicht der
Natur zugesprochen wird (moralischer Wert) (Taylor, 2013; Thompson & Barton, 1994).

In den 1970er Jahren stellten sich Pddagogen, Psychologen und Soziologen zurecht die

Frage, warum ein breiteres Offentliches Verstindnis im puncto Umweltwissen iiber die
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Umweltgefahren nicht automatisch zum Handeln fiihrt. Zusammenhidnge von
Umweltwissen, Umwelteinstellungen und Umweltverhalten waren bis dato weitgehend
unerforscht. Urspriinglich ging man von einer kontinuierlichen Linearitdt von Wissen
(Kombination aus Faktenwissen) iliber Einstellung (Bedenken) zur Handlung aus, was
inzwischen schon mehrfach revidiert wurde (z. B. Roczen und Kollegen, 2014). Die
politische Entscheidung, die Umweltbildung als festen Bestandteil in den Lehrplan zu
verankern  (United Nation, 1992), hatte zum Ziel, den Schiilern einen
verantwortungsbewussten Umgang mit der Umwelt und den natiirlichen Ressourcen zu
lehren. Unabhéngig von halb- bis mehrwochigen Interventionen konnten Wissenszuwéchse
psychometrisch erfasst werden (Bogner, 1998; Zelezny, 1999). Mit dem Wandel in eine
BNE (UN, 1992) nahm der Begriff des Umweltwissens eine neue Dimension an. Zu einer
erweiterten Erkenntnis von kognitivem Wissen haben Frick, Kaiser und Wilson
(2004) wesentlich beigetragen. Sie nahmen eine Einteilung in drei unterschiedliche
Dimensionen vor: (i) Systemwissen, bekannt auch unter dem Begriff Faktenwissen, (ii)
Handlungswissen und (iii) Effektivitdtswissen, populdr auch unter der Bezeichnung
Wirksamkeitswissen. Systemwissen, welches auch als Basiswissen bezeichnet wird, deckt
das Wissen iiber einfache Zusammenhédnge oder Ursachen von Umweltproblemen ab.
Handlungswissen ist komplexer einzuordnen als Systemwissen. Beim Kochen (mit/ohne
Deckel) oder durch den Einkauf von Milch (Glas- oder Plastikflaschen, Tetrapack oder
durch ein selbst mitgebrachte Flasche direkt beim Bauern) sind konkrete
Handlungsfiihrungen erforderlich. Frick und Kollegen (2004) nahmen an, dass
Systemwissen mit Handlungswissen zusammen das Fundament von Effektivititswissen
bildet. Diese beinhalten Kenntnisse des Schutzpotentials der Umwelt, welche verschiedene
Verhaltensweisen (Kaiser, Roczen, & Bogner, 2008) integrieren (Vicente-Molina,
Fernandez-Sainz, & Izagirre-Olaizola, 2013). Beim Kauf einer neuen Lampe (Gliihlampe,
Energiesparlampe, Fluoreszenzlampen oder LED Lampen) oder eines neuen Autos
(Elektroauto, Benziner oder Diesel) wird die Kaufentscheidung der individuellen
Beurteilung mit Bezug auf das eigene Wissen beeinflusst. Die Beziehungen der drei
Wissensdimensionen wurden durch Roczen und Kollegen (2014) in einem empirisch
fundierten Kompetenzmodell bestdtigt, wodurch ein tieferes Verstindnis in puncto
Umweltwissen moglich wurde. Die Erforschung in der Praxis erfolgte erstmals im Rahmen
einer einwochigen aullerschulischen Interventionsstudie von Viert- und Sechstklédssler im
Kontext Wasser (Lieflinder und Kollegen, 2015). Bisher noch wenige Studien wie die

nachfolgenden, konnten zeigen, dass es beziiglich der drei Wissensdimensionen
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Unterschiede in puncto Vorwissen und Wissenszuwachs gibt (z. B. Braun, Cottrell, & Diekers,
2018; Fremerey & Bogner, 2014; Schumm & Bogner., 2016; Thorn & Bogner, 2018). Die drei
Wissensdimensionen werden in der Regel durch Multiple Choice Fragen mit nur einer
richtigen Antwortmdglichkeit abgefragt. Die Uberpriifung der Reliabilitit (Zuverlissigkeit,
Genauigkeit) und Validitit (Giiltigkeit) in einem Rasch-Modell dient dazu, griinen
Bildungsinitiative statistisch besser zu beleuchten und fundierter argumentieren zu kénnen.
Umwelteinstellungen und Umweltverhalten spielen eine wichtige Rolle, wenn es um
den Zusammenhang mit Umweltwissen geht (Meinhold & Malkus, 2005). Nach Stern &
Dietz  (1994) werden  Einstellungen zur Umwelt in  drei  verschiedene
Einstellungskomponenten aufgeteilt (egoistisch, altruistisch und biospherisch), worauf in den
1990er Jahren das Messinstrument der New Environmental Paradigm (NEP)-Skala nach
Dunlap & Van Liere (1978) fiir Erwachsene entstanden ist. Gleichzeitig haben Bogner und
Kollegen eine Umweltbewusstseins-Skala (2-MEV-Skala, engl. 2-Major Environmental
Values) erforscht, mit welcher man mithilfe von zwei orthogonalen Skalen, den sogenannten
Ecological =~ Values,  Naturschutzpriferenz (engl. preservation  PRE) und
Natur(aus)nutzungspréferenz (engl. utilisation UTL) auf Basis einer 5-stufigen Likert-Skala
erfassen konnte (Bogner, 2002; Bogner & Wiseman, 1999; Wiseman & Bogner, 2003). PRE
gruppiert man eher der bio- als Okozentrischen Sichtweise zu, da diese auch die
Wertschédtzung der Natur beriicksichtigt (Thompson & Barton, 1994). Bei Biozentrismus
stehen die Natur und alle lebenden Organismen im Mittelpunkt (Botar, 2017). Beim
Okozentrismus dagegen werden alle Elemente der Natur (biotisch und abiotisch) einen
eigenen Wert zugeschrieben. Tier- und Pflanzenarten, Fliisse und Berge, sogar Okosysteme
sind Elemente von immanentem Wert (Thompson & Barton, 1994). UTL dagegen préferiert
natiirliche Ressourcen auszubeuten (Wiseman & Bogner, 2003), bevorzugt also eine
anthropozentrische Sichtweise. Das stellt den Menschen ins Zentrum, der Ressourcen wie
Wasser, Boden und Luft um seiner selbst willen nutzen kann (Bogner, Brengelmann, &
Wiseman, 2000; Hargrove, 1992). Die Umwelt zu schiitzen wird nur dann fiir sinnvoll
erachtet, wenn es einen Nutzen gibt (Cedillo, 2016). Nichtmenschliche Organismen oder
Naturphdnomene haben stattdessen einen instrumentellen oder dsthetischen Wert (Cedillo,
2016). Beide Sekundirfaktoren werden auch als Werte (engl. values) definiert (Wiseman &
Bogner, 2003). Urspriinglich wurden 60 Items fiir das Instrument im Rahmen von
binationalen Studien mehrfach getestet (z. B. Bogner & Wiseman, 1997) und im Laufe der
Zeit mit anderen Skalen (z. B. individuellen Risikopriaferenz) weiter validiert (Bogner und

Kollegen, 2000). SchlieBlich ergab sich eine Version mit 20 Items, die um eine weitere Skala



C.2 Theoretischer Hintergrund 7

— Wertschitzung (engl. Appreciation APR) — ergénzt wurde (Bogner, 2018). Insgesamt hat
sich die 2-MEV-Skala hinsichtlich unterschiedlicher Sprachen und Altersgruppen im
nationalen und internationalen Raum gut etabliert (Boeve-de Pauw & Van Petegem, 2011;
Borchers und Kollegen, 2014; Braun und Kollegen, 2018; Johnson & Manoli, 2010;
Milfont & Duckitt, 2004). Insgesamt haben flinf westeuropéische binationale Studien die
Giiltigkeit des Modells bestitigt, wie beispielsweise die Studie des deutsch-schweizer
Vergleiches mit nahezu eintausend Teilnehmern (Bogner, 1999). Die Effektivitit griiner
Bildungsinitiativen konnte durch dieses Modell daher schon mehrfach ausgesprochen
werden (Boeve-de Pauw & Van Petegem, 2013; Schmitz & Rocha, 2018). Aus der
Literatur ist bereits mehrfach bestitigt worden, dass Umwelteinstellungen hinsichtlich des
Umweltwissens einander bedingen (Marcinkowski & Reid, 2019; Yoon & Sirisena, 2014;
Zelenika und Kollegen, 2018). Hinsichtlich der Wirkung der drei Wissensdimensionen auf
Umwelteinstellungen ist aber noch wenig bekannt.

Mit der Einfilhrung der Umweltbildung in den 1970er Jahren glaubte man, durch
Wissensvermittlung und Betroffenheitserzeugung menschliches Verhalten formen zu
konnen (Hungerford & Volk, 1990). Seit dem Wandel in eine Bildung fiir eine Nachhaltige
Entwicklung distanziert man sich zunehmend von diesem Erziehungsgedanken
(Marcinkowski & Reid, 2019). Unter einer Vielzahl von Messinstrumenten ist es bis heute
schwierig, Umweltverhalten zuverlissig zu messen. Mitte der 1990er Jahre etablierte sich
ein Messinstrument, welches sich auf spezifische, dafiir leichter erfassbare
Verhaltensweisen (berichtetem Verhalten) spezialisiere (Kaiser, 1998). Urspriinglich fiir
Erwachsene konzipiert, wurde das probabilistische Messinstrument der allgemeinen
okologischen Verhalten-Skala (engl. the General Ecological Behavior-GEB) spéter durch
die sogenannten self-reports fiir Jugendliche von Kaiser, Oerke, & Bogner (2007) adaptiert.
Mit nur 40 Items werden sechs Verhaltenspraferenzen (Konsum, Energiesparen, Mobilitét
und Transport, Recycling, Vikariierende Verhalten in Bezug auf Umweltschutz und
Abfallvermeidung) auf Basis einer 5-stufigen Likert-Skala valide und reliabel abgefragt.
Andere Studien untersuchten zur gleichen Zeit dhnliche Verhaltenspraferenzen (Konsum,
Energiesparen und Verhalten im Stralenverkehr) (Diekmann & Preisendorfer, 1998), ohne
weitere Erkenntnisse zu liefern, ob eine Person ein Verhalten aus Uberzeugung zeigt
(Umweltschutz durch Fahrrad statt Auto nehmen) oder um Geld zu sparen.

Vonseiten der drei beschriebenen Messinstrumente ist es bereits mehrfach gelungen,
den Mehrwert von griinen Bildungsinitiativen (Interventionen) einzeln oder in

Kombination zu messen. Geiger, Dombois, und Funke (2018) konnten beispielsweise
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zeigen, dass sich Umweltverhalten sowohl durch positive Umwelteinstellungen als auch durch
den Wissenszuwachs verbessern ldsst. Andere Studien zeigen wiederum, dass es durch griine
Bildungsinitiativen zu keinen signifikanten Verdnderungen von Umweltverhalten gekommen
ist (Braun und Kollegen, 2018). Uber die drei Bereiche von Bildung fiir eine Nachhaltige
Entwicklung (Wissens-, Einstellungs- und Handlungsebene) ist in Anlehnung an das
Kompetenzmodell nach Roczen und Kollegen (2014) noch wenig bekannt. Ein Pfadmodell

konnte helfen, nachhaltigen Unterricht im Sinne von BNE genauer zu untersuchen.

C.3 Ziele und Fragestellungen der Arbeit

Mit der Verabschiedung der Agenda 2030 wurde auf dem Gipfel der Vereinten Nationen von
allen 193 Mitgliedsstaaten beschlossen, dass die globalen wirtschaftlichen Herausforderungen
vonseiten der Wirtschaft nur im Einklang mit der sozialen Gerechtigkeit und unter
Beriicksichtigung von 6kologischen Grenzen gemeinsam zu schaffen sind (UN SDG, 2016).
17 gemeinsame Nachhaltigkeitsziele wurden dabei auf fiinf Kernbotschaften verteilt (Mensch,
Planet, Wohlstand, Frieden und Partnerschaft). Bildung fiir eine Nachhaltige Entwicklung
(BNE) widmet sich der Aufgabe, das Bewusstsein der Bevolkerung zu stirken. Weg von der
Idee, Einstellungen oder Verhaltensdnderungen zu erzwingen (Grenhgj & Thegersen, 2017),
mochte man in diesem Sinne durch die drei Bereiche (Wissens-, Einstellungs- und
Handlungsebene) eine gemeinsame und lebenswerte Zukunft schaffen. Hierbei stellen sich
zwei grundlegende Fragen, welche das Fundament der vorliegenden Arbeit bilden: (i)
Inwieweit wird der Wandel und die Bereitschaft in Richtung BNE vonseiten der Bevolkerung
wahrgenommen und (i1) inwiefern sind Wirkungsmessungen von nachhaltigem Unterricht im
Sinne von BNE am Beispiel GAIA empirisch in Theorie und Praxis erfassbar.

Teilstudien A + B bezichen sich exemplarisch auf 464 Studienanfinger, deren
Vorstellungen im Kontext Umweltbildung, Umwelt und Natur erfasst wurden. Insgesamt sind
daraus zwei Teilstudien entstanden. Die konkreten Fragestellungen der Teilstudie A lauten:

1. Unterscheiden oder dhneln sich die Wahrnehmungen von Studierenden beziiglich der
drei Dimensionen Okologie, Okonomie und Soziales in puncto Umweltbildung versus
BNE?

2. Zu welchen Themengebieten in der Umweltbildung hétten sich die Studierenden mehr
Informationen gewiinscht und gehen diese mit der Wahrmehmung des
Umweltbildungsbegrifts auseinander?

3. Inwiefern haben unterschiedlich Informationsquellen zur Aufkldrung in der
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Umweltbildung beigetragen?
4. Wie unterscheiden sich die Selbst- und Fremdwahrnehmung beziiglich der
Naturverbundenheit?

Fir die Teilstudie B wurde die Skala der Naturverbundenheit aus Teilstudie A als
erkldrende Variable herangezogen, um Beziehungen zu den einzelnen Fragen herzustellen.
Die konkreten Fragestellungen lauten:

1. Unterscheiden sich die ethischen Sichtweisen (6kologisch, biozentrisch und
anthropozentrisch) in Bezug auf Umwelt?

2. Werden Emotionen/Gefiihle in Bezug auf die Natur unterschiedlich von
Studierenden empfunden?

3. Klaffen Vorstellungen beziiglich der grofiten Umweltgefdhrdung mit der
personlichen Wahrnehmung des eigenen 6kologischen FuBlabdrucks auseinander?

Teilstudien C + D bezichen sich auf eine Schulmafinahme innerhalb eines
drejjdhrigen EU-Projekts zum Energiesparen im Klassenzimmer, welche auf zwei
individuellen Datensitzen basieren. Teilstudie C schliet auf die Wirkungsmessungen der
Faktoren  (Umweltwissen, = Umwelteinstellungen und  Umweltverhalten)  und
Zusammenhdnge mit den verschiedenen Unterkategorien in einem Pfadmodell. 223
Schiiler nahmen — groftenteils aus der sechsten Jahrgangsstufe — im Schuljahr 2017/2018
an dieser Studie teil. Die konkreten Fragestellungen dieser Teilstudie lauten:

1. Sind die neu entwickelten Wissensitems psychometrisch reliabel und valide?

2. Konnen die vorliegenden Daten die orthogonale Struktur der 2-MEV-Skala von
Bogner (2018) bestitigen?

3. Welche Beziehungen bestehen zwischen Umweltwissen, Umwelteinstellungen,
Umweltverhalten und deren Unterskalen in einem Pfadmodell?

In Teilstudie D lag der Hauptschwerpunkt in der Erfassung eines moglichen
kognitiven Wissenserwerbs, sowie dessen Beziehungen zu Umwelteinstellungen und
Umweltverhalten (Verhaltenspréiferenzen) in einem quasi-experimentellen Design.
Insgesamt wurde diese Studie mit 132 Schiilern aus sieben Klassen der sechsten
Jahrgangsstufe im Schuljahr 2018/2019 durchgefiihrt. Die konkreten Fragestellungen
dieser Teilstudie lauten:

1. Nimmt Umweltwissen beziiglich der drei Dimensionen durch die Teilnahme am
Unterrichtsmodul — Energiesparen im Klassenzimmer — gleichermallen zu?
2. Haben Umweltpriaferenzen beziiglich der Umwelteinstellung (Umweltschutz und

Umweltausnutzung) einen FEinfluss auf den kognitiven Wissenszuwachs und
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Verhaltenspraferenzen?

3. Inwiefern hidngen Umweltwissen und Umwelteinstellungen in einem quasi-
experimentellen Design zusammen?

4. Wie verhélt sich der zu erwartende kognitive Wissenszuwachs in Abhingigkeit von

Umweltverhalten (Verhaltenspriaferenzen)?

C.4 Material und Methoden
Teilnehmer und Studiendesign

Auf Grundlage der unterschiedlichen Ziele und Fragestellungen wurde fiir beide
Schwerpunkte der vorliegenden Arbeit ein eigenes Design entwickelt und unterschiedliche
Zielgruppen befragt.

Die Daten der beiden Teilstudien A + B wurden mit Studienanfangern unterschiedlicher
Fakultdten an der Universitdt Basel durchgefiihrt. Die insgesamt 86 Teilnehmer von der Uni
Bayreuth, welche an der Vorstudie teilgenommen haben, sind in dieser Stichprobe durch die
Ahnlichkeit beider Nachbarlinder integriert. Alle Teilnehmer haben einmalig einen
Fragebogen (Papier-und-Bleistift-Test) schriftlich am Ende der Vorlesung ausgefiillt (N = 464;
M = 21,3; SD = £ 3,1; Frauen = 66.5 %). Der Kern dieser beiden Teilstudien lag darin,
studentische Vorstellungen im Kontext Umweltbildung, Umwelt und Natur qualitativ und
quantitativ auszuwerten (Abb., 1).

Teilstudie A + B Teilstudie C + D

Vorstellungen im Kontext Umweltbildung Wirkungsmessungen in Theorie und Praxis

Umwelt-
Einstellung

Umwelt-
Verhalten

Abbildung 1: Verzahnung von Unterricht in nachhaltiger Entwicklung: Vorstellungen und
Wirkungsmessungen in der Umweltbildung.
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Die Datenerhebung der beiden Teilstudien C + D beziehen sich auf Schiilern der
sechsten Jahrgangsstufe, welche in Griechenland erhoben wurden. Ziel war es, die
SchulmaBnahme — Energiesparen im Klassenzimmer — auf deren Wirksamkeit in Bezug auf
Umweltwissen, Umwelteinstellungen und Umweltverhalten (Verhaltenspréiferenzen) zu
iiberpriifen (Abbildung 1). Der erste Teil (Teilstudie C) fungierte als Pilotstudie und
bezieht sich auf die Theorie der drei Bereiche in einem theoretischen Pfadmodell. 223
Schiiler wurden in dieser Studie beriicksichtigt (N = 245), welche fiir die Vergleichbarkeit
alle Teilbereichen des Fragebogens (Papier-und-Bleistift-Test) ausgefiillt haben (M = 11,7,
SD + 1,3; 49,8 % Maidchen). In einem quasi-experimentellen Design wurde dieser
Fragebogen um ein Drittel gekiirzt und fiir den zweiten Teil (Teilstudie D) in einem quasi-
experimentellen Design auf Zusammenhénge iiberpriift. Items aus den Wissens- und
Verhaltensfragen, welche sich in der ersten Studie fiir nicht brauchbar erwiesen haben,
wurden nicht erhoben. Fiir diese Studie wurden 132 von 155 Schiiler aus sieben Klassen
der sechsten Jahrgangsstufe an der Schule Ellinogermaniki Agogi beriicksichtigt, welche
den Fragebogen zu beiden Testzeitpunkte ausgefiillt haben (M = 11,03; SD + 0,23; 53.4 %
Maidchen).

Erhebungsinstrumente und Datenauswertung

Alle statistischen Auswertungen wurden mit R (R Stiftung fiir Statistische Berechnungen
fiir Windows; Version 2.14.2 und 3.6.0; www.r-project.org) ausgefiihrt. Bei der Erfassung
studentischer Vorstellungen (N = 464) wurden alle offenen Fragen der Teilstudien A + B
mittels einer qualitativen Inhaltsanalyse nach Mayring (2000) induktiv und deduktiv
kategorisiert. Durch die manifeste Datenebene (tatsdchlich gesagte) lassen sich latente
Informationen (Beobachtungen) zuordnen (Merkmal, Konstrukte) (Arbuckle, 1997). Die
Beobachtungen innerhalb jeder Hauptkategorie hatten einen Maximalwert von ,,eins* pro
Person, unabhingig davon wie viele Aussagen die jeweilige Person zu den Unterkategorien
gemacht hat. Beobachtungen zu den jeweiligen Aussagen wurden nur dann gewertet, wenn
deren Eigenname nicht enthalten war (z. B. Umwelt bei Umweltbildung). Synonyme
wurden hingegen beriicksichtigt (z. B. Natur bei Umweltbildung). Fiir beide Teilstudien
wurde ein Teil der Stichprobe Re-kategorisiert. Das Kriterium der Reliabilitdt wurde
mittels des Cohen’s Kappa Koeffizienten durch den Inter- versus Intra-rater ermittelt,
welches die  Objektivitit  (Untersuchungsunabhéngigkeit) gewdhrleistet. ~ Nach
Literaturangaben lassen Werte iiber 0,75 auf eine sehr gute Ubereinstimmung schlieBen,

bei 0 fiihrt der Wert auf eine zufillige und unter 0 ist die Ubereinstimmung geringer als die
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erwartete zufdllige (Cohen, 1960). Fiir C., wurden alle Werte {iber 0,2 akzeptiert (o = 0,001).
Alle geschlossenen Fragen wurden aufgrund der Normalverteilung (Uberpriifung durch ein Q-
Q Diagramm und einen Shapiro-Test) mit einem zweistufigen T-Test ausgewertet.

Fiir die Teilstudie A wurden die offenen Fragen wie folgt erhoben: 1. Bildung fiir eine
nachhaltige Entwicklung (BNE) — was verstehen Sie darunter? 2. Umweltbildung — was
verstehen Sie darunter? 3. Zu welchem Themengebiet in der Umweltbildung wiinschen Sie
sich mehr Informationen? Anhand der Antworten der Studierenden haben sich flinf
Hauptkategorien induktiv (Okologie, Okonomie, Soziales, Okologische Problemstellungen
und Bildung) und zwei deduktiv (Umwelteinstellungen und Umweltverhalten) ergeben. Fiir
die ersten beiden Fragen wurden insgesamt 28 identische Unterkategorien gebildet, wobei
Vorstellungen der Unterkategorie ,nédchste Generation“ nur bei der zweiten Frage zu
beobachten war. Bei der dritten Frage haben sich 70 Unterkategorien deduktiv
herauskristallisiert. Zur statistischen Auswertung wurden jeweils die Gesamtsummen aller
Beobachtungen der jeweiligen Kategorien aus der ersten und zweiten Frage versus der ersten
und dritten Frage mithilfe einer Kontingenzanalyse analysiert. Diese basieren auf einer
Validierung des Ansatzes einer Kontingenztabelle. Fiir die Frage, ,,wie stark trugen in Threm
Fall die folgenden Kategorien zur Umweltbildung bei*, wurden fiinf Antwortmoglichkeiten
(Werbung, Politik, Medien, Schule, AuBlerschulischer Lernort und Familie) als vierstufige
Likert-Skala mit den Werten ,,schwach®, , mittelméBig®, ,,stark” und ,,sehr stark” angeboten.
Ein zweiseitiger Test ergab Aufschluss iiber die Intensitéit der jeweiligen Kategorie. Zu guter
Letzt wurden die Studierenden seitens der Inclusion of Nature in Self (INS)-Skala (Schultz,
2002) zu ihrer Selbst- und Fremdeinschédtzung der Naturverbundenheit befragt, welche aus
zwei Fragen resultiert: Betrachten Sie folgende Kreise. 1. Wie eng sollte Threr Meinung nach
der Mensch mit der Natur verbunden sein? Kreuzen Sie nur ein Késtchen an. 2. Wie eng
sehen Sie sich mit der Natur verbunden? Kreuzen Sie nur ein Késtchen an.

Fiir die Teilstudie B wurden die offenen Fragen wie folgt erhoben: 1. Umwelt: Wofiir
steht fiir Sie der Begriff Umwelt? 2. Natur: Welche personlichen Gefiihle/Emotionen
verbinden Sie damit? 3. Wodurch wird Threr Meinung nach die Umwelt am stirksten
gefihrdet? 4. Okologischer FuBabdruck: Was konnen Sie dazu beitragen, um Ihren
okologischen FuBlabdruck zu verringern? Fiir die Kategorisierung der ersten Frage wurden
drei ethische Ansdtze (anthropozentrisch, biozentrisch und 0©kozentrisch) induktiv
miteinbezogen, welche aus 14 Unterkategorien aller Beobachtungen hervorgegangen sind. Bei
der zweiten Frage wurden zehn Hauptkategorien von Emotionen und Gefiihlen induktiv aus

43 Unterkategorien verwendet (Asthetische Wertschitzung, Bewunderung, Freude, Ruhe,
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Angst, Besorgnis, Ekel, Scham, Traurigkeit und Wut). Fiir die dritte und vierte Frage
wurde eine Kontingenzanalyse durchgefiihrt. Dabei wurden die Wahrnehmung von der
stairksten Umweltgefdhrdung und der Reduktion den eigenen 6kologischen FuBBabdruck zu
reduzieren von Studierenden gegeniibergestellt. Die Zusammenhinge der einzelnen
Unterkategorien aus der ersten Frage und der Hauptkategorien aus Frage drei und vier
wurden mittels einer hierarchischen Clusteranalyse [Paket pvclust, Methode nach Suzuki &
Shimodaira (2006)] nach Ward iiberpriift, um visuelle Strukturentdeckungen im
Datenbestand zu beleuchten. Im Sinne der Konstruktvaliditit (Messick, 1995), wurden die
Ergebnisse der Inclusion of Nature in Self (INS)-Skala (Schultz, 2002) -
Selbsteinschdtzung auf deren Zusammenhinge (Gruppenunterschiede) — als erkldrende
Variable herangezogen, um einzelne Fragen per binirer Regressionsanalyse zu analysieren.

In Teilstudie C wurden im ersten Schritt die verwendeten Messinstrumente
(Umweltwissen, Umwelteinstellungen und Umweltverhalten) auf deren Qualitdt getestet.
Der zweite Schritt diente der Uberpriifung einer konfirmatorischen Faktorenanalyse [Paket
lavaan, Methode nach Rosseel (2012); semPlot, Methode nach Epskamp, Eskamp, &
MplusAutomation (2019)] um deren Effekte in einem Pfadmodel zu iiberpriifen. Mithilfe
der Skala der drei Wissensdimensionen (Systemwissen, Handlungswissen und
Effektivitdtswissen) (Frick und Kollegen, 2004) wurde das Umweltwissen durch ein
dichotome Rasch Modell [Paket eRM, Methode nach Mair, Hatzinger, & Maier (2009)] auf
dessen Reliabilitdt, Validitit, Personenfdhigkeit und Itemschwierigkeit untersucht.
Insgesamt wurden zehn Multiple-Choice-Fragen pro Wissensdimension zu je vier
Antwortmoglichkeiten entwickelt, welche jeweils mit 1 (richtig) oder 0 (falsch) codiert
wurden. Nach Bond & Fox (2007) liegen alle Items fiir Multiple-Choice Fragen in einen
akzeptablen Wertebereich, dem sogenannten gewichteten Effektivwert (engl. weighted fit
mean square (WMNSQ), wenn dieser zwischen 0.80 und 1.20 liegt. Die Bestitigung der
drei Faktorenstrukturen (homogene Itemgruppen von PRE, APR und UTL) der 2-MEV
Skala (Bogner, 2018) erfolgte mittels einer explorativen Faktorenanalyse [Paket psych,
Methode nach (Revelle 2012)]. Der Kaiser-Meyer-Olkin (KMO) Test galt dabei als
Qualitdtsmerkmal (> 0,6 schlecht, > 0,7 fragwiirdig, > 0,8 gut > 0,9 exzellent) (Kaiser,
1974), ebenso die Reliabilitdt der Cronbach alpha Werte. Diese dienten ebenfalls der
Uberpriifung der sechs Verhaltenspriferenzen als Qualititsmerkmal, welche auf Basis der
Skala des Allgemeinen Okologischen Verhaltens (Kaiser und Kollegen (2007) fiir
Jugendliche diente. Die Ergebnisse der zu iiberpriifenden Faktoren des 2-MEV-Skala und

GEB-Skala und deren zugrundeliegenden Theorien wurden zusammen mit den
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Ergebnissen der Rasch Analyse als giiltig ermittelt und mittels einer konfirmatorischen
Faktorenanalyse auf deren Zusammenhédnge untersucht. Diese wurden zuvor mithilfe von
Mittelwerten jedes einzelnen Schiilers ermittelt und in einem Pfadmodel grafisch dargestellt.
Mittels des Vergleichsindex (engl. Comparative Fit Index — CFI), dem Effektivwert
(standardisiert) (engl. Standardized Root Mean Square Residual — SRMR) und der
Approximationsdiskrepanzwurzel (engl. Root Mean Square Error of Approximation —
RMSEA) wurde das Modell mittels eines Strukturgleichungsmodells iiberpriift. Laut Literatur
gelten Werte wie folgt als valide: RMSEA < 0,08; SRMR < 0,08 und CFI > 0,90 (Browne &
Cudeck, 1993; Hooper, Coughlan, & Mullen, 2008).

In Teilstudie D wurden aussagekriftige Rasch-Personenschitzer (Einheit: Logits,
natiirlicher Logarithmus des Verhéltnisses von richtigen zu falschen Antworten) als Input-
Werte fiir Umweltwissen und Umweltverhalten fiir jeden einzelnen Schiiler ebenfalls durch
eine Rasch Analyse ermittelt [Paket eRM, Methode nach (Mair und Kollegen (2009)].
Mithilfe dieser Werte wurden Regressionsanalysen des Umweltwissens zwischen dem Vor-
Test (TO) und Nach-Test (T1) durchgefiihrt, um den Wissenszuwachs zwischen beiden
Testzeitpunkten zu analysieren. Bei der moderierten Regressionsanalyse fungierte die Variable
,suUmweltverhalten als Moderator mit der Frage, inwiefern dieser einen mdglichen
Wissenszuwachs zwischen beiden Testzeitpunkten beeinflussen konnte. Die ANCOVA (Typ
IIT) Analysen [Paket effects, Methode nach (Fox und Kollegen (2016)], welche auf
Mittelwerten basieren, gaben Aufschluss iiber die Beziehungen zwischen den drei
Dimensionen von Umweltwissen zwischen TO und T1 an, sowie deren mogliche Beziehungen
zur Umwelteinstellung. Der Levene-Test diente als Giitekriterium [Paket car, Methode nach

(Fox und Kollegen (2012)].

Unterrichtsmodul — Energiesparen im Klassenzimmer

Im Rahmen des Unterrichtsmoduls GAIA - wurde an einer griechischen Schule eine
zehnwochige Interventionsstudie mit insgesamt 19 Unterrichtsstunden zum Thema
Energiekonsum im Klassenzimmer entwickelt und durchgefiihrt. Durch den technischen
Einsatz des Internet of Things (IoT) wurde eine Internetplattform errichtet, welche die Daten
von dem Schulgebdude empfangen und aufgezeichnet hat (u.a. Temperatur, relative
Luftfeuchtigkeit, Beleuchtung, Bewegungserkennung, Gerduschpegel und Stromverbrauch).
Alle sieben Klassenrdume waren mit der entsprechenden Technik ausgeriistet (Sensoren und
Messgerite), wodurch die Schiiler Daten auf der Gebdude-App (GAIA Building Manager

app) beobachten konnten. Mit Unterstlitzung von modernen Unterrichtsmodulen durch
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computergestiitztes Lernen, konnten die Schiiler beispielsweise deren Energieverbrauch
iiberwachen und diskutieren. Zwischen den Parallelklassen gab es einen Wettbewerb

untereinander, welches Klassenzimmer am meisten Energie einsparen konnte (Abb., 2).
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Abbildung 2 Gebaudeumriss der Klassenrdume und GAIA Gebédude-App (P. Koulouris)

Gruppenweise wurden die Schiiler eingeteilt, Intervalle per GAIA Gebdude-App zu
beobachten (Beispiel: wenn das Licht eingeschaltet war, die Schiiler es selbstindig
ausschalten, wenn es nicht mehr gebraucht wurde). Bei der Berechnung des
Stromverbrauches wurden verschiedene Variablen miteinbezogen, wie beispielsweise die
Lichtintensitdt der Sonne oder die Feuchtigkeit im Klassenzimmer. Alle gesammelten
Variablen wurden miteinander verglichen, um herauszufinden, warum Klassenrdume im
Nordosten beispielsweise mehr Licht bendtigten als Klassenrdume im Westen. Die
Behauptung, dass Klassen aus dem Siiden beispielsweise betrogen haben, Strom zu sparen,
wurden damit widerlegt. Die projektinternen Onlineplattform (‘GAIA challenge’,
2020) gaben den Schiilern eine Moglichkeit, sich durch problemorientiertes Lernen das
notige Wissen selbstindig anzueignen und herzuleiten. Gleichermallen wurde der
Stromverbrauch des kompletten Schulgebdudes wochentlich tiberwacht und Anomalien bei
steigendem Stromverbrauch an Elternabenden oder Wochenenden durch auBlerschulische
Konferenzen diskutiert. Die Ergebnisse und Aktionen der Schiiler im Rahmen der
Intervention wurden wihrend des Schuljahres noch im Schulgebdude ausgestellt. Alle
Klassenrdume waren mit gleich vielen Lampen ausgestattet, wodurch man gegen Ende der
Intervention etwa die Hélfte der Energiekosten einsparen konnte (“GAIA Green awareness

b

in action,” 2020). Die Einsparungen fiir jedes Klassenzimmer wurden wiederum
individuell ermittelt.

Die Interventionsstudie wurde von Lehrkriften vor Ort durchgefiihrt. Fiir die
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Vergleichbarkeit konzentrierte sich die Aktivititen auf eine griechische Schule im Grof3raum
Athen. Ein Jahr zuvor haben drei weitere Schulklassen aus zwei anderen Schulen auch
teilgenommen, welche urspriinglich als Kontrollklassen angedacht waren. Da keine
Unterschiede zwischen den verschiedenen Klassen in Bezug auf Umweltwissen,
Umwelteinstellung und Umweltverhalten gefunden werden konnte, galt die komplette
Stichprobe als theoretische Grundlage fiir die Interventionsstudie und die Validierung der neu

entwickelten Umwelt-Wissensfragen.

C.5 Ergebnisse und Diskussion

Die vorliegende Arbeit untersucht im ersten Teil exemplarisch die aktuelle Wahrnehmung aus
einer westeuropdischen Bevolkerungsschicht bei 464 Studierenden. Thematisch bildet diese
einen Konsens beider Teilstudien, wodurch sich Querbindungen erschlieBen lassen. Der
zweite Teil der Arbeit ist fokussiert auf eine griine Bildungsinitiative — Energie sparen im

Klassenzimmer, welche sich in Theorie und Praxis aufteilt und ebenfalls eine Einheit bildet.

Teilstudie A Vorstellungen von Studierenden im Kontext Umweltbildung

Der Cohen’s Kappa Koeffizient ergab als Qualititsmerkmal einen Intra- und Interrater
Reliabilitdtswert von jeweils 0,95 (Selbst-Kategorisierung) und 0,86 (Fremd-
Kategorisierung). Beide Werte lassen auf eine gute Ubereinstimmung der Beobachtungen
riickschliefen (Cohen, 1968). Insgesamt wurden 18 % aller Beobachtungen Re-kategorisiert.
Die Wahrnehmungen der beiden Begriffe Umweltbildung (UB) (Ngeosachungen = 595) und
Bildung fiir eine Nachhaltige Entwicklung (BNE) (Ngeobachumgen = 648) sind nach einer
Kontingenzanalyse zufolge iiber alle sieben Kategorien hinweg unabhéngig (Ce»r = 0,37;
Nseobachungen = 1.243; p < 0,001). Gleiches gilt zwischen den Beobachtungen der Wiinsche nach
mehr Informationen (Nseobachungen = 254) in der Umweltbildung (Nseovachungen = 595) und der
Wahrnehmung des Umweltbildungsbegriffes (Ceor = 0,536; N = 849; p < 0,001). Die Anzahl
der Ergebnisse variieren je nach Fragestellung in den einzelnen Hauptkategorien. So wurden
beispielsweise 165 Beobachtungen beziiglich der Ressourcen bei BNE gemacht, hingegen nur
65 Beobachtungen bei der Wahrnehmung von Umweltbildung. Bei der Frage, welche
Informationsquelle am meisten zur Aufkldrung von Umweltbildung beigetragen hat, wurde
das Elternhaus an erster Stelle genannt. Medien, Schule und auBerschulische Lernorte wurden
zu gleichen Anteilen an zweiter Stelle erwihnt, gefolgt von Werbung und Politik an letzter

Position. Die Fremdwahrnehmung der Naturverbundenheit zwischen Mensch und Natur
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wurde deutlich hoher eingestuft (M = 5,024; SD = 1,174) als die der Selbstwahrnehmung
(M =3,954, SD = 1,145).

Die Wahrnehmungen beziiglich der drei Dimensionen Okologie, Okonomie und
Soziales folgten keinem einheitlichen Muster. Nicht nur die Anzahl der Beobachtungen
unterscheiden sich in den jeweiligen Hauptkategorien, sondern auch beziiglich einer neuen
Unterkategorie: ,,ndchster Generationen Aspekt”, welcher nur in der Hauptkategorie
Soziales in BNE beobachtet wurde. Dies ist insofern erfreulich, weil mit dem Ziel der
Agenda 2030, die Soziale Dimension gestirkt werden soll. Bisher galt diese als die
schwichste der drei Dimensionen (Lehtonen, 2004). Begriffsnennungen wie beispielsweise
Menschenrechte, Frieden oder Geschlechtergerechtigkeit wurden weder bei der
Umweltbildung noch bei BNE beobachtet. Das Wort Ressource wurde besonders haufig
bei der Wahrnehmung von BNE genannt, welche Manni und Kollegen (2013) bei ihrer
Studie auch gefunden haben. Bei der Aussage ,,sparsamer Umgang mit Ressourcen®
beispielsweise kann man nicht daraus schlieBen, ob eine Einstellungs- oder eine
Verhaltenspréferenz dahintersteckt. Diesbeziiglich wurde diese Teilstudie um weitere
Hauptkategorien, ndmlich die derzeitigen oOkologischen Problemstellungen, Bildung,
Umwelteinstellungen und Umweltverhalten erweitert. Bei der Frage, zu welchen
Themengebieten in der Umweltbildung sich Studierende noch mehr Informationen
wiinschen, haben weniger als die Hilfte eine AuBerung gemacht: Die hiiufigsten Aussagen
gingen von der Frage aus ,,wie man die Umwelt schiitzen kann®“, ,,wie man Abfille
vermeidet™ oder ,,wie man das Lernen fordert”. Dergleichen wiinschten sich Studierende
mehr Informationen zum Klimawandel. Diese AuBerungen kniipften an die Frage an,
welche unterschiedlichen Informationsquellen zur Aufkldrung in der Umweltbildung der
Studierenden beigetragen haben. Schule und auBlerschulische Lernorte sind neben Medien
gleichermaflen an  zweiter Stelle benannt. Die  Erkenntnisse aus  der
Umweltbildungsforschung haben bereits vor zwanzig Jahren ergeben, dass das Elternhaus
fiir die Erziehung in der Umweltbildung wichtig ist (z. B. Eagles & Demare, 1999).
Naturverbundenheit wird aus der Sichtweise von Studierenden eher als anthropozentrisch
betrachtet, wohingegen sie gleichzeitig von einer O0kozentrischen Weltsicht als Ideal

iiberzeugt sind.

Teilstudie B Vorstellungen von Studierenden im Kontext Umwelt und Natur

Der Cohen’s Kappa Koeffizient ergab als Qualititsmerkmal einen Intra- und Interrater

Reliabilitdtswert von jeweils 0,76 (Selbst-Kategorisierung) und 0,60 (Fremd-
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Kategorisierung). Beide Werte lassen auf eine gute Ubereinstimmung der Beobachtungen
riickschliefen (Cohen, 1960). Insgesamt wurden 15 % aller Beobachtungen Re-kategorisiert.
Die erste Frage bezog sich auf die Wahrnehmung des Umweltbegriffs. Induktiv konnten alle
Beobachtungen drei ethischen Sichtweisen (biozentrisch, 6kozentrisch und anthropozentrisch)
zugeordnet werden. Insgesamt wurden 14 Kategorien mittels einer hierarchischen
Clusteranalyse untersucht, um Muster im Datensatz zu erkennen. Ein Fiinftel aller
Studierenden haben Aussagen ausschlieflich zu einer ethischen Sichtweise getroffen,
wohingegen alle anderen Studierenden verschiedene Vorstellungen angegeben haben
(NBeobachungen = 498 ohne Natur, Npeopachumgen = 549 mit Natur). 40 Prozent aller Aussagen gehen
auf die Wahrnehmung Natur zuriick, welche mit der Umwelt gleichgesetzt wurde. Emotionen
und Gefiihle werden im Zusammenhang mit der Natur ausschlieBlich als positiv empfunden.
Bindre Regressionsanalysen ergaben in dieser Stichprobe keine Unterschiede bei den drei am
hiufigsten genannten Kategorien (Ruhe, Freude und Asthetische Wertschitzung) in Bezug auf
den Wert der Naturverbundenheit. Bei der Frage nach der grofften Umweltgefahrdung und der
Wahrnehmung, den eigenen FuBabdruck zu verringern, wurden 1430 studentische
Beobachtungen (Numweugefinraung = 633, Nokolrupavaruce = 797) gemacht. Einer Kontingenzanalyse
zur Folge sind die Beobachtungen iiber alle fiinf Hauptkategorien unabhéngig entstanden
(Ceorr = 0,54; N =1.430; p < 0,001). Die Anzahl der Beobachtungen variiert in den jeweiligen
Hauptkategorien jedoch unterschiedlich stark. Der Wert der Naturverbundenheit wirkte sich
hier iiber alle Kategorien hinweg unterschiedlich aus.

Nach der Definition von Umwelt umfasst dieser Begriff aus heutiger Sicht alle lebenden
Organismen sowie deren Beziehungen untereinander als auch mit ihrer Umgebung (Ingold,
2014). Die meisten Studierenden assoziierten eine Vielzahl von wissenschaftlichen
Konzepten, welche in Folge einer hierarchischen Clusteranalyse kein erkennbares Muster
ergaben. Ein Viertel aller Studierenden haben den Mensch (Ngeosachungen = 84) mit dem Begriff
Umwelt verbunden, worin die meisten sich als einen Teil der Umwelt sehen (Kategorie: uns
umgibt/wir leben, Npeopachungen = 128), wihrend andere sich als Mittelpunkt sehen (Kategorie:
ich lebe/mich umgibt, Ngeopachungen = 84). Unter dem gleichen Gesichtspunkt haben Schiilern
einer anderen Studie mehrheitlich den Begriff mit einzelnen Arten verbunden, ohne
menschliche Wahrnehmungen einzubeziehen (Pointon, 2014). Einer weiteren Studie zufolge
setzen viele Erwachsene den Umweltbegriff mit der Natur gleich (Flogaitis & Agelidou, 2003;
Munoz und Kollegen, 2009). Diese konnte unsere Teilstudie ebenfalls bestitigen. Aus der
Naturbewusstseinsforschung hat die Natur zwei wichtige Bedeutungen: Einerseits gilt die

Natur als Symbol fiir gutes Leben und andererseits verbindet man die Natur als ein Ort der
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Entspannung und Erholung (Gebhard, 2013). Bei der Frage, welche Gefiihle und
Emotionen (Ngeobachumgen = 651) mit dem Naturbegriff verbunden werden, haben sich zehn
Kategorien induktiv aus der Summe aller Antworten ergeben. Uberwiegend wurden
Beobachtungen aus den Hauptkategorien Ruhe (Naeobachungen = 277), Freude (Npeovachungen =
149) und asthetische Wertschdtzung (Nseosachungen = 120) gemacht, welche sich mit der
vorgenannten Aussage decken. Mehr als 100 Beobachtungen stehen fiir zwei
Unterkategorien innerhalb der Hauptkategorie Ruhe, nidmlich Freiheit (Ngeosachungen = 117)
und Stille (Nseobachungen = 104). Diese Ergebnisse lassen sich auch mit der Studie von
Schuster (2008) vergleichen. Dort haben iiber Tausend Jugendlichen mehrheitlich den
Naturbegriff mit Ruhe, Erholung, Wald, Schonheit, Tiere und Pflanzen verbunden. Die
Vorstellungen der grofften Umweltgefahrdung (Nseobachumeen = 650) und gleichzeitig die
Vorstellungen Studierender, ihren eigenen oOkologischen FufBabdruck zu verringern
(Npeobachungen = 981), klaffen weit auseinander. Einer bindren Regressionsanalyse zu Folge
gibt es keine Unterschiede zwischen dem Level der Naturverbundenheit und der Ansicht,
dass der Mensch (Nseobachungen = 191) die groBite Umweltbedrohung darstellt. Zu Mobilitdt &
Transport (Npeobachungen = 233), sowie Ressourcen & Konsum (Nseobachungen = 318) wurden
mehr Beobachtungen gemacht, je hoher der Wert der Naturverbundenheit vonseiten der
Studierenden angegeben wurde. Gleiches gilt auch bei der Miillvermeidung (Npeobachungen =
126). Den Beobachtungen zufolge sehen Studierende eine Moglichkeit ihre eigene
Mobilitit einzuschranken, indem sie mehr 6ffentliche Verkehrsmittel nutzen oder mit dem
Fahrrad fahren. Nicht verwunderlich andererseits, wenn die Universitdt im Zentrum der
Stadt liegt und es keine Parkplatzmdglichkeiten gibt. In Sache Konsum konnte ihren
Aussagen zufolge ein Umdenken bei einigen Studierenden hinsichtlich dem
Fleischverzicht und ein Umsteigen auf regionale und saisonale Produkte stattfinden

(N Beobachtungen = 1 5 0)

Teilstudie C Unterrichtsmodul in der Theorie — Pfadmodell

Diese Teilstudie beschiftigt sich mit den Zusammenhingen von Umweltwissen
(Systemwissen, Handlungswissen und Effektivititswissen), Umwelteinstellungen
(Naturschutzpraferenz, Wertschitzung und Natur(aus)nutzungspriferenz) und den sechs
Verhaltenspréiferenzen (Konsum, Energiesparen, Mobilitit und Transport, Recycling,
Vikariierende Verhalten in Bezug auf Umweltschutz und Abfallvermeidung) in einem
Pfadmodell. Um die Qualitdt der neu entwickelten Wissensitems zu {iberpriifen wurde das

Rasch-Modell eingesetzt. Die 30 getesteten Items (je zehn pro Wissensdimension) lagen in
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diesem Fall in einem angemessenen Bereich (0,84 < wMNSQ < 1,10). Des Weiteren weisen
die Items eine akzeptable Personenreliabilitit auf (Werte zwischen -3 und +2). Die
orthogonale Struktur der 2-MEV-Skala von Bogner (2018) konnte mittels einer explorativen
Faktorenanalyse bestétigt werden. Der Kaiser-Meyer-Olkin (KMO) Test ergab einen Wert von
0,8 und war damit akzeptabel. Die Reliabilitét lag fiir den Faktor Naturschutzpriaferenz (7ems
= 7) bei einem Cronbach’s Alpha Werte von 0,78; Wertschitzung (7., = 6) bei 0,57 und fiir
den Faktor Natur(aus)nutzungspriaferenz (niems = 7) bei 0,59. Diese Werte waren statistisch
ausreichend. Fiir die sechs Verhaltenspriferenzen der GEB-Skala (Kaiser und Kollegen, 2007)
lagen die Cronbach’s Alpha Werte teilweise in einem ausreichenden Bereich (Konsum 0,53
(Nuems = 8); Energiesparen 0,33 (Niews = 6); Mobilitdt und Transport 0,36 (Niews = 3);
Recycling 0,57 (Niems = 6); Vikariierende Verhalten in Bezug auf Umweltschutz 0,70 (Nyems =
9) und Abfallvermeidung 0,47 (Nuews = 8). Die konfirmatorische Faktorenanalyse zeigte
unterschiedliche Zusammenhinge zwischen Umweltwissen, Umwelteinstellung und
Umweltverhalten, sowie die Zusammenhinge zu den jeweiligen Unterkategorien.

Umweltwissen weist eine hohere Linearitit zu Umwelteinstellung (§ = 0,69, p > .001),
als zu Umweltverhalten auf (§ = 0,37, p = .001). Bei Umwelteinstellungen und
Umweltverhalten besteht der grofiten linearen Zusammenhang (€ = 0,80, p > .001) in dieser
Teilstudie. Ursédchlich betrachtet ist der Einfluss der drei Wissensdimensionen zu
Umweltwissen &dhnlich, ebenso die Unterskalen zu Umwelteinstellungen. Die
Natur(aus)nutzungspréferenz steht wie auch in der explorativen Faktorenanalyse negativ in
Beziehung zur Umwelteinstellung. Die Verhaltenspriferenzen von Umweltverhalten stehen
dabei in einem unterschiedlichen Zusammenhang. Hohere Werte von Recycling suggerieren
eine hohere Zustimmung, wihrend Mobilitit & Transport eine niedrigere Zustimmung
erhielten. Dies konnte daran liegen, dass die Schiiler die Abfalltrennung von Kindesbeinen an
kennen, wihrend sie bei der Mobilitdt & Transport noch abhingig von den Eltern sind. Die
Schiiler stammen aus dem Groffiraum Athen und werden in der Regel von deren Eltern zur
Schule gebracht, welche auBlerhalb der Stadt liegt. Wéahrend das Pfadmodell im Kontext
Energiesparen im Klassenzimmer fiir die theoretischen Zusammenhénge stand, widmet sich
Teilstudie D den Zusammenhidngen zwischen Umweltwissen, Umwelteinstellung und
Umweltverhalten in der Praxis. Bis heute gibt es wenige Publikationen, welche alle drei
Bereiche gleichzeitig abdecken. In einer Studie von Geiger, Dombois & Funke (2018) lag der
Fokus beispielsweise bei einem Kulturvergleich zwischen Argentinien und Deutschland.
Anstelle der 2-MEV-Skala wurde die alte NEP-Saka von Dunlap & Van Liere
(1978) verwendet, wodurch keine Vergleichbarkeit moglich ist.
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Teilstudie D Unterrichtsmodul in der Praxis — Evaluation

Die Items von Umweltwissen (Njens = 15) sind wie bei Teilstudie C mittels einem
probabilistischen Rasch-Modell auf deren Qualitdt iiberpriift worden (TO: 0,83 < wMNSQ
<1,09, T1: 0,79 < wMNSQ < 1.17). In einem weiteren Schritt wurde fiir alle Wissensitems
zusammen eine logit-Transformation durchgefiihrt und fiir jeden Schiiler ein individueller
Rasch-Personenschitzer-Wert (logits) ermittelt. Das Gleiche gilt auch fiir alle Items vom
Umweltverhalten (Nuns = 21). Einer Regressionsanalyse von Umweltwissen zufolge,
zeigte sich ein Wissenszuwachs iiber alle drei Dimensionen hinweg zwischen dem Vor-Test
(T0) und dem Nach-Test (T1) (F = 12,66, df = 130, r* = 0,09, p = 0,001). Leistungsstarke
Schiiler (hohe logit-Werte) haben im Durchschnitt mehr Items beantworten konnen, als
leistungsschwache Schiiler (niedrige Logit-Werte). Sowohl Jungen als auch Maidchen
haben durch die Interventionsstudie dazu gelernt, wobei die Maddchen im Vor-Test besser
abgeschnitten haben. Der Levene-Test bestdtigte, dass es keine Homogenitit zwischen den
drei Wissensdimensionen und den drei Einstellungspriferenzen gab. Infolgedessen kam es
bei Systemwissen zu einem Verlust und gleichzeitig zu einem Zuwachs von
Handlungswissen und Effektivititswissen. Umwelteinstellungspraferenzen hatte keinen
Einfluss gegeniiber dem Wissenserwerb. Es lernten sowohl Schiiler mit hoher als auch mit
niedriger Natur(aus)nutzungspriferenz dazu. Schiiler mit einem niedrigen Personen-
Schitzer-Wert in Bezug auf Umweltverhalten zeigten eine niedrigere Naturschutzpriferenz
im Vor-Test und zogen im Nach-Test mit den Schiilern mit einer hohen
Umweltschutzpraferenz gleich. Bei Schiilern mit hoher Natur(aus)nutzungspriaferenz
zeigten vor der Intervention hohere anthropozentrische Verhaltenspraferenzen und zogen
mit Schiiler niedriger Natur(aus)nutzungspraferenz gleich. Vergleicht man den
Wissenszuwachs unter Einbezug auf Umweltverhalten, so haben Schiiler mit einem
niedrigen Personen-Schitzer-Wert mehr dazu gelernt, als Schiiler mit hohen Werten.
Bezogen auf die drei Dimensionen von Umweltwissen kann das angestrebte
Energiesparen im Klassenzimmer ebenfalls zu einem gesteigerten Umweltwissen
beisteuern. Jedoch unterscheidet sich diese Teilstudie von anderen Studien (z. B. Fremerey
& Bogner, 2014; Liefldnder und Kollegen, 2015; Thorn & Bogner, 2018) in einem Punkt:
wihrend Handlungswissen und Effektivititswissen im Einzelnen gesteigert werden
konnten, kam es beim Systemwissen zu einer Abnahme. Handlungswissen erfordert
konkrete Handlungsentscheidungen, welche durch die Intervention gezielt in den
Schulalltag eingebettet waren. Dariiber hinaus bedarf es einer konsequenten Umsetzung im

Alltag. In diesem Fall konnte man mithilfe von technischen Gerdten zeigen, dass die
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Energiekosten um mehr als die Hélfte gesenkt werden konnten. Diese Teilstudie widerspricht
daher der Aussage, dass alle drei Wissensarten notwendig sind, um Schiiler zu 6kologisch-
nachhaltigem Handeln zu befdhigen (Liefldnder und Kollegen, 2015). Umwelteinstellungen
haben im Gegensatz zu zahlreichen anderen Studien keinen Einfluss auf das Umweltwissen
gehabt. Es profitierten sowohl diejenigen, welche hohe oder niedrige Natuschutzpriaferenzen
angegeben haben, als auch Schiiler mit niedrigen und hohen Natur(aus)nutzungspriferenzen.
In Bezug auf den Personen-Schitzer-Wert von Umweltverhalten profitieren die Schiiler in
puncto Wissenszuwachs, welche eher niedrige Umweltpraferenzen angegeben haben. Der
Zuwachs war allerdings nicht sehr hoch und grundsitzlich ist es eher schwierig,
Gewohnheiten zu dndern, wie Studien mit Erwachsenen gezeigt haben (Henn, Taube, &
Kaiser, 2019; Rieger und Kollegen, 2016). Griine Initiativen zielen nicht darauf ab,
Umweltbewusstsein und Verhaltenspraferenzen zu erzwingen (Grenhej & Thegersen, 2017).
Ihr Schwerpunkt liegt auf der Gestaltung der Fahigkeiten der Schiiler durch Faktoren wie
beispielsweise Wissen, Motivation, Einstellungen, Werte und Handeln. Diese wiederum
vermitteln die Basis, welche sie zu umweltbewusste Biirger befdhigen (Marcinkowski & Reid,
2019). Dabei soll ihnen ein eigener Raum fiir freie Handlungsentscheidungen gewihrleistet

werden (Bandura, 1982).

C.6 Schlussfolgerung und Ausblick

Vorstellungen von Studierenden haben gezeigt, dass Erfahrungen in Sachen Nachhaltigkeit
im Laufe ihres Lebens bereits stattgefunden haben. Die beiden Begriffe Umweltbildung und
Bildung fiir eine Nachhaltige Entwicklung (BNE) werden nicht gleichsam wahrgenommen,
wie beispielsweise ,,der ndchsten Generationen Aspekt oder bei der Héaufigkeit von der
Begriffsnennung  ,Ressource bei BNE. Das Problembewusstsein und die
Aufnahmebereitschaft fiir die Wahrnehmung von Umweltzerstérungen bildet sich bei Kindern
schon sehr frith aus und kann sich im Jugendalter noch stirker ausprigen (Gebhard, 2013).
Die Sensibilisierung, dass der Mensch die grofite Bedrohung fiir die Umwelt darstellt und ein
Umdenken stattfinden muss, zeigte sich durch ein breites Spektrum verschiedenster
Moglichkeiten an Begriffsnennungen, seinen eigenen FuBabdruck zu verringern. Die
Bereitschaft, sich noch mehr Informationen in puncto Umweltbildung anzueignen, war jedoch
nicht sehr grof8. Die Werte spiegeln ein breites Spektrum von Motivationen wider und
unterscheiden sich als solche von 6kologischen Weltanschauungen und Umweltbelangen

(Steg & De Groot, 2012). Studierende haben verschiedenste Konzepte mit der Umwelt
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verbunden und sehen sich selbst als ein Teil davon. Sie gehen aber eher von einer
okozentrischen Weltansicht als Ideal aus und sehen sich dabei selbst als anthropozentrisch.
Im Sinne der Alltagsphantasien héngen Gefiihle und Vorstellungen zusammenhidngen
(Gebhard, 2009), welche aus Erfahrungen und schonen Kindheitserinnerungen resultieren
konnen. Ruhe, Frieden und dsthetische Wertschitzung waren dabei die am hiufigsten
genannten Aussagen beziiglich der Gefiihle/Emotionen gegeniiber der Natur. Studierende
gaben an, dass die meiste Aufkldrung beziiglich des Umweltbildungskontextes durch das
Elternhaus stattgefunden hat, gefolgt von der Bildungsinstitution Schule. Kritiker sehen
den Wandlungsprozess in eine Nachhaltige Entwicklung eher als einen Schritt in Richtung
Anthropozentrismus (Kopnina, 2012, 2020). Eine soziale Erwiinschtheit kann auch bei
dieser Arbeit nicht ausgeschlossen werden, was sich aus den Antworten der Studierenden
ableiten lasst.

Das Unterrichtsmodul — Energiesparen im Klassenzimmer — konnte zeigen, wie eng
nachhaltiger Unterricht in Theorie und Praxis miteinander verzahnt sein konnen. Das
Pfadmodell illustrierte dabei den Zusammenhang der drei latenten Dimensionen
(Umweltwissen, Umwelteinstellungen und Umweltverhalten), unter Einbezug der
jeweiligen Unterkategorien. Durch die konsequente Umsetzung im Klassenzimmer wurde
das Drei-Sdulen-Modell der nachhaltigen Entwicklung erfolgreich umgesetzt. Dabei galt
der 6konomische Aspekt dem Hauptthema, durch den internen Wettbewerb zwischen den
einzelnen Klassen den gesamten Energieverbrauch zu minimieren. Nicht nur unter
Einbindung aller Schiiler und Lehrer der sechsten Jahrgangsstufe zielte der soziale Aspekt
auf eine groBere Erreichbarkeit weiterer sozialer Kontakte ab (z. B. Familien, Freunde und
Kontakte in sozialen Netzwerke). Schlussendlich diente das Ganze auch dem 6kologischen
Aspekt, durch die eingesparten CO, Emissionen gemeinsam einen Teil zum Umweltschutz
beizutragen. Durch den Einsatz von technischen Messgeréten konnte bestitigt werden, dass
es durch die Handlungsbereitschaft der Schiiler moglich wurde, den Energieverbrauch
bereits wihrend der Intervention zu reduzieren. Dies spiegelte sich in den Daten des
Wissenszuwachses, insbesondere beim Handlungswissen, wider. Eine 06kologische
Einstellung ist dabei unerlédsslich, langfristig Handlungsentscheidungen ohne sozialen
Druck (Wettbewerb) auszufiihren.

Grundsitzlich kénnen beim ,,Wissenserwerb® sowohl soziale als auch kulturelle
Faktoren einem Einfluss auf die Ergebnisse mit ausiiben (Geiger Dombois & Funke, 2018;
Kollmuss & Agyeman, 2002), ebenso das Alter, das Geschlecht und der Bildungsstand
(Lieflinder & Bogner, 2014). Diese Unterschiede gelten auch in Bezug auf
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Umwelteinstellungen und Umweltverhalten, welche schlussendlich das Umweltbewusstsein
formen. Personliche Erfahrungen und wissenschaftliche Erkenntnisse (Andresen und
Kollegen, 1999) vonseiten der Schule tragen zur Formung von Vorstellungen bei (Driver,
1989; Piaget, 1964). Die Auswertungen des Unterrichtsmoduls der sechsten Jahrgangsstufe
stechen exemplarisch flir ein osteuropdisches Land. Es besteht auch hier noch weiterer
Forschungsbedarf, das Pfadmodell von nachhaltigem Unterricht in Theorie und Praxis
einzusetzen, um eine allgemeine Giiltigkeit aussprechen zu konnen. EU-Projekte
beispielsweise wiirden sich hier gut anbieten, weil durch sie eine hohere Erreichbarkeit von
Schulen gewihrleistet werden kann. Bei einer groBeren Stichprobe wiren auch Vergleiche
zwischen Kulturen und sozialen Schichten eher moglich. Es bedarf jedoch einer groBeren
Bereitschaft vonseiten der Schulen, Evaluationen zuzulassen. Prinzipiell ist eine
Verdffentlichung solcher Projekte anzustreben, damit die Offnung von Schulen nicht nur ein
theoretisches Konstrukt bleibt. Dadurch kann gewaihrleistet werden, dass auch andere
Bildungsintuitionen erreicht werden konnen und davon profitieren. Die Ergebnisse der
Vorstellungen von Studierende stehen ebenfalls exemplarisch fiir eine Bevolkerungsschicht
mit hohem Bildungsniveau eines westeuropdischen Landes. Auch hier besteht noch weiterhin
Forschungsbedarf, kulturelle und soziale Faktoren zu untersuchen, inwiefern der
Nachhaltigkeitsbegrift eine Allgemeingiiltigkeit hat oder sich hinsichtlich anderer Variablen,

unterscheidet.
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Alle Teilarbeiten wurden von mir selbststindig als Erstautorin konzipiert, verfasst und
mithilfe von Herrn Prof. F.X. Bogner iiberarbeitet. Bei Teilstudie D hat zusétzlich Herr P.
Koulouris den Teil des Unterrichtsmoduls verfasst (1.2. Green Awareness in Action (GAIA)

Intervention), sowie die Bilder aus Griechenland fiir die Teilstudie zur Verfiigung gestellt.

Der Fragebogen der Teilstudie A + B fiir Studierende wurde von mir konzipiert, eigenstindig
ausgewertet und verfasst. Alle Fragebogen wurden durch mich vor Ort an alle Studierende am
Ende der Vorlesung mit Zustimmung der jeweiligen Dozenten verteilt und wieder
eingesammelt.
Der Fragebogen der Teilstudie C + D fiir die Schiilerinnen und Schiiler wurde von mir
konzipiert, eigenstindig ausgewertet und verfasst. Alle Evaluationsinstrumente mit Ausnahme
der Wissensitems wurden der Literatur entnommen:

*  Umweltbewusstseins-Skala; 2-MEV-Skala (Bogner. 1999; Bogner 2002; Wiseman und

Bogner. 2003),

* Umweltverhaltens-Skala; GEB-Skala (Kaiser und Kollegen, 2007) und
* Naturverbundenheits-Skala; (INS)-Skala (Schultz, 2002)

Die Wissensfragen basieren auf den Materialien des GAIA-Projekts (http://gaia-project.eu).
AuBlerdem wurden die von mir neu entwickelten Wissensitems mithilfe eines Experten-
Ratings (Mitarbeiter Biologie Didaktik Lehrstuhl) auf die drei Wissensdimensionen iiberpriift.
Nach Absprache mit P. Koulouris wurden die Wissensitems zusammen mit den anderen
Fragen als Fragebogen an den jeweiligen Schulen und Klassen durch die jeweiligen

Lehrpersonen verteilt. Die Interventionsstudie wurde von Lehrkréften vor Ort durchgefiihrt.
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Maurer, M. & Bogner, F.X. (2020). First steps towards sustainability? University freshmen
perceptions on nature versus environment. PLoS ONE, 15(6).

https://doi.org/10.1371/journal.pone.0234560

Teilstudie C
Maurer, M. & Bogner, F.X. (2020) Modelling Environmental Literacy with environmental
knowledge, values and (reported) behaviour. Studies in Educational Evaluation,

65(100863). https://doi.org/10.1016/j.stueduc.2020.100863

Teilstudie D
Maurer, M., Koulouris, P., & Bogner, F. X. (2020). Green Awareness in Action — How
Energy Conservation Action Forces on Environmental Knowledge, Values and Behaviour

in Adolescents’ School Life. Sustainability, 12(3), 955. https://doi.org/10.3390/su12030955



34

F 1 Teilstudie A

F.1 Teilstudie A

@' PLOS | ONE

Check for
‘ updates

E OPEN ACCESS

Citation: Maurer M, Bogner FX (2019) How
freshmen perceive Environmental Education (EE)
and Education for Sustainable Development (ESD).
PLoS ONE 14(1): €0208910. https:/doi.org/
10.1371/journal.pone.0208910

Editor: Helen Kopnina, The Hague University of
Applied Science, NETHERLANDS

Received: May 24,2018
Accepted: November 22, 2018
Published: January 14, 2019

Copyright: © 2019 Maurer, Bogner. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The minimum
underlying data set necessary to support the
results of this study is available within the paper
and its Supporting Information files.

Funding: This project is a part of the
“Qualitétsoffensive Lehrerbildung”, a joint initiative
of the Federal Government and the Lénder which
aims to improve the quality of teacher training. The
programme is funded by the Federal Ministry of
Education and Research (Grant: 01JA160, hitps:/
www.qualitaetsoffensive-lehrerbildung.de/ to MM).
This project is furthermore a part of the ‘0SOS -

How freshmen perceive Environmental
Education (EE) and Education for Sustainable
Development (ESD)

Michaela Maurer *, Franz Xaver Bogner

Centre of Math & Science Education, Department for Biology Education, University of Bayreuth, Bayreuth,
Germany

* Michaela.Maurer @ uni-bayreuth.de

Abstract

Concepts of 464 university freshmen towards Environmental Education (EE) and Education
for Sustainable Development (ESD) were analyzed. Responses were classified into seven
main categories: ‘ecological aspects’, ‘ecological problems’, ‘economical aspects’, ‘social
aspects’, ‘environmental attitudes’, ‘environmental behavior’ and ‘education’. Analyses of
sustainability concepts show a large discrepancy between EE and ESD, whereby the latter
includes an additional sub-group: ‘the next generation aspect’. Labeling individual sources
of EE in a retrospective assessment identified the family as the most important source of
knowledge, followed by media, school and outreach. Further differences were detected
between students’ self-perception and their ideal conception of environmental behavior, by
using the scale Inclusion of Nature in Self (INS). Only some EE statements produced higher
(unfulfilled) expectations ‘economic aspects’, ‘environmental behavior’ and ‘ecological prob-
lems’. In contrast fewer (unfulfilled) expectations were observed in the categories of ‘educa-
tion” and ‘ecological aspects’.

Introduction
Overview of Environmental Education history

In addition to Environmental Education (EE), the term Education for Sustainable Develop-
ment (ESD) has been in use for several decades. Do the concepts behind EE and ESD overlap?
Initial approaches to natural phenomena in EE go back to early European Educational
Reformers (e.g. Comenius, Rousseau, Pestalozzi, Goethe and Humboldt), long before ‘EE’ was
defined, and before the attempt was made to integrate EE approaches into a general concept of
education [1]. At the UCN/UNESCO ‘International Working Meeting on Environmental Edu-
cation” (USA, 1970), the ‘original definition” of EE was “. .. the process of recognizing values
and clarifying concepts to develop skills and attitudes necessary to understand and appreciate
the inter-relatedness among man, his culture, and his biophysical surroundings. EE also entails
practice in decision-making and self-formulation of a code of behavior about issues concern-
ing environmental quality” [2]. A few years later, the term EE was recognized at the UN
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Conference on Human Environment in Stockholm [3]. The earliest environmental move-
ments triggered the publication of Carson’s book: ‘Silent Spring’, in which she claimed that
DDT and other pesticides harm the environment [4] (DDT was found in e.g. Adélie penguins
and Weddell seals) [5]. Years later environmental movements used this claim to enforce a
global ban of DDT. Due to the environmental problems of the 20™ century, such as ‘acid rain’
(e.g. [6]), ‘air pollution’(e.g. [7]) or ‘ozone layer decline’(e.g. [8]), the global population devel-
oped an increasing environmental awareness, compatible with the EE goals concerning ‘atti-
tudes’, ‘motivations” and ‘commitment to work individually towards solutions of current
problems’ [3, 9, 10, 11]. These goals were reinforced after the Belgrade Charter [9] and
expanded in the Tbilisi Declaration in the late 70s [10]. In the 90s, the Rio-Conference defined
EE in a broader sense, by developing a global action plan (‘Agenda 21’) with regard to sustain-
able development (SD) [11]. Although the term ‘SD’ originated in the book Silvicultura oeco-
nomica (1713) by Carlowitz, that focused only on “forestry’ [12], today the term ESD includes
‘local’, ‘national’ and even ‘global actions’, which deal with present and future aspects of SD as
a new guide for ‘lifelong development competencies’ [11]. ESD is a combination of three
aspects: environmental (ecological), economic (including poverty reduction, corporate
responsibility and accountability of society) and social (including employment, human rights,
gender equity, peace and human security) aspects [13, 14, 15]. In graphic representations, they
are often illustrated a same-sized circles with a circle labelled “human well-being” in the center
representing the quality of life [16]. To the present day, the relationship between EE and ESD
has been controversial: some authors consider ESD as the most effective approach to deal with
current problems, as ESD may best meet the Rio-Conference recommendations [15]. Since
Rio [11], ESD approaches concentrating on sustainable, modified attitudes and behaviors have
gradually been included from primary to higher education worldwide [15, 17]. To support
learning, students need diverse access to educational contents, and therefore topics, skills and
different teaching methods must vary [18]. Researchers have been interested in measuring
‘environmental awareness’, ‘attitudes based on connectedness to nature’ or ‘behavior towards
the environment’ for several decades. An example of a standardized and world-wide accepted
measuring instrument is the ‘Inclusion of Nature in Self (INS)’ scale [19], which was used in
this study. By consulting another measuring technique, namely the ‘General Ecological Behav-
ior (GEB)’ [20], five sub-scales where classified into sub-categories to describe the main cate-
gory of ‘ecological behavior’. Another approach to ‘sustainable development’ claims that
unprecedented material consumption, human greed and the human economic subsystem are
huge problems of the modern world [21], which is why some authors see ESD critically. The
concepts of ‘SD” and ‘ESD’ are contradictory in their view of how ‘sustainability’ deals with the
conflict between ‘economic growth’ and ‘environmental protection’ [22]. How far can natural
resources [23] in developing countries be distributed fairly [24] and how is this problem
related to ‘human welfare’, ‘equality’ and ‘equal rights’ [23]? Another point of discussion could
be that people can choose between exploitation and protection of the environment [25] (e.g. by
lifestyle or consumer behavior), subscribing to an anthrophocentrical or an ecocentrical view.
Critics are concerned that sustainability tends towards anthropocentrism [23] if the rights and
interests of human beings are the main focus. In contrast to that, the ecocentric approach puts
special emphasis on the moral responsibility of humanity towards fellow humans [15], plants,
animals and ecosystems [26]. Other authors argue that neither EE nor ESD solve crucial con-
troversial disputes like ‘polyvalent decisions’. Replacing ‘nuclear power’ with ‘wind power sys-
tems’ brings new problems like ‘noise pollution” and ‘bird protection’ [27]. It is particularly
hard to raise students’ awareness of the value of nature [23] (e.g. ‘you will protect what you
love but on the other hand, you will not protect what you don’t know’), because students have
great difficulty understanding the underlying complex processes (e.g. why a forest dies) [27].
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In addition, even ecologically oriented students struggle to deal with SD issues if they were
taught by poorly trained teachers [23].

Overview of Environmental Education history in school

The history of education suggests that EE can support children in achieving an eco-friendly
way of life, not merely in acquiring knowledge about the bio-physical natural environment
[28]. In the 60s, pupils gained only knowledge by studying species and physical systems. Later
in the 70s practical knowledge was acquired through outdoor adventures and urban studies.
The global education efforts of the 80s, which included for example [29] a variety of teaching
methods (e.g. inquiry learning, problem-based learning, project based learning, case-based
teaching, discovery learning or just in-time teaching) [18] already incorporated EE modules
while ESD still was in its infancy. Since the 90s, EE has become a recognized approach around
the globe and formal and informal efforts have been made to integrate cognitive, affective and
psychomotoric aspects of learning [30]. However, diversity of teaching methods does not auto-
matically lead to success, particularly if students’ have poor environmental knowledge, atti-
tudes and behavior [31]. Not only ‘factual-knowledge’ but also ‘action-related knowledge’ and
‘effectiveness knowledge’ need to be increased [32] to promote positive environmental behav-
ior. A few studies have examined short-term inputs (e.g. [33]) and residential program inter-
ventions [34], both of which have led to an increase of environmentally friendly attitudes and
behavior. In our present study we monitor how freshmen perceive the terms EE and ESD after
completing primary and secondary school during the UN decade. We assume that participants
have some conceptions of EE and ESD, because their parents grew up during the evolutionary
period of EE.

Conceptions

Learning is an adaptive process where learners’ conceptual schemes are progressively recon-
structed by a wide range of experiences and ideas [35]. It is assumed that learners consider
both naive personal and scientifically correct explanations [36]. Nowadays, students receive
information from the media, which are not always scientifically based. Over a period of 25
years, Hansen [37] tested the knowledge of Norwegian students about environmental topics
three times. He concluded that the students’ knowledge increased from the first to the last data
collection. Furthermore, students were increasingly confused, perhaps because of the unlim-
ited flood of information provided by e.g. media. Students often retain common sense beliefs
and combine newly acquired school knowledge with their naive conceptions [38]. In addition
to media, teachers also exert a significant influence on students’ conceptions. Cimer et al. [39]
concluded that experienced teachers had more knowledge and fewer misconceptions than
beginners. Teachers’ misconceptions should be eliminated before they are passed on to their
students. Since the early 70s, conceptual ideas have been classified as pre-conceptions (e.g.
[40]), misconceptions (e.g. [41, 42]), alternative conceptions (e.g. [43, 44]), common-sense
concepts (e.g. [45]), initial conceptions (e.g. [46]) or individual perceptions (e.g. [47]). Concep-
tions of certain EE and ESD topics such as climate change (e.g. [48]), pollution (e.g. [49]), bio-
diversity (e.g. [50]) sustainability (e.g. [51]) or gene technology (e.g. [52]) have been studied in
detail. To date there are no published studies about students’ conceptions of EE or ESD. Fréh-
lich and colleagues [53] concluded that the concepts of younger students concerning a specific
topic differ from those of older students, because conceptions are age-dependent [54]. Peda-
gogical and curricular emphases vary in the different countries, and states and schools and
have a fundamental influence on student’s conceptions [55].
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Research goals

It is our main goal to monitor those freshmen’s understanding of ‘EE’ and ‘ESD’ who grew up
during the ‘UN Decade for Sustainable Development’. We had four objectives: first, to analyze
conceptions of EE and ESD with the respect to three dimensions: ‘ecological’, ‘social’ and ‘eco-
nomical’. Second, to detect the origins of individual environmental knowledge. Third, to ana-
lyze the relationship between humans and nature. Fourth, to determine the freshmen’s
(unfulfilled) expectations of EE.

Methods
Ethics statement

The Ethics Committee of Northwest and Central Switzerland (EKNZ) has confirmed that the
research project ‘How Freshmen perceive Environmental Education (EE) and Education for
Sustainable Development (ESD)’ is in line with the general ethical and scientific standards for
research with humans. It posed no health hazards in accordance with the Human Research
Act (HRA, Article 51, paragraph 2). The project didn’t fall under the remit of the cantonal or
federal law (Human research Act) and therefore an approval was not necessary by an ethic
committee, because this project was not defined as a research project as per HRA Art. 2. All
data privacy laws were respected. Gender, age and study status of participants were recorded
pseudo-anonymously.

Sample

Our sample consisted of 464 Swiss German freshmen from a variety of study programs (e.g.,
biology, pharmacy, economics; N = 464, M = 21.3, SD = + 3.1, male = 33.5%, female = 66.5%).
All participants were confronted with three open and two closed questions testing individual
concepts, knowledge and outlook concerning terms associated with the environment. The
open questions included conceptions of Environmental Education (EE), Education for Sus-
tainable Development (ESD) and individual (unfulfilled) expectations of EE. The first closed
question listed six categories of EE sources (‘politics’, “advertisement’, ‘media’, ‘outreach’,
‘school’, ‘family’). All participants were asked to assess the individual importance of the sources
of environmental knowledge using a four-point Likert-scale (‘1 = weak’, 2 = middling’,

3 = strong’ and ‘4 = very strong’). The second closed question was based on a 7-INS (Inclusion
of Nature in Self; adapted from [19]) scale (scale: ‘A = very low’ to ‘G = very strong’) with two
overlapping circles labelled ‘self and ‘nature’ to show the relationship to each other.

Data analyses

Statistical tests were conducted using R (Version 2.14.2). We analyzed both closed questions
using Student’s T-Test, since the variables were normally distributed (Q-Q plot). Based on the
current German syllabus [56], we extracted five main categories from the open questions
inductively (ecological aspects, ecological problems, economical aspects, social aspects, educa-
tion) and two main categories based on students’ statements deductively (environmental atti-
tudes, environmental behavior) [57] (Fig 1).

Categorization

To define the terms of ESD and EE more precisely, we used 28 identical sub-categories
assigned to seven main categories (‘ecological aspects’, ‘economical aspects’, ‘social aspects’,
‘environmental behavior’, ‘environmental attitudes’, ‘ecological problems’ and ‘education’)
(Table 1). In the cases of the question about EE (unfulfilled) expectations, we allocated 70 sub-
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Ecological aspects

Education
Ecological problems
Environmental attitudes

Environmental behavior

Social aspects Economical aspects

Fig 1. Categories of Environment Education and Education for Sustainable Development.

https://doi.org/10.1371/journal.pone.0208910.9001

categories. We summarized each main category as one vote, irrespective of the frequency with
which each participant mentioned the sub-categories within each main category.

To assign all participant statements to main or sub-categories, we accepted synonyms like
nature or habitat instead of ‘Environment’ and information or lesson instead of ‘Education’
for ‘Environmental Education’. From 1443 observed statements we randomly selected 18% to
assess the inter- and intra-reliability. We computed a score of 0.95 for inter-reliability and 0.86
for intra-reliability using Cohen’s Kappa Coefficient [58]. For the contingency analysis Ccoyr
we set a limit of 0.2 and a significance level of o = 0.001. In our quantitative analysis we
included the Bonferroni correction for both analyses separately.

Results

All categories based on open questions (definitions, see Table 2), which are displayed exem-
plary on few examples in Table 1. A four-step analysis revealed the following: first, concept
ideas about ESD and EE. Second, retrospectively labelled individual sources of EE. Third, the
individual connectedness to nature in the Inclusion of Nature in Self (INS) and finally,

PLOS ONE | https://doi.org/10.1371/journal.pone.0208910 January 14,2019 5/16
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Table 1. Categorization examples from freshmen between EE and ESD.

Main categories

ID | Statements 11]2]13|4|5|6|7
55 | Recapturing(2) humans(4) to the environment(4), becoming more conscious(2)and |01 /0[1|0|1 0

e ical(6) (EE).

Economically using resources(2) and preserving the environment(2) (ESD). 0/1/0/0|0|0]|0
63 | Information(1), built awareness(2) towards nature(4) and environment (EE). 1{1|0(1

Information(1) about topics: conservation of resources and handling(2): nutrition 1 1]1

(6), economy(3), social(5), environment(4) (ESD). 1 [ 1
214 | Promote ecological awareness(2) (EE). oj1/oj0|0f0]|0O

Learn(1), what we can do to protect(2) our earth(4) for future generations(5) (ESD). |[1|1|/0|1/1/0/|0
370 | Learn(1) how to handle towards the envir t(2) (EE). 1/{1|/0|0|0|0]|0O

To teach(1) humans(4), that resources(3) are limited and we should consume(6) 1{1|1]1(0|1|0

only as much as we can produce(2) (ESD).

Main categories: (1) Education, (2) Ecological attitudes, (3) Economical aspects, (4) Ecological aspects, (5) Social
aspects, (6) Ecological behavior and (7) Environmental problems

https://doi.org/10.1371/journal.pone.0208910.t001

(unfulfilled) expectations of EE issues in comparison to the freshmen’s individual concept
ideas of EE.

A qualitative content analysis categorized students’ ideas about Environmental Education
(EE) and Education for Sustainable Development (ESD) (Fig 2). We identified 1243 statements
(ngsp = 648, ngg = 595) belonging to seven defined main categories (Table 1). A contingency
analysis showed a relationship over all categories between ESD and EE (C,,, = 0.37, n = 1243,
p < 0.001).

The main categories ‘social aspects’ (C,,, = 0.205, n = 1243, p < 0.001) and ‘economical
aspects’ (Cyopr = 0.296, 1 = 1243, p < 0.001) resulting this small effect (Co,, limit 0.2 and a sig-
nificance level of 0.001, see method).

A quantitative analysis yielded six categories of sources of Environmental Education:
‘advertisement’ (M = 1.592, SD = 0.727), ‘politics’ (M = 1.733, SD = 0.786), ‘media’ (M = 2.377,
SD = 0.879), ‘school” (M = 2.406, SD = 0.768), ‘outreach’ (M = 2.411, SD = 0.830) and ‘family’
(M =2.880, SD = 0.846) (Fig 3). A Paired Student’s T-Test after testing normal distribution
(Fig 4) indicated differences between the categories ‘advertisement” and ‘politics’ (t = -3.251,
df =436, p = 0.001), ‘advertisement’ and ‘media’ (t = -17.197, df = 435, p < 0.001), ‘advertise-
ment’ and ‘school (t = -16.062, df = 433, p < 0.001), ‘advertisement’ and ‘outreach’ (t =
-15.817, df = 430, p < 0.001), ‘advertisement’ and ‘family’ (¢t = -24.686, df = 439, p < 0.001),
‘politics’ and ‘media’ (f = -12.192, df = 435, p < 0.001), ‘politics’ and ‘school’ (t = -13.076,
df =433, p < 0.001), ‘politics’ and ‘outreach’ (t = -12.524, df = 430, p < 0.001), ‘politics’ and
‘family’ (¢ = -22.908, df = 438, p < 0.001), ‘media’ and ‘family’ (t = -9.188, df = 436, p < 0.001),
‘school’ and ‘family’ (¢ = -8.740, df = 434, p < 0.001) and the categories ‘outreach’ and ‘family’
(t =-8.807, df = 431, p < 0.001). The effect size of all analysis explain less than 8% variance
between two category pairs.

The Inclusion of Nature in Self scale (INS) [19] describes the relationship between nature
and the self (Fig 5).

A Paired Student’s T-Test indicated a difference between ‘self-perception’ (M = 3.954,

SD =1.145) and ‘human-perception’ (M = 5.024, SD = 1.174) (Fig 6A and 6B) with respect to
connectedness to nature (f = 20.5, df = 451, p < 0.001). A moderate effect (r = 0.48) explains
23.04% of the dependency between them.

PLOS ONE | https://doi.org/10.1371/journal.pone.0208910 January 14,2019 6/16
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Table 2. Defined categories of freshmen s conceptions of Education for S ble Develop (ESD) and Environmental Education (EE).

Category of Definition Examples

conceptions

Ecological aspects Interaction between organisms with other biotic and abiotic components of their organisms, nature, animals & plants, habitats
environment.

Ecological problems Problems connected to environmental problems. Environmental influence, pollution, climate

change

Social aspects

The individual, in relation to its own social environment and thinking towards nature and
fellow humans.

Sustainable lifestyle, next generation aspect

Environmental Beliefs of people and society concerning nature, ecology and issues of the environment. Awareness, connected with limited resources
attitudes

Ec ical aspects Economy resources and innovation. Research, product/ resources, innovation
Environmental Behavioral patterns based on general ecological behavior (adjusted deductively from sub- Consumption, waste avoidance, recycling
behavior scales of GEB) [20].

Education Accumulation of individual knowledge. Knowledge, information, understanding

https://doi.org/10.1371/journal.pone.0208910.t002
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The second qualitative content analysis categorized students’ ideas about ‘Environmental
Education’ (Fig 2) and ‘(unfulfilled) Environmental Expectation’ (Fig 7). We identified 849
statements (NgpyironmentalEducation = 395> N(unfulfilled)EnvironmentalExpectation = 254) belonging to
seven defined main categories (Table 2). A contingency analysis showed a relationship over all
categories between ‘Environmental Education’ and ‘(unfulfilled) Environmental Expectation’

(Ceory = 0.536, 1= 849, p < 0.001).

T BSD
mm =

ok stk

—— m—
education environmental economical ecological social environmental  ecological
attitudes aspects aspects aspects behavior problems

Fig 2. Percentage distribution of freshmen concept ideas of Education for Sustainable Development (ESD) and Environmental Education (EE). Ny icipants

=464.

https://doi.org/10.1371/journal.pone.0208910.9002
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Fig 3. Comparison of overall mean scores when retrospectively labelling individual sources of Environmental
Education (N = 464).

https:/doi.org/10.1371/journal.pone.0208910.9003

The main categories ‘education’ (C,, = 0.385, Nopserved = 2035 Nysor observed = 646, p < 0.001)
and ‘ecological aspects’ (C.opr = 0.201, Nopserved = 174, Nyot observed = 675, p < 0.001) produce a
significantly higher number of ‘Environmental Education’ statements in comparison to
fewer (unfulfilled) ‘Environmental Expectation’ statements. On the other hand, we
obtained fewer statements in the main categories ‘ecological problems’ (C,,,, = 0.334,
Nopserved = 104, Mot observed = 745, p < 0.001), ‘environmental behavior’ (C,,, = 0.357,
Dopserved = 675> Nyot observed = 782, p < 0.001) and ‘economical aspect’ (C,o,r = 0.237,

Dopserved = 41> Nyor observed = 808, p < 0.001) if compared with a higher ‘(unfulfilled) Envi-
ronmental Expectation’ based on our definition (Ce,,, limit 0.2 and a significant level of
0.001, see method).

Discussion
The ‘ecological’ dimension in ESD and EE

In 2015, 17 Sustainable Development Goals (SDGs) were formulated, including the basic ecol-
ogy of local and global ecosystems (e.g. 13 ‘climate change’, 14 ‘life below water’ or 15 ‘life on
land’) [59]. The roots of the definition of ‘ecology’-linking the biotic and abiotic world-go
back to Aristotle, Buffon, Wallace, Darwin or Haeckel [60]. For one in three participants, we
observed a minimum of one statement in the main category of ‘ecological aspects’ in EE, but
only for one in five in ESD. EE clearly contained more statements in the sub-categories of ‘hab-
itat’ and ‘ecosystem/environmental impacts’ than did ESD. In both EE and ESD, we observed
few statements concerning ‘animals’, ‘plants’ or ‘humans’. Within the ‘ecological’ category, we
combined statements about ‘climate change’, ‘environment pollution’ and ‘environment influ-
ences’ as sub-categories of the main category ‘ecological problems’. Less than 10% of
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participants mentioned one statement in EE, or in both EE and ESD, although e.g. ‘climate
change’ is one of the essential focuses in ESD [61] and-next to ‘micro plastic’ [62], hormones
in rivers and lakes’ [63] or ‘sunscreen particle’ in oceans [64]-the greatest threat to our envi-
ronment [65, 66].

The aspect of the ‘social’ dimension in ESD and EE

The ‘social” category-as an essential environmental issue-has commonly been recognized as
the weakest ‘pillar’ of sustainable development [13, 67]. We assigned for one in five
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81 81
o | o
< <
= QU =
= e d
Q Q
o 2
[ @
a Qg
=2 24
o = B
A B c D E G A B Cc D E F G
a INS scale b INS scale
Normal Q-Q Plot Normal Q-Q Plot

‘Sample Quantles

T T T T T T T T T T T . T T
3 2 t 0 ' 2 3 a 2 1 o 1 2 3
c d

Thearetical Quanties Theoretcal Quanties

Fig 6. Connectedness to nature: ‘human-perception’ (a, ¢) and ‘self-perception’ (b, d) including Q-Q plot graphics showing normally
distributed data based on the Likert scale.

https://doi.org/10.1371/journal.pone.0208910.9006
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participants a minimum of one statement to the main category of ‘social aspects” in ESD, and
for one in fourteen participants in EE. The effect size in the category ‘social’ is small, but was
perceived from freshmen stronger in ESD than in EE. This is quite in line with a recent study
with over 2400 Swedish students, where ESD was assigned an essential role in a more sustain-
able future [68]. Further, the ‘next generation aspect’, where we observed 23 statements, might
provide a first indication of more thoughtful behavior towards value-oriented decisions [27].
In a Brazilian study 68% of all participants were confused when they were asked questions
about their opinion of ESD, because in their past they were familiar only contact with EE. EE
already contains ‘social’ and ‘economical’ elements [69]. Other social issues like ‘employment’,
‘human rights’, ‘gender equity’, ‘peace’ or ‘human security’, although regarded as essential
[63], appeared neither in EE nor ESD in our sample.

The aspect of the ‘economical’ dimension in ESD and EE

Economic growth with all its effects on society and environment is expected to be a key con-
cept of ESD [69]. However, in our case one in five participants yielded a minimum of one
statement in the main category of ‘economical aspects’ in ESD. In contrast, only one in 34 par-
ticipants did so for EE. Similar to Manni and colleagues [70], we counted the word resources
in the various main categories 165 times in ESD and 65 times in EE. In our opinion, it makes a
difference whether the concept of ESD contains resources (as a single word, impersonal) or
‘conservation of resources and handling’ (personal). For example, the statement of one fresh-
man: ‘sparingly using resources and preserving the environment’ fits best to the main category
‘environmental attitudes’ (Table 1) following our definition (Table 2). Unfortunately, we
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cannot tell if this statement was made in reference to a social (e.g. next generation aspect), eco-
nomical (sparingly consume to save money) or ecological background (avoid products with
palm oil to protect rain forests). Within the main category of ‘environmental attitudes’, we
observed 70 statements in the EE subcategory of ‘appreciate/perceive/preserve the environ-
ment’ and only 18 statements in the same sub-category of ESD. The same applies to all the
other sub-categories within the main category of ‘environmental attitudes’ (‘awareness of/
responsibility for nature’, ‘to save resources’ and ‘environmental protection’). This shows a
countertrend to the definition of environment [2] as found in ESD. In conclusion, the concep-
tual patterns clearly do not follow the protocol of ‘economical’, ‘ecological’ and ‘social” aspects
as single dimensions of EE and ESD. On average, each participant mentioned statements of
only two out of seven main categories. Additionally, the results of the contingency analysis
revealed the frequency between the categories and their classification to EE and ESD based on
students’ perception. In conclusion we had a small effect size over all categories, which was
derivate from the categories of ‘social’ and ‘economical aspects’.

Environmental Education in relation to lifetime learning aspect and
connectedness to nature

Although the frequencies of conceptions differed, the most important source for EE is ‘family’.
Other studies have reported this for earlier age-groups: Eagles & Demare [71] reported for 6™-
graders that talking about the environment at home while watching nature films, and reading
about the environment were the most frequent sources of EE. ‘Family" is apparently also
important for the age group in our study and seems to be an imprinting factor on individuals’
attitudes towards and knowledge about EE. Pe’er and colleagues [72] described a significant
positive relationship between the mother’s education (as an indicator of socioeconomic status)
and a student’s environmental knowledge and attitudes. They assume that growing up in a
well-educated family supports more pro-environmental attitudes. Further, they found out that
well educated individuals had greater exposure to ecological ideas than less educated individu-
als. EE and/or ESD may need a long period—from early childhood throughout adolescence to
adulthood-to become established. In our sample, it is not clear which type of media contrib-
utes to most EE conceptions. Even eLearning tools such as HOBOS, is an outstanding means
of replacing direct experience of nature by observing beehives remotely [73]. Commercial
advertising (e.g. flyers and posters) and politics seem to play a very minor role in EE in our
sample. In conclusion, long-term sources such as family or school, including different kinds of
media (e.g., TV, journals and books), are perceived as the most important sources in EE (Fig
3). Connectedness to nature, as a common goal for ‘Environmental Education Programs’ in
schools [74], is expected to positively influence individual environmental behavior (e.g. [32]).
Our results (that younger students are more engaged than older ones) are in accordance with
the literature (e.g. [75]). In addition, differences appeared between an anthropocentric self-per-
ception view based on the Inclusion of Nature in Self (INS) scale (Fig 6A) and the overall view
of the relationship between humans and nature (Fig 6B).

Environmental Education (unfilled) expectations

Less than half of our participants replied to the open question concerning individual expecta-
tions of EE, although low scores were observed over all categories in general. Frequent catego-
ries like ‘ecological aspects’, ‘environment attitudes’ and ‘education’ were infrequent, while
other main categories such as ‘environmental behavior’, ‘economical aspects’ and ‘ecological
problems’ were observed more frequently. The frequent questions of freshmen about topics
like: ‘how to protect the environment’, ‘how to avoid waste’ or ‘how to encouraged learning
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ecologically sensitive behavior’ demonstrate, that the required environmental knowledge has
been conveyed insufficiently or not even at all at school for example. Nevertheless, individual
statements in relation to anthropocentric impacts such as ‘climate change’, ‘global warming’,
‘carbon dioxide emissions’ and other ‘harmful environmental influences’ in the main category
of ‘ecological problems’ occurred less frequently than expected, although topics like ‘climate
change’ (e.g. [61]), ‘micro plastic’ (e.g. [62]) or ‘hormones in rivers and lakes’ (e.g. [63]) have a
strong media presence. The most frequent observation in the main category of ‘ecological
behavior’” occurred in the sub-categories of nutrition consumptions (e.g. regional/seasonal,
alternative or genetically engineered foods). In the main category ‘economical aspects’ terms
like innovation and alternative energies’ were mentioned often. Additionally, the results of the
contingency analysis revealed the frequency between the categories and their classification to
EE and EE Expectation, based on students’ perception. In conclusion we had a small effect size
over all categories, which was derivate from the categories of ‘education’, ‘economical aspects’,
‘ecological aspects’, environmental behavior’ and ‘ecological problems’.

Conclusion

The sustainable aspect according to the Rio-conference [11] is in line with a newly observed
sub-category named ‘next generation’ and only included in ESD, which is considered as an
expansion of EE. Higher numbers of statements in the sub-categories of ‘avoiding waste’ and
‘alternative consumptions’ (e.g. regional/seasonal, alternative or genetically engineered foods)
arise from the category ‘environmental behavior’ in a clear development towards sustainability
in ESD. The term resources was observed more frequently in ESD, 165 times in contrast to 65
times in EE. It is pleasing that freshmen obviously wanted more information on topics like
‘renewable energies’ or ‘innovations’ in the category of ‘economical aspects’, presented as an
open question in (unfulfilled) EE expectations. This may show a general tendency towards eco-
nomic growth, although this topic was not included in questions about (unfulfilled) expecta-
tions in ESD. Derived from this example and others, we assume that the perceptions of
freshmen are composed of two coexisting approaches with overlapping conceptions in EE and
ESD. Based on the freshmen’s strong limited ecological conceptions about habitats and
humans, we counted fewer observations of these terms in ESD than in EE. In summary: fewer
concepts in the category ‘environmental attitudes’, may not be in line with the original defini-
tion of environment in EE [2] and suggest a trend away from the ecocentric view. This obser-
vation was confirmed by the results of the Inclusion of Nature in Self (INS) scale of
connectedness to nature, which showed that freshmen think of themselves as quite anthropo-
centric and yet are simultaneously convinced that an ecocentric world view is the ideal (Fig 6A
and 6B). Although general interest in ‘(unfulfilled) environmental expectation’ was low, the
highest rate was observed in the main category of ‘environmental problems’ including current
ecological problems like climate change. Retrospectively, family, school (especially teachers),
outreach and media seem to be the most important sources of EE in our sample: they are cru-
cial points of contact from early childhood to adulthood and help young people to become
responsible citizens.

Supporting information

S1 Dataset. Dataset of EE and ESD conceptions.
(XLSX)
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Abstract

The Global Earth Overshoot Day, the date when all annually available natural resources are
consumed, is set for July this year. For densely populated European countries like Germany
or Switzerland, that specific day is due even earlier (May). To overcome such an unsustain-
able lifestyle, immediate actions are required, which includes substantial educational efforts.
As the model of "Sustainable Development" is complex, appropriate pedagogical actions
need to support cognitive learning, critical thinking and behavioural actions. Knowledge
about individual conceptions in relation to the Environment, Nature and Ecological Foot-
prints contributes to pre-conditions to succeed. To what extent present teaching methods
influenced individual conceptions during the first UN-decade regarding those terms is illus-
trated by 464 Swiss-German university freshmen who participated in our paper-pencil test,
which is based on four open questions. The term of Environment was perceived as the sum
of biocentric, ecocentric and anthropocentric views. The participants often equated the term
to Nature and associated it with positive feelings or emotions. Therefore, calm, joy and aes-
thetic appreciation were predominantly named. Regardless of the concept, humans were
perceived as the Greatest Environmental Threat. In contrast, recommendations to reduce
Environmental Footprints regarding mobility & transport, waste avoidance and consumption
differ. Following a binary logistic regression analysis, the involvement of the Inclusion of Self
Scale (INS) was used as an explanatory variable to detect patterns of those conceptions.
Relating sustainable concepts, natural resources were frequently named exceeding saving
water and energy or other association dealt with second-hand issues or regional/ seasonal
usages. Such ideas are shaped by experiences and scientific expertise.

Introduction
Transformation into a sustainable future

First environmental movements date back to the early 1970s, when pesticides were spreading
uncontrollably around the globe. Habitats far away from any settlement, for instance, those of
penguins and seals, were found contaminated although no one would have suspected it. In
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consequence, Carson’s Silent Spring became one of the first publications to raise awareness of
environmental problems within the general public [1]. Fifty years later, young people still have
to demonstrate for saving the planet. Monitoring anthropocentric influences and overusing
natural resources is not unknown. The famous book Club of Rome-The Limits to Growth [2]
has already identified resources such as soil, air, water and genetic diversity as most vulnerable
[3]. The Brundtland-report [4] in the 1980s was an initial step to roadmap sustainability, urging
“to keep options open for future generations, the present generation must begin now, and
begin together, nationally and internationally”. All initiatives stressed the need for education
beyond cognitive levels, affecting attitude and behaviour levels which may lead to appropriate
action [5-9]. The Rio conference formulated Education for Sustainable Developments (ESD)
requesting re-orientation first within Agenda 21 [10] and second with Agenda 2030 [11]. The
three pillars: ecology, economy and social aspects are considered to impact individual aware-
ness to tackle the environmental crisis. Observing young people’s perceptions of environment,
nature, concern and willingness to act could help to understand our current development.
Education for Sustainable Development (ESD) requires general education, innovative focus of
learning (assessment, anticipatory and networked thinking), subjective experience (experience
of nature), understanding for coherences (economy, ecology and social aspect) and ethics
(understanding of values) that fosters environmental awareness and impacts environmental
behaviour [12,13].

Conceptions

Educational efforts are supposed to support thinking experiences, as learning processes are
characterised by personal experiences and scientific explanations [14]. According to Piaget, for
instance, individuals adapt their sum of knowledge during life, influenced by participation in
social activities [15]. Approaching (subjectification) develops individual perceptions whereas
withdrawing (professional objectivation) creates realities and perceptions [16]. Constructivism
is the theory of knowledge in which learners are identifying constructs from a subject [17].
Radical constructivism forms memories and imagination in minds. Imaginations are impor-
tant to interpreting individual surroundings of representation into individual world concep-
tions [18]. Relating to environmental issues, emotions and feelings (e.g. fears, joy) are
compulsory [19] e.g. for sensitive topics like climate change or biodiversity loss [20]. However,
besides scientific conceptions, alternative conceptions coexist (e.g. [21]). Educational back-
ground in this study was the most important determinant for increasing scientific knowledge
when 6" graders, 10" graders and freshmen were asked about the perception of tree assimila-
tion and wood synthesis (N = 885). Misconceptions in environmental education cause prob-
lems [22], especially if teachers are inexperienced or follow on their misconceptions [23].
Bonnett & Elliot [24] already pointed to a close relationship between natural environments
and human beings. Psychological factors may explain why some people are more motivated to
protect the environment [25] than others (e.g. intrinsic motivation to reduce consumption).
Opverall, several studies about teachers’ [26] and students’ conceptions point to complex pro-
cesses [27]. Studies about environment versus nature, emotional perceptions and sustainable
self-perceptions about environmental threats may help to reduce the footprint by detecting
respective interrelations [28].

Environmental ethic

The term environmental ethic, dating back to the 1970s, addresses aspects of environmental
crises (e.g. forest dieback, acid rain, air pollution). It is part of the ethic discipline of normative
appropriate and morally responsible interaction [29] with the natural world [3].

PLOS ONE | https://doi.org/10.1371/journal.pone.0234560 June 15, 2020 2/16



52

F.2 Teilstudie B

PLOS ONE

Conceptions of environment and nature

Environmental perception constructs an individual image of the world based on individual
imagination [30]. This concept, as defined by Uexkull [31], represents the exploration of living
organisms of the outer world (called physiological environment). Thus, bacteria, fungi and
other living organisms were neglected. Today, however, the term includes all living organisms
that are part of the biospheric ecosystem [32,33]. Therefore, it includes all biotic and abiotic
factors as well as the relationships between organisms. The fundamental question is, thereby,
whether nature’s value is dependent on humans or has its in-made value [3,34] since nature is
all that is not man-made. Two antagonistic views coexist:

i. anthropocentric refers to human-beings utilising resources such as water, soil and air [35].
Within this context, protecting the environment depends on humans’ benefits (e.g. protect-
ing honeybees for pollination and honey extraction), non-human organism or natural phe-
nomena are of instrumental or aesthetic value [36],

—
=

. physiocentric is a generic term for a pathocentric, biocentric and ecocentric focus that
humans have to respect. Pathocentric includes the ability to suffer (human and higher life
forms) whereas biocentric represents nature and all living organisms with intrinsic values
[37]. Two options are distinguished: egalitarian bio-centric ones, where all living organism
have the same value or hierarchically modularised values, where all living organism have
different values (scala naturae-from the bacterium to the human being). Ecocentric values
including all elements of nature (biotic and abiotic) are equally represented e.g. animal and
plant species, rivers or mountains, and even ecosystems according to Aldo Leopold and
Arne Neess [38]. Efforts to protect eco-systems are subsumed under holism.

The value of biodiversity displays how closely ethics and the environment are interrelated
[39]. Ecology simply provides the respective knowledge to understand the dynamics of biodi-
versity without necessarily including information about ethical values. In return, ethics is by
far too vast a topic to explain this value without ecological knowledge. It is, however, indis-
pensable to clarify responsibilities if the protection of pollinators is concerned. Observing dif-
ferent groups’ perceptions regarding the benefits and conservation of bees via semantic
differentials, beekeepers’ displayed the highest interest, followed by university students and
primary students [36]. Education is, thereby, the basis for attitudes/values and pro-environ-
mental behaviour [40]. This has recently been demonstrated while assessing tenth graders
(N = 275) regarding their perceptions of biodiversity [41]. Only one of three concepts was reg-
ularly identified (species diversity) whereas the others were only occasionally detected (genetic
diversity and ecosystem diversity). A biodiversity module (Future Forest) obtained long-term
knowledge gains by linking a citizen science project which aimed at engaging this cohort of
students (N = 205) in biodiversity-related subjects [42].

However, it is known from literature that the connectedness of nature level operates posi-
tively with environmental behaviour and values [43,44]. Surprisingly, there is a lack of studies
with young adults, which link concepts of the Environment or Nature linking to sustainable
aspects. Leisure activities lead to the destruction of and alienation from nature [45]. It prompts
lead open research questions regarding perceptions in comparison to the following.

Research goals

Our main research goal was (i) to monitor freshmen s conceptions about the environment;
(ii) what kind of emotions/feeling they have towards nature; (iii) which notions of the most
eminent environmental hazards exist and (iv) how freshmen present ideas to reduce their eco-
logical footprint.
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Methods
Ethics statement

According to the general ethical and scientific standards for research with humans, our paper-
pencil test was in line with all required standards (HRA, Article 51, paragraph 2). Data like
gender, age and study-status were recorded pseudo-anonymously.

Sample

Our study included 464 Swiss German university freshmen from a wide range of study pro-
grams (N = 464, M = 21.3, SD + 3.1, female = 66.5%). The Swiss population density is 216 peo-
ple per square meter in 2018 [46]. As our paper-pencil test was used for another recent study
[47], we compared both. We adapted the findings of the seven-point Likert scale (Inclusion of
Nature in Self (INS)-Scale ("A = very low” to “G = very strong”) [48], with two overlapping
circles labelled ‘self’ and ‘nature’ to show the relationship between the two of them.

Categorisation

After extracting the main categories by applying the qualitative content analysis of Mayring
[49], our study was based on four fields:

i. perceptions about environment, where we used 14 categories inductively that we separated
into three main categories: anthropocentric (“I live/surround me”, “anthropocentric influ-
ence”), biocentric (“animals”, | S i

, “plants”, “organism”, “environmental protection”, “human”)

and ecocentric (“abiotic”, “planet earth”, “ecosystem”, “habitat”, “interaction between

» « » «

organism”, “we live/surrounds us”, “nature”),

ii. emotions and feelings connected with nature, where we used 43 sub-categories inductively
concerning to ten main categories (“admiration”, “anger”, “anxiety”, “aesthetic apprecia-

»

tion”, “calmness”, “disgust”, “fear”, “joy”, “sadness” and “shame”) (Table 1),
iii. greatest environmental hazard, where we allocated 19 sub-categories and

iv. reducing the ecological footprint, where we allocated 21 sub-categories for five identical

main categories (“awareness”, “mobility & transport”, organism”, resource & consump-
tion” and “waste”) (Table 1).

To assess 2620 statements, 15% of all data were randomly selected after six months from the
first author (inter-rater reliability) and a second nonpartisan person (intra-rater reliability) to
test the quality (Table 2).

According to literature, Cohen’s kappa scored almost perfectly above 0.75 and substantial
above 0.60. The values of zero, a randomly correlation is assumed [50]. The resulting Cohen’s

kappa scores indicate an overall open questions a good level of agreement between the raters
(Table 2).

Data analyses

All statistical tests were analysed using R (The R Foundation for Statistical Computing for
Windows Version 3.6.0; www.r-project.org). To explore the general concepts, we applied
Ward.D2 hierarchical cluster analysis (package pvclust; for method, see [51]) based on multi-
scale bootstrap resampling. It provides p-values that in line with the data. Furthermore, we
used binary logistic regression analysis to examine the effects between the main categories
(observed = one, not observed = zero) following the categorical variables through the Inclusion
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Table 1. Coding guidelines for the main categories of freshmen s perception.

Categories of
conceptions

Definition

Examples

Anthropocentrism (a)

Humans being in the centre of their perspective on nature

Pollutant uptake, the environment that surrounds me

Biocentrism (a)

All living things, including plants and animals

Human, animal plant, organism

Ecocentrism (a, c)

Nature being in the centre and mean views are solely needs

Ecosystem, river, environment that surround us

Admiration (b)

The feeling or description of admiring something

Fascination (e.g. nature), respect (e.g. natural forces)

Anger (b) A strong feeling that makes you unpleasant because something frustration, brutality against nature
unfair happens
Anxiety (b) An uncomfortable feeling of worry about something that is not take care of nature, dependence

Aesthetic Appreciation
(b)

happening or might happen in the future

Include an aesthetic appreciation of the objects or powerfully
description based on nature for instance (= aesthetic emotion
meaning)

aesthetics, unspoiled landscape

Calmness (b) A peaceful, quiet or relaxed state without hurried movement or free, freedom, silence, relaxation
noise
Disgust (b) A strong feeling of disapproval and dislike against something, e.g. | disgust for animals, birds
an organism
Fear (b) An unpleasant emotion or thought that occurs when you are fear of the destruction, cryophobia, less food
frightened or worried.
Joy (b) A memory or thing that causes happiness or connectedness to hobby, time off, luck, satisfaction
nature
Sadness (b) A feeling of being sad or unhappy the destruction caused by human activities
Shame (b) An uncomfortable feeling of guilt feelings of guilt, charm

Awareness (c)

Knowledge or perception of a situation or fact

human interference (environmental hazard) versus conscious behaviour
(ecological footprint-reverse)

Resources &
Consumption (c)

Consumption behaviour of non-renewable, or less often,
renewable resources and consumption of goods

energy and water consumption, overproduction (environmental hazard)
versus preferring regional and seasonal products (ecological footprint-
reverse)

Mobility & Transport | Mobile transportation, used for transporting people or goods on | increasing mobility (environmental hazard) versus limiting mobility and
(c) land, especially on roads using alternatives e.g. public transport (ecological footprint-reverse)
Waste (c) End products, resulting from private households or industry plastic, waste (environmental hazard) versus avoidance of disposable

packaging (ecological footprint-reverse)

Freshmen perceptions based on open questions belonging to the categories for environmental ethics (a), emotions and feelings (b) and the greatest environmental hazard

relating to their ecological footprint (c) (retrieved and adapted from the Cambridge dictionary).

https://doi.org/10.1371/journal.pone.0234560.t001

of Nature in Self (INS)-Scale [48]. For the contingency analysis Cco,,, We set a limit of 0.2 and

a significance level of a. = 0.001.

Results

We formed all categories inductively from open questions (definitions, see Table 1). Some

examples are displayed in Table 3.

Table 2. Cohen’s kappa scores for inter- and intra-reliability.

Cohens-Cappa

Questions: | Interrater reliability | Intrarater reliability
(i) How do freshmen’s perceive their environment? 0.70 0,55

(ii) What kind of emotions/feelings do they connect with nature? 0.91 0.70

(iil) Which notions of the greatest environmental hazards do they 075 0.52

have?

(iv) How can freshmen reduce their ecological footprint? 0.67 0.61

https://doi.org/10.1371/journal.pone.0234560.t002
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Table 3. Categorisation examples from freshmen perceptions of the environment.

Main categories
ID Statements Anthroyho—centricl Biocentric® Ecocentric®
78 Everything that surrounds me': natulej as well as animal Zragd humans® 1 1 1
80 Everything that surrounds me' as a human? outside of my personality. friends’, family’, nature’ 1 1 1
88 | Abiotic’ and biotic® world, where I live' 1 1 1
253 Nature’, the world® in which we live® 0 0 1

https://doi.org/10.1371/journal.pone.0234560.t003

Environment

321 freshmen responded to the question of how they perceive the term environment: five of
one participant yielded perceptions of either anthropocentric, biocentric or ecocentric (see
methods). The conceptual patterns of 14 sub-categories do not follow a certain environmental
ethical view (anthropocentrism, biocentrism and ecocentrism, see method) as one branch [51]
(Fig 1). Students see themselves rather as a part of the environment (N = 128, sub-category
“we live/surround us”) in the centre of the environment (N = 45, “I live/surround me). Some
concepts were observed on one branch (e.g. animals and plants).

s
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Fig 1. Cluster dendrogram with p-values based on the freshmen’s perception of the environment. Numbers above the branches on the right: standard bootstrap p-
value and on the left illustrate approximately unbiased (AU) p-values (Clusters with AU > = 95% are indicated by the rectangles and are considered to be strongly
supported our data). Numbers in brackets below the categories are the observation of all participants.

https://doi.org/10.1371/journal.pone.0234560.9001
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emotions and feelings toward nature
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Fig 2. Reflection of freshmen (N = 402) perception following emotions and feelings.

https://doi.org/10.1371/journal.pone.0234560.g002

Emotions and feelings to nature

Freshmen (N = 402) associate emotions and feelings with nature as a variety of different percep-
tions belonging to ten categories (Fig 2). Nature was mainly connected to positive feelings and
emotions. The connectedness to nature as an explanatory variable explained no difference
between the categories of the three main observations (e.g. joy: Bintercep = -0.97, SD + 0.39, z-
value = -2. 52, p = 0.001, odds ratio = 0.93). Nature stands predominantly for human welfare
like freedom, silence and private activities outside. The negative trend was less evident (e.g.
sadness of the destruction of nature or disgust for particular species).

The relationship between nature and the self was analysed via the Inclusion of Nature in
Self scale (INS) in an earlier study of the same participants (M = 3.954, SD + 1.15) [47]. We
used those results in the following as the independent variable and the binary category as
depend variable. A binary logistic regression analysis [family = binomial ("logit")] delivered
different outcomes between the categories regarding perceptions of the biggest environment
hazard and reducing the ecological footprint (Table 4).

Environmental hazard versus ecological footprint

A qualitative content analysis categorised the students’ ideas about the environmental hazard
and reduction of their ecological footprint. We identified 1430 statements (M,nvironmental hazard
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Table 4. Binary logistic regression of coefficients regarding emotions.

Category Bintercept
Admiration 1.30

Joy 1.05
Aesthetic appreciation -0.97

efd = Odds ratio

https://doi.org/10.1371/journal.pone.0234560.t004

‘ SD ‘ z-value [ Pr(>lz|) ep
| +0.40 | 331 | >0.001 114
| 0.37 | -2.87 | >0.001 1.09
| £039 | 252 001 0.99

= 633, Necological footprint = 797), which form five main categories (definitions, see Table 1). A
contingency analysis showed a relationship of all categories between environmental hazards
and reducing their ecological footprint (C,,, = 0.54, n = 1430, p < 0.001). Perceptions of
reducing their ecological footprint are much higher of all categories in comparison to the per-
ception of the greatest environmental hazard. A second analysis, a hierarchical cluster analysis,
confirmed similarities that conceptions were not following the same clusters based on both
questions (Fig 3).

A binary logistic regression analysis [family = binomial ("logit")] delivered different out-
comes between the categories regarding perceptions of the biggest environment hazard and
reducing ecological footprint (Table 5).

For some categories, the variable INS displayed an approval if a concept was mentioned or
not. For the category resources & consumption, for example, more concepts were observed if
the INS level was higher on both open questions regarding environmental hazard and reduc-
ing ecological footprint (Fig 4A). In contrast, for the category of waste, less approval follows a
higher connectedness to nature level by the question of environmental hazard, whereas a more
approval follows a higher connectedness to nature level by the question of reducing ecological
footprint (Fig 4B).

Discussion

Environmental ethics aims at how humans think about their interaction with nature. It links
theory (e.g. knowledge) and practice (e.g. experience), which form life-long conceptions [17].
According to the literature, two antagonistic preferences prevail either to protect or to utilise
the environment [36,52,53]. In essence, two psychometric measurements were well established
in the 1990s to measure both. Whereas the New Environmental Paradigm (NEP) was developed
as a one-dimension scale for adults [54], the, Two Major Environmental Value Model (2-MEV)
assesses two higher-order factors (preservation, utilization and appreciation of nature) to iden-
tify both values for adults and adolescents [52,55]. We decided to integrate the measuring
instrument of the Inclusion of Nature in Self (INS) scale [56] as a reference-value for connected-
ness to nature. Concerning the freshmen’s perceptions of our previous study, which was based
on closed questions present a clear result: The connectedness to nature level [48] to out a ten-
dency towards an anthropocentric self-perception for all participants (M = 3.954, SD £ 1.15) in
comparison to a human-perception of an ecocentric worldview as ideal (M = 5.024, SD + 1.17)
[47]. We used this variable as a independent variable for binary logistic regression analysis. Dif-
ferences of observation were found between some categories of the greatest environmental haz-
ards and concept ideas of reducing the freshmen’s ecological footprint categories.

Environment and nature

For the environment, the overall conceptions display a range of scientific concepts including
human perception. This is not in line with a study of adolescents (13-14 years old), where no
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Fig 3. Cluster dendrogram with p-values based on the freshmen’s perception: (A) greatest environmental hazard (Npapicipans = 400) and (B) reducing ecological footprint
(Nparticipant's = 413). Numbers above the branches on the right: standard bootstrap p-value and on the left illustrate approximately unbiased (AU) p-values (Clusters with
AU > = 95% are indicated by the rectangles and are considered to be strongly supported our data). Numbers in brackets below the categories are the observation of all

participants.

https://doi.org/10.1371/journal.pone.0234560.g003

human dominance was observed [57]. Half of them followed the idea of nature, a finding that
other studies with adults confirmed [58,59]. According to literature, the environment was asso-
ciated in the 1990s with degradation [60] whereas in our study only a few conceptions con-
cerning anthropocentric influences (e.g. town) were observed. In contrast, nature is perceived
as almost entirely positive in itself, in the present and the past. Regarding the most observed
main categories concerning emotion/feelings toward nature, we identified three sub-categories:
calmness (N = 277), joy (N = 149) and aesthetic appreciation (N = 129). This stands for a good,
self-determined life, a symbol of nature as a good life and a place for relaxation [61]. Most
observations referred to freedom/free and silence. This is in line with more than thousands of
young people, who associated the concept of nature with peace, recreation, forest, beauty, ani-
mals and plants [62]. Nature, in general, is often accompanied by beautiful childhood memo-
ries [63]. How can we protect the environment when some concepts are missing or
misunderstood? Our study findings revealed little information about perceptions of animals,
plants, organism or humans. No conceptions relating to fungi, microorganisms or bacteria
were observed. Fewer findings referred to ecological threats and less interest (adapted from the
previous study [47]), detected by the same participants. Furthermore, it omitted that concep-
tions regarding the term environment by a view and self-interest regarding the subjective the-
ory. As already outlined, conceptions are perceived to depend on the topic. Values reflect
intrinsic motivation [64] to protect the environment. However, social desirability rises with
increasing age, which is confirmed by numerous studies (e.g. [65-67]). Several authors criticize
the shift toward sustainable development. Bonnet, for example, rejected the sustainable con-
cept of a human-related relationship with nature [57]. The Brundtland Report (known as Our
Common Future) fosters sustainability first [4], following the Rio Declaration of Agenda 2021
and 2030 [6,68]. An appropriate ecocentric education possibility is necessary because it
includes all lifeforms and ecosystems with its intrinsic value [69]. This is significant because
human welfare concerning ESD is positioned in the centre [70,71]. We concluded that is not
important whether perceptions of the environment are following just one ethical concept. It is
more important how many conceptions are available in accordance with a persons’ prevalent

Table 5. Binary logistic regression of coefficients regarding environmental hazard" and footprint®.

Category Bintercept SD | z-value Pr(>|z|) ‘ ep (INS)
Awareness’ -1.34 +0.40 -341 >0.001 ‘ 1.08
Awareness’ |1 +0.53 -3.28 >0.001 : 0.92
Mobility & transport' -0.50 +0.37 -1.35 0.177 : 0.93
Mobility & transport® -0.22 +0.34 -0.66 0.512 ‘ 1.06
Resources & consumption’ -1.31 +0.40 -3.31 >0.001 1.10
Resources & consumption” 0.03 +0.37 0.082 0.934 [ 1.21
Organism' |-0.11 +0.34 0.31 0754 0.99
Organism® -1.47 +0.49 -3.03 0.002 | 0.92
Waste" =1.37 +0.55 22.50 0.012 ‘ 0.81
Waste? -1.49 +0.39 -3.82 0.001 | 1.14

ef = Odds ratio

https://doi.org/10.1371/journal.pone.0234560.t005
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values-system. Here, we confirm self-interest regarding feelings and emotions. However, the
environment was under a wide range of humans as a part of it.

Environmental hazard versus ecological footprint perceptions

The Club of Rome became one of the first publications pointing at the limitations of sustain-
ability [2]. Further documents highlighted the planetary carrying capacity as affected by natu-
ral resources (soil, air, water and genetic diversity) [3]. Climate change, microplastic, light
pollution, species extinction-the list of problems that are endangering the nature and environ-
ment, seems endless. How do people perceive threats to the environment and in what sense
are humans willing to interact with nature? Concept ideas concerning the greatest environ-
mental hazards and perceptions to reduce freshmen’s’ ecological footprints were not perceived
equal. By using the connectedness to nature level as an explanatory variable, some categories
showed no effect, but others do. Almost two hundred freshmen perceptions referred to the
human as the greatest environmental hazard threat, independent of their declared value of
connectedness to nature. One of the greatest threats concerns the sub-category air and land
pollution (N = 112). The most important result regarding the ecological footprint was the
mean category resource and consumption. Many conceptions were found regarding saving
energy and water (N = 163), resources & consumption (e.g. fair trade, second hand and
regional/ seasonal) (N = 150) and food consumption (N = 107). Regional and seasonal compo-
nents seem to be the first step towards sustainability in the freshmen’s’ minds if they imple-
ment their concept idea in their daily life. According to various studies, humans work hard to
change their habits in general [72,73]. The following study about consumer perception, aware-
ness of meat production and consumer willingness of changing behaviour regarding sustain-
able protein consumption (alternatives, insects) was not received well [74]. Our present study
findings pointed to a variety of conceptions regarding the main category waste and mobility ¢
transport. One relevant sub-category refers to restrict mobility (N = 110) and car/aircraft/ship
(N = 111). Similarities follow using more public transport/riding a bicycle/carpool (N = 157),
which was not surprising if the university was in the city centre and parking lots possibilities
are rare and expensive. Based on the participants declare value of connectedness to nature, the
higher the INS was, the higher they scored in each of the three categories, which is waste,
mobility & transport and resources & consumption. Intervention in environmental studies have
shown that the effect of improving the connectedness to nature level contributes to an environ-
mentally friendly consumption behaviour [75]. A suggestion would be add a reliable psycho-
logical measuring instrument [76] to explore patterns in conception and behaviour equally. A
considerable proportion of variance is unpredictable (e.g. social desirability, self-interest) [77]
that we cannot exclude in our data.

Conclusion

Sustainable perceptions are present in freshmen minds after having completed primary and
secondary school within the past UN decade. As a result, half of all responses expressed ideas
of fair trade, second hand and regional/ seasonal products. A similar pattern applies to saving
energy and water resources. Alternatives to mobility and transport were often stated though
perceptions and conscious implementation of concept ideas still requires disentanglement.
General scientific concepts were present for the term environment (e.g. interaction between
organism or habitat), which integrated humans as a part of it and as one of the greatest envi-
ronmental hazards. The freshmen responses predominantly showed a self-perception as being
a part of the environment (we live/surround us) against a small group in the centre, (I live/sur-
round me). Many perceptions about the environment refer to nature associated with positive
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emotions and feelings (e.g. hobby, calmness, relaxation). However, ESD creates conceptions
aligned with danger and ideas for less exploitation of natural resources although concerning
human prosperity. Green educational initiatives have shown that individual behaviour can be
influenced positively in the course outreach modules, which has also been shown at the out-
reach facility Biosphere 2; there, students not only gained system knowledge based on an infor-
mal half-day educational program, the latter also induced changes in motivation or
fascination, which affect behaviour accordingly [78]. Furthermore, a classroom project dem-
onstrated that energy consumption can be reduced within a ten-week intervention based on a
daily routine to prompt environmentally friendly behaviour [79]. In this case, students who
demonstrate lower environmental behaviour scores increase their knowledge (action-related
and effectiveness knowledge) to the same level as those with higher scores. Future studies con-
cerning the ESD goals may need to focus on qualitative and quantitative conceptions and
improve educational interaction in general.

Supporting information
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Assessment of educational modules

Environmental literacy integrates the variables cognitive knowledge, environmental values and ecological be-
haviour. We used three factors in our study: the first includes item-sets monitoring system-, action-related and
effectiveness knowledge; the second examined the “Two Major Environmental Value model (2-MEV)“; and the
third analysed General Ecological Behaviour (GEB) via an established behaviour scale. All participants were
Greek sixth graders (N = 223, M = 11.7, SD + 1.3, 49.8 % = males). Results of the Confirmatory Factor
Analysis (CFA) indicated a linear relationship between environmental knowledge and values (¢ = 0.69,
p > .001), values and (reported) behaviour (¢ = 0.80, p > .001), as well as between environmental knowledge
and (reported) behaviour (¢ = 0.37, p = .001). We primarily used the theoretical environmental literacy model

to holistically evaluate environmental education instead of applying isolated sales.

1. Introduction

“Skills”, “environmental attitudes” and “environmental behaviour”
were integrated into formal and informal syllabi around the globe after
Rio (IUCN, 1970; UN (United Nation) (1992); UNESCO, 1972), trans-
forming Environmental Education “EE” into ‘Education for Sustainable
Development “ESD”. The original definition of EE refers to the fol-
lowing: environmental education is the process of recognising values
and clarifying concepts in order to develop skills and attitudes neces-
sary to understand and appreciate the interrelatedness among man, his
culture and his biophysical surroundings. Environmental education also
entails practice in decision-making and self-formulating of a code of
behaviour about issues concerning environmental quality (IUCN,
1970).

Following the UN Decade of Education for Sustainable Development
(2005-2014), the United Nations defined 17 Sustainable Development
Goals (SDGs) and 169 goals for all nations — not exclusively industrial
countries — in their Agenda 2030 (Rieckmann, 2017). The agenda
promotes sustainable development to protect the environment and to
save the planet. Modern education, therefore, is no longer restricted to
formal education in classroom settings. National parks, zoos and bota-
nical gardens have become popular outreach destinations. To assess the
impact of such initiatives, valid measuring instruments, evaluating
variables such as “attitudes”, “awareness”, or “ability”, are required.
There are numerous, individually or in combination, that test for factors

* Corresponding author.
E-mail address: Michaela.Maurer@uni-bayreuth.de (M. Maurer).

https://doi.org/10.1016/j.stueduc.2020.100863

like:

e environmental knowledge [e.g. Frick, Kaiser, & Wilson, 2004 —
knowledge types: system- (SYS), action-related (ACT) and effec-
tiveness knowledge (EFF)],

e attitudes/values e.g. New Environmental Paradigm (NEP) for adults
(Dunlap & Van Liere, 1978); Two Major Environmental Value model
(2-MEV) with its two higher order factors: Preservation (PRE), Uti-
lization (UTL) and Appreciation of Nature (APR) for adolescents’
(Bogner & Wiseman, 1999; Bogner, 2018) and

e environmental behaviour General Ecological Behaviour (GEB)
(Kaiser, Oerke, & Bogner, 2007).

Recently, (Geiger, Dombois, & Funke, 2018) have trialled all three
factors (“general environmental knowledge”, “NEP” and “GEB”) in one
study focusing on intercultural predictors. Not long ago, (Fah &
Sirisena, 2014) have analysed the relationship between the three fac-
tors using The Environmental Literacy Survey (ELS) measuring instru-
ment. The three factors were sub-categories of environmental literacy
regardless of any interventions. Fifteen knowledge items referring to
three different topics (scores: four = correct answer; zero = incorrect
answer) were used as well as 15 attitude items evaluated by means of a
5-point Likert scale and 15 behavioural items. We have analysed a
mutual interaction — comparison using the environmental literacy
model to assess environmental knowledge, values and, general
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SYS_6: Increasing demand for
meat of a growing population
reinforces the greenhouse
effect. Which animals are
responsible for the highest
methane production? a) fishes,
b) chicken, c) pigs or d) cows.

SYS_9: Carbon dioxide causes
problems, because... a) it
enhances the greenhouse
effect, b) it damages plants, c) it
destroys the ozone layer or d) it
irritates the skin.

SYS_18: Which of the following
electrical devices is the most
energy-consuming one in the
classroom? a) projector, b)
computer + screen, c)
interactive whiteboard or d) air
conditioning.

SYS_30: Which of the following
do not belong to the category
of renewable energies? a) solar
energy, b) fossil energy, c) wind
power or d) biomass.

ACT_2: Which of the following activities is most
energy-consuming in your everyday classroom? a) turn
off the lights during lunch-time, b) let the computer on
all day, although you use it only once a day, c) turn off
all devices during breaks between two school lessons
or d) disconnect the laptops from the power system
when the battery is fully charged.

ACT_11: How can you save energy most efficiently
while you are cooking? a) turn on the stove at the
lowest level, b) use a lid on your pot, c) turn on the
stove at the highest level or d) order food using a
delivery service.

ACT_13: To efficiently ventilate our classroom, we do
NOT waste energy if... a) we leave the windows fully
open for a long time to get fresh air in winter, b) we
constantly tip the windows, c) we leave the windows
open only for a short time or d) the windows closed
using air conditioning instead.

ACT_25: If you want to reduce your carbon dioxide
footprint, you will be... a) ...switching off all electrical
devices with your remote controller, b) ...not switching
off all your electrical devices, c) ...using a flip switch to
switch off of all electrical devices or d) ...switching off
your electrical devices without that there relay
function light.

EFF_15: How should buildings be painted in high
temperatures regions like in Italy to save energy? The
buildings should be... a) ...light colored to avoid
overheating in summer, b) ...itdoesn’t have any effect if
lightly or dark colored, c) ...dark colored to avoid
overheating in winter or d) ...dark colored to absorb
more heat from the sun.

EFF_16: Which is the environmentally most damaging
way to go into town with your friend?? a) by car with my
mother or father, b) using public transport, c) taking a
taxi or d) car sharing with my friends’ mother or father.

EFF_23: A 20 W energy-saving lamp has the same
effects as a 100 W light bulb. How many times does an
economy lamp with 1 kWh work? a) 20 times longer, b)
5 times longer, c) 200 times longer or d) both are
identical.

EFF_26: Which of these opportunities are suited to
improve thermal isolation of a school building? a) using
sun shades having constant shadowy places for learning
activities outside of the building, b) planting trees at
suitable places close to the school building c) planting a
hedge around the school building getting some shade
for the building or d) decorate the school areal around
the school building with some nice artworks.

Fig. 1. Person-Item Map of “environmental knowledge”. Black dots: knowledge items. Grey bars: estimated person composite distribution.

ecological behaviour (adjusted from (Roczen, Kaiser, & Bogner, 2014;
Bissinger & Bogner, 2016). Compared to Geiger et al. (2018), we linked
the above-mentioned variables, using our model to illustrate their
various correlations, and recorded them for others to use. The model
itself evaluates education programs like long-term interventions and,
accordingly, constitutes an innovative large-scale approach.

1.1. Environmental Literacy (EL) and competence
The term “literacy” etymologically derives from an 18™-century
word describing the general ability to read and write. Nowadays, lit-
eracy encompasses several fields of study such as science, politics and
journalism. In environmental education, literacy mostly occurs in
connection with the term Environmental Literacy (EL), which focuses
on four main aspects:

i “affect” (environmental sensitivity, attitudes and values) and

ii “behaviour” (personal investment, responsibility and active in-
volvement) (Roth, 1992; Scholz & Binder, 2011) as well as

iii “knowledge” (e.g. question about the relationship to environmental
behaviour) (Maloney & Ward, 1973) and

iv “skills” (e.g. derived from the Tbilisi document) (UNESCO UNEP,
1978).

Together, they represent the four cornerstones of EL (Roth, 1992)
and cover essential goals in science education, reaching beyond
common conceptions of scientific literacy (physical-/living- and earth
systems). To identify and measure scientific understanding, knowledge,
and abilities (using public transport instead of driving into the city
centre or buying local and seasonal instead of imported products)
(Ribes, 1990) is easier than to qualitatively assess abstract scientific
competency proficiency.

Proficiency competency in different areas like increase in knowl-
edge, communication, expert knowledge and evaluation is an essential
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part of education. Environmental knowledge, however, is not explicitly
mentioned although it also influences and forms the levels of profi-
ciency as well as personal attitudes (e.g. interest, responsibility, and
intention to act) towards the environment. Both factors are required to
assess environmentally responsible behaviour (Hollweg et al., 2011).
Since 2000, PISA (Programme for International Student Assessment) is
one way to evaluate students’ general competence on international le-
vels regarding “science literacy”, “maths literacy” and “reading lit-
eracy”. Participants, mostly 15-year old-pupils, received low scores in
science literacy across many European countries e.g. Greece, Italy and
Spain (Gurria, 2016). Tests like PISA primarily focus on assessing
general competency and basic understanding in the above-mentioned
areas, whereas the environment literacy model tests cognitive aspects of
environmental knowledge and additional factors including values and
(reported) behaviour.

1.2. Environmental knowledge

Environmental movements in the early 1970s raised the crucial
question among educators, sociologists and psychologists why knowl-
edge about environmental hazards alone does not affect environmental
action. Until today, this question has remained unanswered. Current
environmental problems are still largely ignored or not taken seriously
enough (e.g microplastic, Mintenig, Int-Veen, Loder, Primpke, &
Gerdts, 2017); light pollution, Davies, Duffy, Bennie, & Gaston, 2016;
species extinction, Valiente-Banuet et al., 2015), although initial en-
vironmental movements contributed to a broader public understanding
(Carson, 1962 - global ban of DDT). Therefore, it is necessary to know
what environmental knowledge actually is. Frick et al. (2004) dis-
covered different types of knowledge, which they named “factual
knowledge”, “action-related knowledge” and “effectiveness knowl-
edge”. Their relationship has recently been tested on a group of ado-
lescents using a competency model (Roczen et al.,, 2014). Factual
knowledge (SYS) refers to basic knowledge in terms of recognising
environmental problems e.g. those caused by humans (e.g. SYS_9 item of
our knowledge questionnaire: “Carbon dioxide causes problems, be-
cause... a) it enhances the greenhouse effect, b) it damages plants, c) it
destroys the ozone layer or d) it irritates the skin.”, Fig. 1). While factual
knowledge is not expected to influence behaviour (e.g. Grob, 1995;
Levy, Orion, & Leshem, 2018), action-related knowledge (e.g Diaz-
Siefer, Neaman, Salgado, Celis-Diez, & Otto, 2015) and effectiveness
knowledge do (Kim, Yun, Lee, & Ko, 2016). Thus, action-related
knowledge (ACT) refers to the ability to act pro-environmentally based
on environmental knowledge (Kaiser, 2003) e.g. ACT_11: “How can you
save energy most efficiently while you are cooking? a) turn on the stove at
the lowest level, b) use a lid on your pot, ¢) turn on the stove at the highest
level or d) order food using a delivery service.” (Fig. 1). Factual knowledge
and action-related knowledge were assumed to provide the basis for
effectiveness knowledge (EFF) (e.g. Frick et al., 2004), which includes
the ability to assess the potential of different behaviours to protect the
environment (Vicente-Molina, Fernandez-Sainz, & Izagirre-Olaizola,
2013). It is certainly more comfortable to take a taxi or to get a lift in
someone else’s car than to use public transport, e.g. EFF_16 item from
the questionnaire: “Which is the environmentally most damaging way to go
into town with your friend?? a) by car with my mother or father, b) using
public transport, c) taking a taxi or d) car sharing with my friends’ mother or
father.” (Fig. 1). Restrictions to mobility do not exclude choosing the
most ecologically sustainable way to get from one place to another.
Thus, additional variables should be included (e.g. Kaiser, Roczen, &
Bogner, 2008). Many researchers agree that different knowledge types
influence pro-environmental behaviour (Diaz-Siefer et al., 2015; Kaiser,
2003). Meinhold and Malkus (2005) revealed that environmental
knowledge played an important role in assessing the relationship be-
tween environmental attitudes and environmental behaviour. “Educa-
tion” as well as “social and cultural factors” may also contribute to pro-
environmental knowledge (Geiger et al., 2018; Kollmuss & Agyeman,
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2002; Levy et al., 2018; Meyer, 2015). Recently, Geiger, Geiger, and
Wilhelm (2019) outlined the importance of general knowledge com-
pared to environmental knowledge. Gardner and Stern (1996) de-
scribed knowledge as a necessary but not essential contributor.

1.3. Environmental values

Various attitude scales developed before the 1970s often lacked
reliability, validity, or replication studies (Dunlap & Jones, 2003). The
measuring instrument “New Ecological Paradigm (NEP)” (Dunlap &
Van Liere, 1978) was widely used to assess values in adults, whereas a
suitable instrument for adolescents was still lacking. In the early 1990s,
the “Two Environmental Value Model (2-MEV)” was developed to fill
this gap. It proposed two orthogonal factors: preservation (PRE) and
utilization (UTL) (Bogner & Wiseman, 1999) which were independently
confirmed at different times (e.g. Boeve-de Pauw & Van Petegem, 2011;
Borchers et al.,, 2014; Braun, Cottrell, & Diekers, 2018; Johnson &
Manoli, 2010; Milfont & Duckitt, 2004). PRE is more biocentric than
ecocentric as it encompasses not only environmental protection but also
appreciation for nature (Thompson & Barton, 1994). UTL has an an-
thropocentric focus describing humans who tend to exploit natural re-
sources (Wiseman & Bogner, 2003). The variant “appreciation” (APR)
has recently been added to 2-MEV (Bogner, 2018), confirmed by Manoli
and colleagues (Manoli, Johnson, Buxner, & Bogner, 2019). They dis-
covered positive correlations between APR and PRE, using only 20
items in their analysis. Moreover, they proved the NEP’s, the 2-MEV’s
and the APR’s reliability. Higher NEP scores correlate with 2-MEV’s
preservation dimensions whereas lower NEP scores correspond to UTL.

1.4. Environmental behaviour

“The ultimate aim of education is to shape human behaviour”
(Hungerford & Volk, 1990). There are numerous measuring scales but
hardly any reliably measure behaviour. An adequate and valid mea-
suring scale was, therefore, developed by Kaiser and colleagues (Kaiser
et al., 2007): the “General Ecological Behaviour (GEB)”. The scale
contains 40 items separated into six sub-scales: consumerism, energy,
mobility and transport, recycling, vicarious behaviour and waste
avoidance. The measuring instrument was adapted for adolescents
following Kaiser’s (1999) probabilistic measurement based on self-re-
port. Thereby, a person’s attitude is linked to their behaviour. This,
however, causes problems as environmentally friendly behaviour is not
automatically associated with environmental awareness: a person
might use a bike to stay healthy, to protect the environment, or simply
to save money. Diekmann and Franzen (1997) and Diekmann and
Preisendorfer (1992) developed similar sub-scales for consumer beha-
viour (“consumerism®, “waste behaviour”, “energy consumption “and
“traffic behaviour®). Generally, the ability to protect the environment
requires environmental knowledge (Hungerford & Volk, 1990). Nu-
merous studies linked behaviour to other variables such as knowledge
or attitude (e.g. Geiger et al., 2018), supplemented by individual sub-
jective norms (individual perception and social pressure extended by
related persons) and behavioural intentions (Ajzen, 2005).

1.5. Research goals

Our main aim was to apply “the competence model“, an extension of
the 2-MEV scale, adding GEB environmental knowledge items and an
appreciation measure. We had three objectives: (i) to observe the en-
vironmental knowledge items and the distribution of person parameters
along the latent dimension, (ii) to test the 2-MEV and APR scale and
(iii) to observe the relationship between the inserted value variable,
knowledge, and behaviour using a Confirmatory Factor Analysis (CFA).
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2. Method
2.1. Sample

Our study encompassed 223 Greek students from upper primary
classes (mainly sixth graders, M = 11.7, SD = 1.3, 49.8 % = male). We
measured students’ environmental literacy, before the GAIA (green
awareness in action) project group conducted educational interven-
tions. They are currently running a one-year program to test new
teaching approaches for sixth graders, which aim at informing students
about energy saving opportunities at school. Our paper and pencil
questionnaires assessed: (i) an individual item set of system- (SYS),
action-related (ACT) and effectiveness (EFF) knowledge, (ii) the 2-MEV
and APR scales (Bogner, 2018) and (iii) General Ecological Behaviour
(GEB) (Kaiser et al., 2007).

2.2. Instruments

(i) knowledge: to measure environmental knowledge, we adapted a
set of 30 multiple-choice questions (ten each: SYS, ACT and EFF,
one correct answer for each question), by focusing on issues of
“energy “(items below, see Fig. 1).

(ii) values: using a five-point Likert scale: “1 = strongly disagree”, “2
= disagree”, “3 = partially agree”, “4 = agree”, “5 = totally
agree”, we added 20 items of the 2-MEV and APR (items below, see
Table 1).

(iii) behaviour: using a five-point Likert-scale: “1 = never, 2 = seldom,
3 = sometimes, 4 = often, 5 = very often”, we added 40 items for
the GEB (examples, see Table 2).

Table 1

Factor loadings after analysis of 20 selected items for factors: preservation
(PRE), utilization (UTL) and appreciation (APR). Score loadings below 0.3 were
suppressed for reasons of simplicity.

components

APR  PRE UTL

APR_4: I take time to consciously smell flowers. ,720
APR_3: I deliberately take time to watch stars at night. ,706
APR_2: 1 take time to watch the clouds pass by. ,677
APR_1: I consciously watch or listen to birds. ,637
APR_15: Listening to the sounds of nature makes me relax. ,554
APR_7: 1 enjoy gardening. ,553
APR_5: I personally take care of plants. ,547
PRE_17: Humans don't have the right to change nature as ,558
they see fit.
PRE_11: Dirty industrial smoke from chimneys makes me ,539
angry.
PRE_9: Humankind will die out if we don't live in tune with ,529
nature.
PRE_6: I save water by taking a shower instead of a bath (in ;522
order to spare water).
PRE_10: Not only plants and animals of economic ,511 ,412
importance need to be protected.
PRE_19: Human beings are not more important than other ,491
creatures.
UTL_21: The quiet nature outdoors makes me anxious. -356 ,430
UTL_16: We don't need to set aside areas to protect -,525
endangered species.
UTL_12: Nature is always able to restore itself. ,635
UTL_14: Our planet has unlimited resources. D73
UTL_20: We need to clear forests in order to grow crops. ,559
UTL_18: People worry too much about pollution. ,481
UTL_8: We must build more roads so people can travel to the ,462
countryside.

N = 223.
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Table 2
Mean scores of two sub-scales (mobility and transport [M&T], recycling [R]) for
General Ecological Behaviour (GEB).

Item mean score
GEB_1: Iride a bicycle, take public transportation or walk to school. 2.9
[M&T]
GEB_4: 1 am driven around by car. [M&T] 3.9
GEB_10: For short distances (within 15 minutes), I walk or ride a 27
bike. [M&T]
GEB_8: 1 separate waste. [R] 3.8
GEB_14: 1 put empty batteries in the garbage. [R] 17
GEB_17: I collect and recycle used paper. [R] 3.6
GEB_20: I keep gift wrapping paper for reuse. [R] 2.8
GEB_27: I bring empty glass bottles to a recycling bin. [R] 3.8
GEB_40: For making notes, I take paper that is already used on one 3.9
side. [R]

5 Likert scale (1) never, (2) seldom, (3) sometimes, (4) often, (5) very often (N
= 223).

2.3. Statistical analysis

We conducted statistical tests using R (The R Foundation for
Statistical Computing for Windows; Version 3.5.1 for Windows; www.r-
project.org).

To assess our 30 knowledge items, a simple “Rasch-model” was
applied. A “Person Item Map” (package eRM, method see Mair,
Hatzinger, & Maier, 2009) indicated the location of knowledge items
parameters and distribution of person parameters on the latent di-
mension (Fig. 1).

We used box plots (Figs. 2 and 3 ) to display values (2-MEV and
APR: APR, PRE and UTL) and behaviour (GEB: mobility and transport,
recycling, energy, waste avoidance, consumerisms and vicarious be-
haviours). We examined the structure of values (Bogner, 2018) using a
factor analysis which was calculated in R combined with the respective
psych packages (Revelle, 2012) before conducting a principal compo-
nents’ analysis (PCA) and oblimin rotation. Sampling adequacy was
assessed using the Kaiser-Meyer-Olkin (KMO) test (> 0.6 for mod-
erate, > 0.7 intermediate, > 0.8 good or > 0.9 for very good) (Kaiser,
1974).

“Confirmatory Factor Analysis (CFA)” used a maximum likelihood
estimation (packages lavaan, method see Rosseel, 2012; packages sem-
Plot, Epskamp, Eskamp, & MplusAutomation, 2019) to examine factor
structures of knowledge, values (2-MEV and APR) and behaviour
(GEB). Our model contains three factors: (i) knowledge (including sub-
scales: SYS, ACT, EFF), (ii) values based on 2-MEV and APR (including
sub-scales: APR, PRE, UTL) and (iii) behaviour based on GEB (including
sub-scales: mobility and transport, recycling, energy, waste avoidance,
consumerism and vicarious behaviours). We calculated participants’
mean scores for each sub-scale. Chi-square, was used to assess

mean-scores
3

PRE APR UTL

Fig. 2. Box and whiskers plot (n = 223) of mean scores for preservation (PRE),
appreciation (APR) and utilization (UTL) of the 2-MEV and APR scale (Bogner,
2018).
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mean-scores
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vicarious
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waste
avoidance
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Fig. 3. Box and whiskers plot reflecting mean scores for GEB sub-scales (Kaiser et al., 2007): mobility and transport, recycling, energy, waste avoidance, consumerism

and vicarious behaviours.
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Fig. 4. Path analysis of pro-environmental competence for knowledge as well as value-related and behavioural levels in adolescents (N = 223). Arrows represent the
standardised latent variable between levels and respective sub-scales. Dashed arrows indicate covariance’s between those levels.

acceptability (RMSEA < .08, SRMR < .08 and CFI = .90 (e.g. Browne &
Cudeck, 1993; Hooper, Coughlan, & Mullen, 2008). The CFA is based on
mean scores. The relationship between the latent factors “¢” [environ-
mental knowledge, values and (reported) behaviour] was measured via
observed variables (e.g. Eyaes = APR + PRE + UTL), which are
summarised in Fig. 4.

3. Results
3.1. Knowledge

To test our knowledge scale’s quality, we applied a simple “Rasch-
model” to three different knowledge types (30 items): system- (SYS),
action-related (ACT) and effectiveness knowledge (EFF). All environ-
mental knowledge items are within acceptable range of the weighted fit
mean square (WMNSQ) between 0.80 and 1.20 for multiple-choice tests
(0.84 = wMNSQ 1.10 <) (Bond & Fox, 2001; Boone, Staver, & Yale,

2013). The histogram shows a broad distribution of person parameters
and the bars placed below reflect the complexity of item formation. All
30 knowledge items are levelled, ranging from “fairly easy” (-3) on the
left to “more difficult” (+2) on the right side of the latent dimension
(Fig. 1).

The structural equation model (SEM) displays correlations between
knowledge types: SYS and ACT (r = 0.313, p > .001), SYS and EFF (r =
292, p > 0.001) as well as ACT and EFF (r = 0.320, p > .001).

3.2. Environmental values

The MEV sub-scales show mean scores for preservation (PRE) M =
3.87, SD = =+ 0.71; appreciation (APR) M = 3.36, SD = =+ 0.79 and
utilization (UTL) M = 2.58, SD + 0.68 including all participants.
Thus, PRE and APR, in contrast to UTL scores, range above average
(Fig. 2). Preservation (PRE) shows a clear asymmetry to the right
whereas appreciation (APR) only indicates a slight asymmetry to the
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right. Males and females do not differ significantly (less than 0.2).

Kaiser-Meyer-Olkin (KMO) (Kaiser, 1974) values for 2 MEV and
APR were 0.8 and are, thus acceptable for factor analysis. A principal
component analysis (PCA) 2 MEV’s and APR’s 20 items with Bogner
(Bogner, 2018) (Table 1) revealed a three factor structure for PRE, APR
and UTL. One item, however, showed unexpected factor loadings
within two contrary factors: PRE and UTL (PRE_10). Cronbach’s alpha
= .78 for APR (Djtems = 6), alpha = .57 for PRE (nyems = 7) and alpha
= 0.59 for UTL (nyems = 7) values were adequate.

Structural equation modelling (SEM) reveals correlations between
APR and PRE (r = 0.354, p > .001) as well as between PRE and UTL (r
= -0.185, p = .006). Correlations were observed between the factors
“values” and “knowledge” (for APR: with ACT; for PRE: with SYS, ACT
and EFF; for UTL: negative with SYS, ACT and EFF).

3.3. Environmental behaviour (GEB)

All six GEB sub-scales’ (Kaiser et al., 2007) mean scores for con-
sumerism (M = 3.45, SD = * 0.58), energy (M = 3.64, SD = * 0.64),
mobility and transport (M = 2.89, SD = = 0.96), recycling (M = 3.72,
SD = =+ 0.76), vicarious behaviour (M = 2.87, SD = + 0.68) and waste
avoidance (M = 3.18, SD = * 0.59) (Fig. 3).

Within each sub-scale, some items indicate environmentally friendly
behaviour if “never” or “seldom” was selected (like GEB_4). Other items
indicate environmentally damaging behaviour if participants selected
“often” or “very often” (like GEB_10) in e.g. the sub-category “mobility
and transport”. In sub-scales like “recycling” it would, however, in-
dicate environmentally friendly behaviour (Table 2). For such “en-
vironmentally unfriendly items” (e.g GEB_10, GEB_14, Table 2), we
used reverse scores for statistical analysis.

Cronbach’s alpha values were o = .70 for “vicarious behaviour”
(Npems = 9), @ = .57 for “recycling” (Nyems = 6), and a = .53 for
“consumerism” (Nyems = 8) in contrast to alpha values of a = .47 for
“waste avoidance” (nNyems = 8), @ = .36 for “mobility & transport”
(Npems = 3) and a = 0.33 for “energy” (Nyems = 6).

Structural equation modelling (SEM) yielded correlations between
“behaviour” sub- scales (consumerism, energy, mobility and transport,
recycling, vicarious behaviour and waste avoidance): e.g “vicarious
behaviour” and “recycling” (r = 0.37, p > 0.001), “energy” and “waste
avoidance” (r = 0.27, p > 0.001), “vicarious behaviour” and “con-
sumerism” (r = 0.26, p > 0.001). Between “behaviour” and “values” as
well as “knowledge”, correlations between the sub- scales: e.g. effec-
tiveness knowledge and “energy” (r = 0.36, p > 0.001), “appreciation”
and “vicarious behaviour” (r = 0.42, p > 0.001) were detected. To
consider each individual sub-scale in relation to other relevant sub-
scales via regression analysis, many connections of variable importance
were identified. Appreciation (APR), for instance, contains all (re-
ported) behaviour sub-scales except for mobility and transport.
Between APR and environmental knowledge, we observed only one
connection to action-related knowledge.

Confirmatory analysis (CFA) showed positive correlations between
three factors: (i) environmental knowledge and values (¢ = 0.685,
p > 0.001), (ii) environmental values and behaviour (¢ = 0.802,
p > 0.001) and (iii) environmental knowledge and behaviour (¢ =
0.370, p > 0.001) (Fig. 4). Each factor sub-scale’s load differs.

We evaluated model fit via chi-square: 117.288 (p > 0.001), RMSEA
= 0.076 (p = .010), SRMR = 0.069 and CFI = 0.873 (e.g. Beauducel &
Wittmann, 2005; Browne & Cudeck, 1993).

In contrast to (reported) behaviour (t = 1.586, df = 110,p = .124),
participants’ median split (Npigh-achievers = 110, Miow-achievers = 110) dis-
played significant differences in environmental knowledge (t = 51.589,
df = 110, p < .001) and values (t = 4.219, df = 110, p < .001). Across
all three environmental knowledge types, high achievers attained
higher scores than low achievers (SYS: Muigh-achievers = 0.57, Miow-achie-
vers = 0.33, t = 14.143, df = 110, p < 0.001; ACT: Myigh achievers =
0.58, Miow.achievers = 0-42, t = 10.923, df = 110, p < 0.001; EFF: My,
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achievers = 0.66, Miow-achievers = 0.45, t = 12.066, df = 110, p < 0.001).
For values, we discovered two significant differences between PRE
(Mhigh-achievers = 4.09, Migw-achievers = 3.67, t = 5.025, df = 110,
p < 0.001) and UTL (Mhigh-achievers = 2.35, Miow-achievers = 2.82, t =
-5.544, df = 110, p < 0.001).

4. Discussion

Numerous studies have proven that knowledge, attitude, behaviour
and other variables are influenced or changed through specific inter-
ventions in formal and informal education (e.g. outreach activity) (e.g.
Azeiteiro, Bacelar-Nicolau, Caetano, & Caeiro, 2015; Braun et al., 2018;
Fancovicovd & Prokop, 2011). We were interested in the factors’ con-
nectedness and their causal relationship with different sub-scales. Ad-
ditionally, we assessed differences between low- and high achievers. In
terms of environmental literacy and competence, our model covers (i)
affect (using the example of 2-MEV and APR), (ii) behaviour (using the
example of GEB) and (iii) cognitive knowledge (not conceptions).

4.1. Knowledge

As observed (Fig. 1), our knowledge scale displays a broad range of
knowledge types: factual knowledge (SYS), action-related knowledge
(ACT), and effectiveness knowledge (EFF) including the respective le-
vels. Most items were neither too easy nor too difficult for our parti-
cipants to answer and, thus, serve our model’s purpose. There were only
few outliers in our sample (e.g. too easy: ACT_1, 12 and EFF_4 or dif-
ficult: EFF_15, ACT_10 and SYS_25) that we did not delete for analysis.
Some authors, however, are critical of specific environmental knowl-
edge types (Geiger et al., 2019), as they lack replication. We partly
understand their concerns as knowledge items are mostly tailored to
individual target groups and topics e.g. “energy” (in our case). Knowl-
edge constitutes the basis of many interventions (e.g. Diaz-Siefer et al.,
2015; Otto & Pensini, 2017) which is why our model examines different
knowledge types and their manifold values’ sub-scales. As it also in-
cludes (reported) behaviour our model is suited for evaluating long
term interventions, like eco-schools and green-school projects. Between
high-achievers and low-achievers, we discovered significant values for
all three knowledge types: system-related knowledge (Mpgh-achicvers =
0.57, Miow-achievers = 0.33, p = > 0.001), action-related knowledge
(Mpigh-achievers = 0.58, Miow.achievers = 0.42, p = > 0.001) and effec-
tiveness knowledge (Mhigh-achievers = 0.66, Miow.achievers = 0.45, p
= > 0.001).

4.2. Values

Measuring environmental attitudes ignited intense discussion with
disappointing results: (Leeming, William, Porter, & Cobern, 1993) de-
monstrated in a meta-analysis that approaches to measure environ-
mental attitudes may prove unsuccessful due to experimenting design,
data analysis errors or inadequate psychometrics. Unfortunately, in our
case, this applies to item_10 (“Not only plants and animals of economic
importance need to be protected”, Table 1) which showed substantial
cross-loadings due to translation errors. Kibbe and colleagues have
proven that rephrasing PRE-items produced negatively phrased UTL
meanings and vice-versa (Kibbe, Bogner, & Kaiser, 2014). Although
some studies contradict interconnectedness between environmental
attitudes and environmental knowledge (e.g. Lieflinder & Bogner,
2018) or, at best, show limited correlations (e.g. Boeve-de Pauw & Van
Petegem, 2011), our analysis discovered such links (Fig. 4). Kaiser et al.
(2008) emphasised the positive relationship between PRE, appreciative
UTL and nature. Brick and Lewis (2014) confirmed that environmental
attitudes may predict environmental behaviour, an essential goal of
ESD (Environmental for Sustainable Development) (UNESCO, 2007;
2017). In contrast to the NEP’s one-dimensional scale, the 2-MEV and
APR consist of multiple sub-scales: appreciation, preservation and



72

F.3 Teilstudie C

M. Maurer and F.X. Bogner

utilization, which are suited for a more precise analysis. Additionally,
while comparing values of low- and high achievers, we discovered that
high achievers receive higher scores for preservation (Mnigh-achievers =
4.09, Miow-achievers = 3.67, p = > 0.001) and lower scores for utilization
than low-achievers (Mhigh-achievers = 2.35, Miow-achievers 282, p
= > 0.001). Thus, high-achievers tend to be more environmentally
friendly than low achievers (in this case). There is, however, no sig-
nificant gender effect in contrast to studies of e.g. Boeve-de Pauw,
Jacobs, & Van Petegem, 2014.

4.3. Behaviour

“General Ecological Behaviour (GEB)”, an established measuring
instrument with six sub-scales assessing ecological behaviour (mobility
and transport, recycling, energy, waste avoidance, consumerisms and
vicarious behaviours) (Kaiser et al., 2007) was extended to include
sustainability goals. Several studies have shown that attitudes/values
may predict behaviour and vice versa (Kaiser, Hiibner, & Bogner, 2005).
In our model, we identified several correlations between sub-categories
of environmental knowledge, environmental values and (reported) be-
haviour. However, we do not list all. Co-variances of environmental
values are higher for (reported) behaviour (r = 0.802, p > 0.001) than
for environmental knowledge (r = 0.685, p > 0.001). Focussing on
(reported) behaviour and environmental values, we observed the
highest significant correlation for value sub-categories: (i) appreciation
(APR) and vicarious behaviour (Std.all = 0.415, p = 0.000), (ii) pre-
servation (PRE) and consumerism (Std.all = 0.262, p = 0.000) and (iii)
utilization (UTL) and energy (Std.all = - 0.178, p = 0.009). Interac-
tions between several categories, not just a single one, and different
weightings (the highest variable is recycling, whereas the lowest vari-
able is mobility and transport — Fig. 4) may explain relationships be-
tween values and (reported) behaviour. The sub-category “mobility and
transport” scored lowest for levels of (reported) behaviour. We suggest
that such levels may be owed to our participating sixth graders’ deci-
sion-making influenced by their parents’ decision. Additionally, most
pupils lived in town and had to commute to our target schools, which
were in remote areas and difficult to reach by public transportation.
Each factor sub-scale of environmental knowledge has similar loadings
compared to (reported) behaviour. Co-variances of environmental
knowledge are higher in contrast to environmental values (r = 0.685,
p > 0.001) and (reported) behaviour (r = 0.370, p > 0.001). For data
considering (reported) behaviour and environmental knowledge, we
observed the highest significant correlations for all three sub-categories
of environmental knowledge between (i) system knowledge and energy
(Std. all = 0.192, p = 0.005), (ii) action- related knowledge and re-
cycling (Std.all = 0.1742, p = 0.010) and (iii) effectiveness-related
knowledge and recycling (Std.all = 0.144, p = 0.033).

4.4. Limitation

For reasons of comparability, we have limited the sample to those
students’ who filled in all three parts of the paper and pencil ques-
tionnaires. A Rasch analysis was applied to all environmental knowl-
edge items as a whole, not separately for all three dimensions. Our
results are exemplary for one selected target group, that is, sixth graders
from a South-Eastern European country. Furthermore, path analysis
represents a total value of overall participants. In the next step, re-
sulting profiles of an intervention will help to analyse different groups
for different recommendations. According to literature, there are var-
iances between different class levels or school types regarding the im-
plementation. Further studies would need to show similarities or dif-
ferences of the model.

4.5. Environmental Literacy model and conclusion

The “Environmental Literacy Model” encompasses three levels:
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cognitive knowledge types, values, and individual behaviour. Thus, it
provides a valid framework to assess formal and informal education
initiatives in the future. Path analysis showed that (reported) behaviour
is more closely related to environmental values than to environmental
knowledge. Knowledge, on the other hand, is considered to be the basis
of values (Roczen et al., 2014) as its correlation with values is higher
than to (reported) behaviour (Fig. 4). This is in line with literature since
e.g. knowledge has a positive effect on attitudes/values and (reported)
behaviour (Duerden & Wit, 2010; Falk & Balling, 1982). In contrast to
structural equation analysis’ (SEM) results, Lay & Anuthra (2014)
identified only one correlation between attitudes and behaviour, sug-
gesting more advance statistical analysis such as SEM to reflect EE
programmes. The model offers possibilities to observe changes across
different factors (environmental knowledge, values and (reported) be-
haviour) and their sub-categories, but it does not explain individual
items. Our calculations with mean score levels do not offer such dis-
tinctions. Results of this study are only valid for this model and reflect a
representative cross section of the population in a south-eastern Eur-
opean country. To apply the model to a new target group or content,
environmental knowledge should be redesigned and re-examined (e.g.
Rasch analysis) as it is unique for each intervention regarding the two
factors values and (reported) behaviour. An appropriate sample size is
required to perform a path analysis. We have calculated the Con-
firmatory Factor Analysis at mean score level which is why we cannot
make any statements about individual items of each factor level. It is
possible to extend the model with other factors like “emotions” [e.g.
“Science Motivation Questionnaire (SMQ)” (Glynn, Taasoobshirazi, &
Brickman, 2009)] or “motivation” [e.g. “The Motivation Toward the
Environment Scale (MTE)” (Boeve-de Pauw & Van Petegem, 2017;
Pelletier, Tuson, Green-Demers, Noels, & Beaton, 1998)]. This example
has been already tested in environmental education.

As an after-school initiative for one year, the GAIA project appears
to be an excellent opportunity to assess variables such as knowledge,
values and /or individual behavioural regarding energy consumption
and sustainability awareness in a pre-post design. In the end, children
might actually learn how to save energy effectively.
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Abstract: Affordable, reliable, sustainable and modern energy consumption is a crucial goal of the
Agenda 2030. To raise each citizen’s awareness for more effective energy consumptions, proper
education is necessary. The classroom project GAIA (Green Awareness in Action) was designed
to change energy consumption patterns to pursue green behaviour. The class-wise aim was to
improve schools” CO,-balance and to promote environmentally sustainable behaviour without
impacting school life quality. Our target group were sixth graders (N = 132, M = 11.03, SD + 0.23,
53.4% = girls) of one Greek school. To monitor the project’s effect, a pre- and post-test design was
applied to measure environmental literacy regarding environmental knowledge, attitudes/values and
behaviour. A regression analysis revealed that students with poor previous knowledge reached higher
learning effects compared to those with good previous knowledge. Related to the environmental
knowledge types, an ANCOVA analysis revealed a knowledge gain in action-related and effectiveness
knowledge. The overall learning effect correlates positively with pro-environmental preference
(high scores in preservation, low scores in utilisation) and negatively with weak pro-environmental
preferences. Anthropocentric (utilitarian) preferences primarily focussing on nature exploitation have
considerably decreased. The project illustrates how far individual behaviour can be targeted in green
educational initiatives.

Keywords: Environmental Education (EE); Education for Sustainable Development (ESD); environmental
knowledge types and values; Environmental Literacy (EL); moderated regression; sustainability

1. Introduction

1.1. Green Educational Initiatives

Conferences in Stockholm [1] and Rio de Janeiro [2] strongly recommended that conservation efforts
should integrate cognitive, affective and psychometric aspects in formal and informal settings [3].
Developing Agenda 21, Environmental Education (EE) was formally turned into Education for
Sustainable Development (ESD) retaining its initial aim to support environmental protection. ESD
comprises three components: environmental, economic and social sustainability (three-pillar model of
sustainability) [4], raising awareness for worldwide sustainability with respect to present and future
generations [5,6]. In 2015, the United Nations updated the Agenda 2030’s expectations, including peace
and international cooperation with all nations [7]. The Foundation for Environmental Education (FEE),
a non-governmental, non-profit organisation founded in 1981, promotes educational programmes for
young people who approach an environmentally sustainable lifestyle. Its programmes comprise Blue

Sustainability 2020, 12, 955; doi:10.3390/su12030955 www.mdpi.com/journal/sustainability
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Flag, Eco-Schools, Learning about Forests (LEAF), Young Reporters for the Environment and Green
Key, although the latter does not include in-class teaching. Eco-schools are the most popular among all
programs, acting at a global level with an action-based learning plan. Today, over 59,000 schools in 68
countries are taking part [8]. Current topics are water, waste avoidance, saving energy, biodiversity,
transport as well as sustainable mobility, health, noise and climate change.

Green education initiatives are also offered outside FEE for conventional schools in formal and
informal education contexts for half a day or even several days long settings. Some schools additionally
work together with organizations. This raises the question of the extent to which green education
initiatives actually contribute to environmental awareness regarding EE or ESD. Thus, there should be
room for discussing such green education initiative” applications. A valid and reliable psychometric
measuring instrument could point out some benefits.

Various conferences and agreements of global and historical relevance [1,2] have the common goal
to raise citizens’ awareness for a more conscious handling of problems associated with environmental
and natural resources. Environmental awareness comprises three components: environmental
knowledge, values and behaviour. Usually, the examination of knowledge, attitude, behaviour
components and other variables are compared using psychometric measuring instruments to assess
if they are influenced by such green educational initiatives. When applying bioenergy-modules [9],
for example, 10th graders revealed a knowledge gain after a half-day long intervention. That gain,
in turn, depended on (reported) behaviour and desirable attitude-set preferences (preservation and
utilisation). Knowledge gains for girls were positively correlated with preservation and (reported)
behaviour scores, whereas for boys there were only positive correlations with low utilisation’s scores.
Another intervention using a climate change module has shown significant short-term and long-term
knowledge gain for 10th graders, while connectedness with nature and environmental attitude-sets
played a substantial role for that gain [10,11]. A one-week environmental education outreach program
on water issues reported similar changes regarding environmental knowledge and values for fourth
and sixth graders [12].

GAIA (Green Awareness in Action) was a related green education initiative realised as part of a
European research project on achieving behavioural changes for sustainability and energy awareness
in schools. At one particular school in Greece, GAIA initiatives promoted problem-based learning,
case-based teaching and discovery learning to increase sustainable behaviour of sixth-graders. Our
analysis of this intervention included the sub-scale ‘energy” which enabled us to detect changes
in behaviour and to apply behaviour as a moderator of other variables (e.g., values). A first pilot
testing [13] revealed close links between environmental behaviour and values. For environmental
behaviour and environmental knowledge, there were only weak correlations. Taking cooperative
action to change schools” energy consumption patterns was the key role of the intervention explained
in the following.

1.2. Green Awareness in Action (GAIA) Intervention

The GAIA project, which was carried out by a multidisciplinary consortium consisting of nine
partners from five European countries, involved in-class activities to foster sustainability awareness
and energy saving. The major aim was to help students understand the impact of individual
energy consumption and to promote changes in their habits. Deploying an Internet of Things (IoT)
infrastructure in the participating schools, the project gathered data of energy consumption and
sustainable infrastructure of classrooms. The GAIA Internet of Things (IoT) platform combines sensing,
web-based tools and gamification elements, allowing the educational community to work with data
produced by school buildings (e.g., temperature, relative humidity, illuminance, motion detection,
noise level, electrical power consumption). The IoT installation in each school consists of a multitude
of IoT nodes (sensors and meters) communicating with cloud-based services via gateway devices [14].
Access to this data, combined with tailor-made educational methods (e.g., computer-based learning, ta
1a), tools and materials enabled school communities to monitor energy efficiency results.
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The overall learning aims of GAIA, using the project’s developed infrastructure and methodologies,
were: (i) to raise awareness regarding the need to save energy and possibilities to implement
energy-saving methods in everyday school life (students, educators, other staff) and wider communities
(families, local communities); and (ii) to encourage environmentally-friendly behaviour, which can
contribute to increased energy efficiency. The project was designed and implemented as an educational
initiative beyond merely informing about energy efficiency, and involved students, teachers, and
building managers in monitoring and reducing energy consumption in schools. Thereby, all decisions
based on their previously set goals were not forcefully implemented, but carried out voluntarily.
Everyone was encouraged to experiment with and adopt behaviours that proved effective.

The GAIA project was considered to stimulate three actions. First, to understand and monitor
their own and others’ behaviours affecting energy consumption in their school building; second, based
on this, to make informed decisions and take action to increase energy efficiency; and third, to observe
and analyse the impact of their actions on energy consumption and their effect on comfort, functionality
and smooth functioning of school life.

GAIA initiatives were realized in 25 schools in Greece, Italy and Sweden. Our study focuses
on the activities realized in the seven classes of the sixth grade (11-year-old students) of one of the
participating Greek schools, in the greater area of Athens, led by the environmental education teacher.

Subjects were sixth graders (N = 132 students) who attended learning activities embedded in their
regular environmental education course, for about 19 teaching hours over a period of 10 weeks in the
first term of school year 2018-2019. Through observation, simple calculations and accessing as well
as interpreting data provided by the GAIA infrastructure, they systematically monitored their use of
electricity in the classroom. In consequence, students analysed how energy consumption changed
throughout a fixed time slot and how it differed among classrooms (Figure 1b). After having discussed
their data and shared decisions, they reconsidered their use of electric lightning (e.g., switching it off
during daytime or when leaving the classroom). In addition, the building’s orientation was taken into
account to use daylight as effectively as possible. At the end of the week, students reduced their overall
energy consumption by 50% and shared their success with the rest of the school community (Figure 1c).
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Figure 1. Green Awareness in Action (GAIA) progression: (a) knowledge generates awareness (e.g.,
through an independent tutorial program [15]), (b) action regarding observation of energy consumption
and light intensity, including aberrations related to classroom conditions, and (c) engagement via
hands-on in-class activities and sharing ideas. Diagrams and pictures are offered by the GAIA project
(P. Koulouris).
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1.3. Environmental Literacy (EL) Cornerstones

A variety of definitions for environmental literacy (EL) exists [16]. The term literacy initially
referred solely to the ability to read and write. However, EL was specifically developed for
environmental education and comprises four cornerstones: knowledge (relationships to environmental
behaviour), attitudes/values, behaviour and skills. According to Weinert [17], competencies are
described as the sum of skills and abilities to cope with everyday situations. Extensive research was
conducted to find suitable measuring instruments for competencies. Roczen and colleagues [18]
defined a competency model applying three pillars of EL: (i) copying skills, referring to the knowledge
structure model [19], (ii) values as attitude-sets, linked to the Two Major Environmental Value model
(2-MEV) scale [20] and (iii) individual behaviour covered by the General Ecological Behaviour (GEB)
scale [21]. This competency model with its three pillars was pilot-tested within the GAIA context [13],
by accompanying appreciation (APR) [22] to the attitude-set. The following sections give a brief outline
of the instruments we used.

(i) Since the 1990s, programme assessments have shown varying environmental knowledge gains
(e.g., [23,24]). Various studies assumed that environmental knowledge alone is insufficient to measure
an ecological lifestyle, as it does not automatically lead to action (e.g., [25]). Frick and colleagues [19]
have already described different types of knowledge, namely system (SYS), action-related (ACT) and
effectiveness knowledge (EFF); the first one is considered weak whereas the others may have a high
impact [25,26]. Moreover, SYS and ACT together are supposed to form the basis of EFF [18,19]. Some
researchers agree that different knowledge types can be influenced by pro-environmental behaviour
(e.g., [26,27]), but not exclusively [28]. Using the three knowledge types, Thorn and Bogner [29]
revealed a knowledge gain after six months, observing, for example, cognitive knowledge acquisition
regarding nature conservation after tenth graders had visited an ecosystem forest. Similar results could
be obtained six weeks after participation in an outreach drinking water module for seventh-graders [30].
Despite increasing numbers of green- and eco-school initiatives, environmental knowledge types
are still not sufficiently examined (e.g., [31-33]). The GAIA intervention provides an opportunity to
analyse relationships between knowledge types (as we revealed in an earlier pilot study [13]) and how
much they are influenced by a pre- and post-test design.

(ii) Attitudes/values are an important part of environmental knowledge (e.g., [34]). For years,
a suitable, reliable and valid instrument [35] to measure adolescents’ attitudes has been lacking.
Bogner and colleagues developed the Two Major Environmental Value model (2-MEV) [20,23] with two
orthogonal factors: preservation (PRE) and utilisation (UTL). Over the last decades, the pilot instrument
with more than 60 items has subsequently been cross-tested within bi-national studies (e.g., [36]) and
further validated with other scales, such as the individual risk-taking preferences [37]. Finally, a 20
items version was agreed upon [38]. Moreover, what is the instrument was subsequently confirmed
by independent groups at different times (e.g., [39-43]) accepting its ecocentric and anthropocentric
views. The scale was frequently used to analyse the effectiveness of educational programs to provide
recommendations for educational implementation efforts [44,45]. Based on green initiatives, Boeve-de
Pauw and Van Petegem [46] reported that utilisation tendencies were lower in eco-school students than
control school students. In consequence, values can also be a predictor of environmental knowledge as
well as their willingness to learn (e.g., [47,48]). Relationships between other variables are expected [42].
Although further research will have to be conducted, green educational initiatives such as GAIA may
support relationships between values, knowledge and environmental behaviour.

(iii) Various studies (e.g., [49,50]) describe that pro-environmental behaviours improve with
growing environmental knowledge and attitudes. Other studies displayed changes, though not
always significant, in environmental behaviour after educational interventions (e.g., [41]) or green
educational initiatives (e.g., [46]). Nevertheless, one has to keep in mind that most cited examples refer
to different measuring scales and, thus, do not allow for the comparability. Demographic factors (age,
sex and social status) or external factors (e.g., economic, social and cultural reasons), as well as internal
factors (e.g., motivation, values and responsibilities and priorities), could be the underlying cause [51].
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In the late 1990s, the General Ecological Behaviour (GEB) scale was established for adults [52] and
subsequently adapted for adolescents in 2007 [21]. It comprises six pro-environmental sub-scales
(consumerism, energy, mobility and transport, recycling, vicarious behaviour and waste avoidance)
and was confirmed independently at different times (e.g., [53]). Using this instrument across national
borders, we could observe various outcomes [50,54]. The GEB categories are all based on a possible
relationship between attitudes and behaviour as an expression of motivation [55].

1.4. Research Goals
The objectives of our study were three-fold:

(i) toanalyse the individual person estimate of each student, expressed in logits (natural logarithm of
the ratio of correct to incorrect answer), for environmental knowledge and (reported) behaviour
compared to differences between pre- (T0) and post-test (T1),

(ii) to observe how individual preferences (preservation and utilisation) interact with environmental
knowledge/(reported) behaviour and differ after participation, and

(iii) to analyse the interaction of (reported) behaviour with environmental knowledge as a moderator.

2. Methods and Procedures

2.1. Sample

Our subjects were 132 Greek sixth-graders (seven school classes), in their last year of primary
school (M =11.03, SD + 0.23, 53.4% = female), completing a paper and pencil questionnaires twice: first,
after the beginning of the school year (pre-test, T0) and another time four months after intervention at
the very end of the project (post-test, T1).

2.2. Instruments
Altogether three psychometric constructs were assessed:

(i) anindividual environmental knowledge item set of 15 multiple choice question, adapted from
the pilot study [13], including three different types (covariates) of system knowledge (SYS),
action-related knowledge (ACT) and effectiveness knowledge (EFF) concerning the issues of
“energy” (one correct answer for each multiple-choice question and five items of each knowledge
type) (see Table 1),

(ii) 20 items regarding 2-MEV and APR scales [56], based on a five-point Likert scale (“1 = strongly
disagree”, “2 = disagree”, “3 = partially agree”, “4 = agree”, “5 = totally agree”) and

(iii) 21 items regarding the General Ecological Behaviour (GEB) scale containing four sub-categories:
“energy”, “mobility & transport”, “recycling” and “vicarious behaviour” [21], based on a five-point
Likert scale (“1 = never”, “2 = seldom”, “3 = sometimes”, “4 = often”, “5 = very often”).

2.3. Statistical Analysis

Statistical tests were conducted using R (The R Foundation for Statistical Computing for Windows;
Version 3.6.0 for Windows; www.r-project.org). The probabilistic Rasch model describes the likelihood
to solve items via item difficulty and person ability. To estimate each person’s attitudinal level, a
dichotomous Rasch model for environmental knowledge and (reported) behaviour was developed,
expressing results in logits (package eRM; for method, see [57]). Logits represent the ratio’s natural
logarithm between correct and incorrect answers. If logits were positive, the ratio shifted towards
correct answers and vice versa. For this purpose, all polytomous items were converted into a
dichotomous format. Response pattern followed a 5-point Likert scale (see instruments) ranging from
‘strongly disagree (1)’, ‘disagree (2)" and “partially agree (3)". To represent unreliable pro-environmental
preferences, we used ‘zero” as the code. Analogous, ‘agree (4)" and ‘totally agree (5), to represent
pro-environmental preferences, we used ‘one” as the code. For instance, we coded the item “I personally
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take care of plants” as one if the student ticked the item as ‘totally agree’. For utilisation, we coded
‘strongly disagree (1)’ and ‘disagree (2)" with ‘one’ to represent pro-environmental preferences. For
example, we coded the item “Nature is always able to restore itself” as one if the student ticked the
item as strongly disagree.

Table 1. Item examples for three different knowledge types: system (SYS), action-related (ACT) and
effectiveness knowledge (EFF).

Item Examples:

SYS_6: Increasing demand for meat in a growing population reinforces the greenhouse effect. Which animals
are responsible for the highest methane production? (a) fishes, (b) chicken, (c) pigs or (d) cows

SYS_18: Which of the following electrical devices is the most energy-consuming one in the classroom? (a)
projector, (b) computer + screen, (c) interactive whiteboard or (d) air conditioning.

ACT_11: How can you save energy while cooking? (a) turn the stove to the lowest level, (b) use a lid on your
pot, (c) turn the stove to the highest level or (d) order food using a delivery service.

ACT_21: How do you not save energy in the classroom? (a) do not use long curtains to prevent heat from
escaping, (b) keep classroom doors closed, (c) close the windows in winter while heating the classroom or (d)
during night time, turn the thermostat of the heating on its highest stage.

EFF_5: You urgently need new pants. How would you harm the environment most? (a) buy the article in a
second-hand shop, (b) considering its origin and buy the article locally, (c) buy your article in an online shop
choosing over-night express delivery or (d) going to the next store and buy new pants that please you.

EFF_15: How should buildings be painted in hot sunny areas like Italy to save energy? The buildings should
be... (a) ... lightly coloured to avoid overheating in summer, (b) ... light or dark colours do not have any
effect, (c) ... dark colours to prevent overheating in winter or (d) ... dark colours absorb the sun’s heat.

For ‘partially agree (3)’, ‘agree (4)" and “totally agree (5)’, we coded unreliable preferences with
‘zero’. All other items representing unreliable pro-environmental (reported) behaviour like ‘never (1)’,
‘seldom (2)’ and ‘sometimes (3)" were also coded with ‘zero’. Polytomous items such as “often (4)" and
‘very often (5)" which represent unreliable pro-environmental engagement were coded with ‘one’ (e.g.,
“I buy beverages in cans.”). Reversed items were then used for coding (e.g., “In hotels, I have the
towels changed daily.”).

A simple regression analysis was applied to observe differences between person estimates in
adolescents regarding environmental knowledge items. We also examined differences between girls
and boys. Multivariate analyses of covariance’s (ANCOVA) were used to determine group differences
between covariates (packages effects). To test the homogeneity of variance between covariates, we
applied Levene’s test (packages car; for method, see [58]).

3. Results

3.1. Analyses of Quality and Environmental Knowledge

To analyse and visualise knowledge items (5 system- (SYS), 5 action-related (ACT) and 5
effectiveness knowledge (EFF)), we used a dichotomous Rasch model (eRm package, [57]). The
likelihood ratio (LR) test confirmed the model’s application (T0: LR = 9.045, df = 14, p = 0.828;
T1: = LR = 14.235, df = 14, p = 0.432). The Wald test indicates one-dimensionality at item level without
breaking the rules for T0’s (TOminimum = —1.093, TOmaximum = 1.29), whereas for T1 one item does. For
other items, one-dimensionality is given (T1yinimum = —1.82 Tlmaximum = 1.43). The weighted fit mean
square (WMNSQ), which should range between 0.80 and 1.20 for multiple-choice tests [59,60], was
acceptable for pre- (T0) and post-test (T1): T0 0.83 < wMNSQ 1.09 <, T1 0.79 < wMNSQ < 1.17. The
item map illustrates that infit t-statistics applied to all items—except for one item in TO (Figure 2A)
and three items in T1—within the limits of +1.95 against the latent dimension. According to Wang
& Wilson [61], an item is only misfit, if wMNSQ and the infit t-statistic did not fit both. The joint
Item Charateristic Curve-Plot (ICC plot) displayed a broad range of probability for environmental
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knowledge items as was plotted against the latent dimension (Figure 2B). The items” discriminatory
power was comparable for each item, although it slightly shifted relative to item difficulties.
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Figure 2. Visualising the infit t-statistic for knowledge items of the pre-test (A) and their characteristic
item curves (B).

3.2. Person Estimate Promoting Environmental Knowledge

The person estimate indicates person performance and item difficulty based on pre- (T0) and
post-tests (T1). To visualise differences, we used a simple regression analysis to observe variances of
person estimate scores (logits) (F = 12.66, df = 130, 2 =0.09, p = 0.001) (Figure 3A).
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Figure 3. Environmental knowledge regression line in relation to participants’ personal estimate
(N =132) (A) and correctly answered environmental knowledge items (B) for person estimate of boys
and girls with regard to pre- and post-tests.

All participants were divided into two groups with respect to their logit scores to measure a
possible increase in knowledge. Those with lower logit scores (group one, N = 66) answered about five
items in the pre-test correctly and about seven in the post-test. Groups with higher logit scores (N = 66)
solved approximately eight items in T0 and T1. Comparison between girls and boys showed that both
sexes increased their knowledge after participation (Figure 3B), but that girls knew more than boys did.
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To verify our assumptions, we applied multivariate tests of ANCOVA. For analyses of all three
covariates (system (SYS), action-related (ACT) and effectiveness knowledge (EFF)), we used sum-scores
(Figure 4A). Results are not based on a specific lesson; they refer to the 10 weeks after the intervention.
While system knowledge decreased after having participated in the intervention, action-related and
effectiveness knowledge increase. The test quality was acceptable (Figure 4B).
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Figure 4. Correlation between the three knowledge types for pre- and post-tests (A) and test quality for
analysis (B).

Levene’s test indicates no homogeneity of variance between covariates (SYSro, 11: df =126, F =1.27,
p=0.28; ACTro,11: df =126, F = 0.82, p = 0.54 and EFFrg 11: df =126, F = 0.21, p = 0.96). Classification
of the person estimate as dependent factor for environmental knowledge did not reveal violations of
homogeneity for regression slopes (SYStg, 11: Sum Sq=0.49, F = 0.14, p = 0.94; ACTrq, 11: Sum Sq = 3.50,
F =0.83, p = 0.48; and EFF, 11: Sum Sq =4.01, F = 0.96, p = 0.41).

ANCOVA analysis (type III) showed that person estimate significantly affected covariates
comparing single covariates of TO and T1 with each other (SYSt 11: Sum Sq = 16.02, F = 26.13,
p > 0.001; ACTyg, 11: Sum Sq = 21.92, F = 39.90, p > 0.001; and EFFry 11: Sum Sq =7.02, F = 9.01,
p = 0.003) whereas for individual covariates two showed learning effects and one even a loss of
knowledge (SYSto, 11: ¥ = 0.30, t = 3.65, df = 130, p > 0.001; ACTrg,11: r = 0.24, t = 2.80, df = 130,
p = 0.006 and EFFyg, 11: r = 0.19, t = 2.24, df = 130, p = 0.03).

3.3. Nature Conservation Preferences and (Reported) Behaviour
In terms of attitudes, both groups (lower and higher values) displayed a significant knowledge
gain (Table 2).

Table 2. Environmental knowledge mean scores (N = 15 items) for pre- and post-test dependent on
adolescents environmental values (lower and higher).

Values TO T1 Difference
—
PR Lt o0 7R

vy G 2 4 a2

N = 66 for each measurement.
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Classifying preservation as dependent factor for environmental knowledge indicates assumptions
of homogeneity for regression slopes are not violated (SYStg, 11: Sum Sq =1.79, F = 0.73, p = 0.48;
ACTro, 11: Sum Sq =3.00, F = 1.07, p = 0.35; and EFFyq, 11: Sum Sq =1.10, F = 0.42, p = 0.66). The same
applies to appreciation (SYStg, 11: Sum Sq =1.75, F = 0.15, p = 0.69; ACTrq, 11: Sum Sq =0.59, F = 0.51,
p = 0.48; and EFFrg 11: Sum Sq = 1.40, F = 1.27, p = 0.26) and utilisation (SYStg, 1: Sum Sq = 0.77,
F=0.66,p=042; ACTrg 11: Sum Sq =0.001, F = 0.007, p = 0.98; and EFF, 11: Sum Sq =2.94, F = 2.80,
p = 0.10).

ANCOVA analysis (type III) show that preservation did not significantly affect covariates (SYSto, 11:
Sum Sq = 0.62, F = 0.54, p = 0.46; ACTro,11: Sum Sq=0.92, F = 0.78, p = 0.38; and EFFpg 11: Sum
Sq =0.33, F =0.30, p = 0.58). The same applies to appreciation (SYStg, 11: Sum Sq = 1.75, F = 0.15,
p =0.70; ACTg, 11: Sum Sq =0.59, F0.51, p = 0.48; and EFFrq, 11: Sum Sq =1.39, F = 1.27, p = 0.26) and
utilisation (SYStg, 11: Sum Sq = 0.77, F = 0.66, p = 0.42; ACTT, 11: Sum Sq = 0.001, F = 0.007, p = 0.10;
and EFFrg 11: Sum Sq =2.94, F = 2.80, p = 0.10). We obtained comparable results for difference analyses
of pre- and post-test mean values which distinguished between adolescents” lower and higher values
(appreciation, preservation and utilisation) (Table 2).

Ecocentric tendencies remained at an almost equal level after having participated in our
intervention for preservation (TOpreservation = 62%, Tlpreservation = 63%), and slightly decreased for
appreciation (TOappreciation = 37%, Tlappreciation = 31%). Anthropocentric tendencies focused on
exploiting nature did, however, not decrease (TOytiisation = 37%, Tlyilisation = 47%, see methods).

Analysing item preferences of preservation regarding (reported) behaviour, participants with
lower logit scores (group one) increased their environmental values after the intervention and were
almost at the same level as participants with higher scores (group two) (Figure 5A). We observed similar
effects for anthropocentric preferences (utilisation): Here, scores assessing tendencies to exploit nature
decreased (Figure 5B). More items of ‘disagree” and ‘strongly disagree” were ticked in T1 than in TO (see
methods). No differences between pre-test and post-test were identified for appreciation preferences.

preservation utilisation
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Figure 5. Ability to assess nature preferences (A) preservation and (B) utilisation via dependent logits
displaying (reported) behaviour. 1 (x-axis) represents the group with the lower logit scores whereas 2
(x-axis) represents the group with the higher logit scores for both figures.

GEB as moderator shows an increased learning curve for environmental knowledge as its main
interaction effect. Adolescents with lower logit scores have learned more compared to those with
higher logit scores (Figure 6).
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Figure 6. Conditional effect of the general ecological behaviour as moderator to solve environmental
knowledge items between pre- and post-test.

4. Discussion

The major goal of our “green” module was affecting behaviour, promoting attitudes/values and
fostering cognitive learning. Although this expectancy is in line with the literature [41,62], the GAIA
(Green Awareness in Action) intervention did not meet all expectations: the overall environmental
knowledge improved while values and behaviour did not. However, a detailed overview of the
analyses could be of use.

4.1. Efficacy of Environmental Knowledge

Regarding the implementation of an environmental education program about water issues by
Lieflander and colleagues [12], the highest increase in knowledge was observed for system knowledge
and is much higher than in our study. Other researchers identified knowledge gains across all three
knowledge types [33,41]. Poor basic pre-knowledge levels in system knowledge may provide a possible
explanation for the discrepancy in our study [63,64]. After extensive analysis of energy consumption in
the classroom, an increase in knowledge for action-related and effectiveness knowledge was the logical
outcome of our study (Figure 4), although the actual increase was not particularly high. Action-related
knowledge was the explicit goal of our intervention as it could potentially impact students” daily
life. However, groups with lower logit scores (N = 66) increased their environmental knowledge
scores whereas groups with higher logit scores (N = 66) did not. Of course, it would be desirable
to specifically facilitate action-related knowledge as it could potentially impact students” daily life.
In any case, it will be difficult to intrinsically motivate students to change their habits. Studies about
adult consumers are already pointing out that most are unwilling to adjust their consumption patterns
unless it is beneficial [65,66]. Grenhej and Thegersen [67] described motivation of young people as
rooted in family descriptive norms. Generally, that some people are more motivated to protect the
environment (e.g., consuming and acting sustainably or saving energy) than others is explained by
psychological factors of intrinsic motivation.
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4.2. Environmental Values and Behaviour Preferences

Attitudes and informal education, although often critically discussed, do not impact
pro-environmental behaviour [52]. In our case, we could show an interaction between pre- and
post-test for environmental knowledge with (reported) behaviour as moderator (Figure 6). Poor
motivation, thereby, seems to have an effect on learning as low-achievers (students who score below the
baseline level were at a comparable level in the post-test) although they received lower environmental
knowledge scores in the pre-test. This confirms our assumption, that action-related and effectiveness
knowledge have a specific impact on low achievers. The respective attitudes/values seem to influence
behavioural decisions [47,48]. Depending on higher and lower scores for preservation, appreciation and
utilisation, it only affected cognitive achievement. In contrast to educational interventions in natural
outreach setting [11,68], our in-class initiative focusing on energy consumption did not change attitudes
toward nature. A possible explanation mightbe our target group’s age: many participants were probably
too young to understand the complex context of energy consumption patterns and CO, emissions
and its impact on climate change. Boeve-de Pauw and Van Petegem [39] reported that environmental
knowledge and utilisation preferences correlate negatively. Regarding environmental attitudes, their

study displays an impact of social acceptability, not utilisation preferences, on preservation preferences.

Our results suggest that tendencies to exploit nature (utilisation) significantly decreased throughout
the intervention (Figure 5): utilizers may see an advantage in saving energy. Therefore, utilisation
preferences had a larger effect than preservation or appreciation did. Our long-term intervention has
influenced attitude but did not produce changes of attitudes which other interventions were able to
achieve [24]. Eco-school projects, which mostly involve only a few classes, follow a similar pattern.
Green educational initiatives will help to support raising awareness, but the decision to protect the
environment should be an individual choice [67].

4.3. Limitation and Directions for Future Research

For reasons of comparability, we have limited the sample to one school (same teachers, same
activities). We only included paper and pencil questionnaires filled in at both testing points despite
considerably reducing the number of questionnaires through non-participants (reason of illness or
non-participating). Rasch analysis was applied to all environmental knowledge items compared
to behavioural items but was not carried out for each sub-scale. Unlike other interventions with
three-fold testing cycles (pre-tests a few weeks before the intervention started, post-tests directly after the
intervention and retention tests usually more than six weeks after the intervention), our testing schedule
did not allow further insight into the knowledge acquisition. After participation in green initiatives,
students have the largest knowledge gain which usually decreases shortly thereafter. In consequence,
our monitoring procedure was limited to the beginning and end of the entire intervention phase. This
is different from other studies and may indicate long time learning. Rasch analysis was applied to
all environmental knowledge items versus behavioural items analyses but was not carried out for
each sub-scale.

The GAIA project is an example of how to raise student’s awareness of more sustainable energy
consumption. Our results displayed that GAIA was a successful intervention. As it only entails
minor technical effort and provides an application of materials [15,68], teachers in other schools can
easily adapt its concept. Previous studies have already revealed [69] that interventions implemented
in different classes or schools, but with similar school types and age groups, still produce different
results. Differences within heterogeneous classes are quite usual. Furthermore, personal moderators
(difficulties), situational moderators (social pressure) and subjective versus social norms (expectation)
can impact the outcome [70]. Green initiatives regarding ESD do not specifically aim at changing
awareness and behavioural preferences. Their focus is on shaping students’ skills including other
factors (knowledge, motivation, attitudes, values and take action) [71] to provide space for own
decisions (e.g., self-efficacy according to Bandura’s self-beliefs) [72].
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5. Conclusions

Based on the three pillars of Education for Sustainable Development (ESD) (as outlined in the
above), GAIA (Green Awareness in Action) specifically considered the economic pillar, as reducing
energy consumption in schools was the main goal of the project. Participation encouraged school classes
to compete with each other with regard to saving energy. Applied measuring devices confirmed that
energy consumption patterns changed measurably throughout the intervention [68]. Unfortunately,
our study was not able to connect the empirical data with the on-site measurement of hardware
data in classrooms. Potential reasons for behavioural change may be two-fold: (i) it is related to
the values of preservation and utilisation and (ii) it functions as a moderator for environmental
knowledge. Furthermore, levels of action-related and effectiveness knowledge improved throughout
the intervention. At the same time, behavioural decisions should not be the only factor taken into
account. The social pillar, based on cooperation between students, teachers and stakeholders, was
equally represented in the GAIA project. The impact of educational projects exceeds the boundaries of
school (e.g., family, friends, open-source internet of Facebook, Instagram or Twitter) also included the
ecological pillar, to protect the environment by changing energy consumption patterns and minimising
CO; emissions.

Green education initiatives such as GAIA (or e.g., eco-schools) attempt to optimise energy
consumption by various methods (e.g., improving students’ knowledge levels). Potential expenses
for in-class activities within the GAIA project mostly involve one-off payments (e.g., Internet of
Things techs (IoT) like power meters, environmental sensors and weather stations)) and sensing
hardware which are not expensive and applicable in other contexts. Moreover, we should keep in
mind that the individual benefit of educational interventions highly differs within heterogeneous
student communities. Projects like GAIA can only act as extrinsic operators. Still, it is possible that
values and behaviour do not change despite extrinsic operators. Everyone must intrinsically motivate
themselves. Creating individual learning tools and assessing their impact on competency could be
subject to further research.
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G.1 Fragebogen: Vorstellungen von Studierende

Fragen mit * gekennzeichnet - Teilstudie A, nicht gekennzeichnet Teilstudie B.

UNIVERSITAT
BAYREUTH

Didaktik der Biologie Februar 2017

Im Folgenden werden lhnen einige Frage zum Themengebiet Umwelt gestellt.
Beachten Sie bitte:

* Es wird nach lhrer persénlichen Meinung gefragt.
¢ Beantworten Sie die Fragen spontan und ohne lange zu Uberlegen.

¢ Die Auswertung der Daten erfolgt streng vertraulich und wird nicht an Dritte weitergegeben.
Semester: Alter: Geschlecht: Mannlich [

Studiengang: Weiblich [

1. Bildung fiir Nachhaltige Entwicklung (BNE) *

Was verstehen Sie darunter?

2. Okologischer FuRabdruck

Was kdnnen Sie dazu beitragen, um lhren 6kologischen Fufabdruck zu verringern?
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3. Natur

a) Betrachten Sie folgende Kreise. Wie eng sollte Ihrer Meinung nach der Mensch mit der

Natur verbunden sein? Kreuzen Sie nur ein Kastchen an. *

N\ N\ -~ e
/ Ich / Ich / Ich /Ich
ALl B[O cO DO
@ 6 ¢
\ \
EC] FO

GO

b) Wie eng sehen Sie sich mit der Natur verbunden? Kreuzen Sie nur ein Késtchen an. *

-~ -~ -~ -~
/ Ich / Ich / Ich /Ich
AQ cO DO

BO

DO ¢
\ \
EO FO

GO

c) Natur: Welche personlichen Gefiihle/Emotionen verbinden Sie damit?

4. Umweltbildung *

a) Was verstehen Sie darunter? *
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b) Wie stark trug in lhrem Fall die folgenden Kategorien zur Umweltbildung bei:

schwach  mittelmalig stark sehr stark

Schule o o O O
Aulerschulische Lernorte

(Zoo, Botanischer Garten, o o O O
Museum)

Medien (TV, Zeitschriften,

Blcher) . . - .
Werbung (Plakate, Flyer) O O O O
Elternhaus, Familie, Freunde o o O O
Politik O O O O

C) Zu welchem Themengebiet in der Umweltbildung wiinschen Sie sich mehr Informationen?

5. Umwelt

a) Woflr steht fiir Sie der Begriff Umwelt?

b) Wodurch wird lhrer Meinung nach die Umwelt am starksten gefahrdet?
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G.2 Schiilerfragebogen Energiesparen im Klassenzimmer

Englisch

Open
Schools for

) UNIVERSITAT open
BAYREUTH Secieties

Dear students

Thank for your participation in this science project.

This questionnaire is part of scientific and the applied data is treated strictly confidence.
Your teacher will not read or mark your answers.

Please work on your own.

Read and answer each question carefully.

Please use a dark pen, not a pencil.

Please tick only one box for each question. In case you have ticked the wrong box, please fill
out the whole box and tick another box.

When you are finished, please check your questionnaire if you answered all questions.

date

day month year

Personal code:
This code is important to match the questionnaires to each other but not

personally, who fills it out.

Reduce your gender for males as M or female as W.

In which month are you born? (example: 08 for August, 12 for December).

In which year are you born? (example: 99 for 1999, 00 for 2000).

Which are the two first letters of your mother's name? (example. AL for Aliki).

In which house number do you live? (example: 003 for house number 3, 012 for
house number 12).

QL& 0 M=

L1 J \ ¥ J \ W J %\ - i .
2. month of 3. year of 4. mothers
1. gender birth birth —— 5. house number
Example: Aliki, female, born in September 2001, her mothers name is Anastacia and

Aliki lives in house number 7. ***Alikis code number: FO901ANO007***




94 G Anhang
A) Answer the following question by tick only one case for each question.
. L. . i Which of the following activities is most
1 Which activity does not require fossil 2 energy-consuming in your everyday

energy?

classroom?

O000

transport

ride a bicycle

lighting of rooms

using computers

OoOo0ao

turn off the lights during lunch-time

let the computer on all day, although you use
it only once a day

turn off all devices during breaks between two
school lessons

disconnect the laptops from the power system
when the battery is fully charged

What kind of lamps would you choose to
get possible energy savings and the most
economical solution for your classroom?

4

Which operation will be the best
opportunity to dry your clothes
environmentally friendly?

O000

LED lamps, 18 watts, 10€

light bulb, 100 watts, 0,75€

energy-saving lamps, 20 watts, 5€

fluorescent lamp, 18 watt, 3,50€

OoOo0o

using electricity from natural gases in
operation of the tumble-dryer

using a tumble-dryer in an efficiency category

drying on a clothesline instead of using a
tumble-dryer

using green electricity for the tumble-dryer

You urgently need new pants. How would
you harm the environment most?

Increasing demand for meat in a growing
population reinforces the greenhouse
effect. Which animals are responsible for
the highest methane production?

O000

buy the article in a second-hand shop
considering its origin and buy the article
locally

buy your article in an online shop
choosing over-night express delivery

going to the next store and buy new pants
that please you

OoOoao

fishes

chicken

pigs

Cows
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Which of the following opportunities is
NOT good to save energy?

Which of the following opportunity waste
the most energy during a lesson in your
classroom?

O000

good isolation of the building to protect from
cold

using an energy-efficient light bulb

using an air conditioner in summer day and
night

turn off the air conditioner in winter

OoOoao

your teacher using a whiteboard

your teacher using a flip chart

your teacher using the board

your teacher using a visualizer connected to a
projector

Carbon dioxide causes problems,
because...

10

Which compass direction of photovoltaic
cells is the best?

O000

...it enhances the greenhouse effect

...it damages plants

...it destroys the ozone layer

...itirritates the skin

O 00

north

south

east

west

11

How can you save energy while cooking?

12

Where should you throw away old used
energy-saving lamps?

O000

turn the stove to the lowest level

use a lid on your pot

turn the stove to the highest level

order food using a delivery service

O 00

waste glass container

nature

household waste

special recycling bin for used lamps

13

To efficiently ventilate our classroom, we
do NOT waste energy if...

14

How is it possible to reduce carbon
dioxide from the atmosphere?

O 000

...we leave the windows fully open for a long
time to get fresh air in winter

...we constantly tip the windows

...we leave the windows fully open and only
for a short time

...keeping windows closed and using air
conditioning

OoOoao

plant trees

ride a bicycle

wearing clothes from natural fibres

using wood as fuel
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How should buildings be painted in hot Which is the environmentally most
15 | sunny areas like Italy to save energy? The 16 damaging way to go into town with your

buildings should be...

friend?

O O

... light coloured to avoid overheating in
summer

... light or dark colours do not have any effect

... dark colours to prevent overheating in
winter

... dark colours absorb the sun’s heat

OO0

by car with my mother or father

using public transport

take a taxi

car sharing with my friends’ mother or father

Two people travel from Athens to Saloniki.
Person A takes a car, person B a bus
(including 30 passengers).

Which of the following electrical devices is
the most energy-consuming one in the
classroom?

OO0

person B using 6 time less energy for the
route than person A.

person B using only the half of energy than
person A.

person A using only the half of energy than
person B.

both person using the same amount of
energy.

O O

projector

computer + screen

interactive whiteboard

air conditioning

19

What kind of building are NOT energy
efficient in hot areas?

20

For heating water, energy are required. For
which action you need warm water most?

OoOo0oao

building with many small windows

building with many big windows

building with double glassing

building consisting only from natural materials

OoOo0ao

hand washing

brush your teeth

bike or car washing

washing dishes

How do you not save energy in the
classroom?

For a sustainable development...

OO0 O

do not use long curtains to prevent heat from
escaping

keep classroom doors closed

close the windows in winter while heating the
classroom

during night time, turn the thermostat of the
heating on its highest stage

OO0 O

...ecological trade measures are needed that
our grand-children still have an intact
environment

...economical trade measures are needed
that our grand-children will not living in
poverty

...aspects of environment, social and
economic need equal weighing

...social trade measures are needed that our
grandchildren will live in freedom
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23

A 20 W energy-saving lamp has the same
effects as a 100 W light bulb. How many
times does an economy lamp with 1 kWh
work?

24

Coal, mineral oil and natural gases were
originally developed million years ago
from...

OO0

20 times longer

5 times longer

200 times longer

both are identical

O O

sand

stones

plant material

bacteria

25

If you want to reduce your carbon dioxide
footprint, you will be...

26

Which of these opportunities are suited to
improve thermal isolation of a school
building?

O

O O

... switching off all electrical devices with your
remote controller

... not switching off all your electrical devices

... using a flip switch to switch off of all
electrical devices

... switching off your electrical devices without
that there relay function light

O

OO0

using sun shades having constant shadow
places for learning activities outside the
building

planting trees at suitable places close to the
school building

planting a hedge around the school building
getting some shade for the building

decorate the school areal around the school
building with some nice artworks

27

What will NOT be the long-term effect of
the greenhouse effect?

28

If a room has 50% humidity and 20°C
temperature, the humidity-temperature
relationship is considered...

O0O00

...glacier will melt

...sea level will rises

...sea temperature will sink in all oceans

...changing climate zone around the globe

OoOo0oao

it does not matter

satisfactory

not good — dry air

not good — too much moisture

29

You would like to save energy. Which
action is NOT useful?

30

Which of the following does not belong to
the category of renewable energies?

O000

take a shower instead of a bath

charge your cell phone in school

wearing warm clothes inside the room in
winter

using LED for lighting

OoOo0oao

solar energy

fossil energy

wind power

biomass
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(/]
B) How often have you done this outside g E
(of the) school? (GEB, Kaiser 2007) - E 'g - o
2 o £ ) >
o [} o b= o
= n (7] o >
| ride a bicycle, take public transportation
1 or walk to school. [] L] L] [] L]
After one day of use, my sweaters or
“ trousers go into the laundry. D D D D D
3. | buy beverages in cans. ] [] [] [] []
4. | amdriven around by car. [] [ ] [] [ ] []
| read books, publications, and other
o materials about environmental problems. [] [] [] [] []
6. | buy beverages in returnable bottles. [] [] [] [] []
7. In hotels, | have the towels changed daily. [] [] [] [] []
8. | separate waste. [] [] [] [] []
9 In the winter, it is warm enough in my room
" to only wear a T-shirt. [] [] [] [] []
For short distances (within 15 minutes), |
e walk or ride a bike. [] L] L] L] L]
After a picnic, | leave the place as clean as
il it was before. [] [] [] [ []
When shopping, | prefer products with eco-
12 labels. D D D D D
If | am offered a plastic bag in a store, |
L take it. [] [] [] [] []
14. | put empty batteries in the garbage. [] [] [] [ ] []
15. | buy products in refillable packages. ] [] [] [] []




G Anhang

99

B) How often have you done this outside é E
(of the) school? . £ 2 - 3
s 3 5 g 3
= (7] 0 o >
16. | refrain from battery-operated appliances. ] [] [] [] []
17. | collect and recycle used paper. [] [] [] [ ] []
18. | buy certified organic foods. ] [] [] [] []
On excursions, | take along beverages in
19. single-use packages (e.g.Sunkist, Capri- [] [] [] [ ] []
Sonne).
20. | keep gift wrapping paper for reuse. [ ] [] [] [ ] []
| contribute financially to environmental
1. organizations. [] [] [] [] []
22. |reuse my shopping bags. [] [] [] [ ] []
23. linsist on holidays close to home. [] [] [] [] []
24. | eat seasonal produce. [ ] [] [] [] []
At my parties, we use plastic silverware
2 and paper cups. [] L L [] L
In the winter, | turn down the heat when |
28s leave my room for more than 4 hours. [ L] L] [ []
| bring empty glass bottles to a recycling
27. pin. L L L L] L
28. | use writing pads from recycled paper. [] [] [] [] []
| try to persuade my parents to buy an
. energy-efficient car. D D D D D
30. | order take-out pizza. ] [] [] [] []
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B) How often have you done this outside
(of the) school?

never
seldom
sometimes
often

\very often

| eat in fast-food restaurants, such as

41 McDonalds and Burger King.

| have pointed out unecological behavior to

32.
someone.

33. | ask my parents to buy seasonal produce.

34 As the last person to leave a room, | switch

off the lights.
| learn about environmental issues in the
35. . :
media (newspapers, magazines, and TV).
36 | leave electrically powered appliances
* (TV, stereo, printer) on standby.
37 | am a member of an environmental

organization.

38. | Kkill insects with a chemical insecticide.

39. | prefer markers to crayons for drawing.

For making notes, | take paper that is
already used on one side.

N Y Y Y I Y I O O
N Y I Y O O
N Y Y I OO
N Y Y I O OO
N Y Y I s Y I O O

40.

C) Please, circle the picture below that describes your relationship with the
natural environment best. (INS, Schultz 2004)

/ Self / Self /Self /Self
A[] B[] cd D[
— ~ .
fself (5 i
\_ \ \
EC] F O GO
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D) How often have you done this outside (of é 3
the) school? (2-MEV, Bogner 2018) " £ Z c S

$ 3 £ ) e

2 % & 5 $
1. | consciously watch or listen to birds [ ] [] [] [] []
2. | take time to watch the clouds pass by [] [] [] [] []

| deliberately take time to watch stars at

4. | take time to consciously smell flowers ] [] [] [] []
5. | personally take care of plants [] [] [] [] []

D) To what extent do you agree with the
following statements?

| save water by taking a shower instead of
6. abath (in order to spare water).

strongly
disagree

disagree

partially
agree

agree

totally agree

7. | enjoy gardening

We must build more roads so people can

- travel to the countryside.
9 Humankind will die out if we don't live in
" tune with nature.
10 Not only plants and animals of economic
" importance need to be protected.
- Dirty industrial smoke from chimneys

makes me angry.

12. Nature is always able to restore itself.

13. Pets are part of the family.

14. Our planet has unlimited resources

N T A I A I B O A

N Y s D I A A A

N Y s Y I I A O

1 Y I I

N Y s O I I A O
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D) To what extent do you agree with the
following statements? o o o - =
- 0 (1) - =
s 8 B c O =) & T
» T © Qm® (1} »w ©
Listening to the sounds of nature makes
e me relax [] U L U u
We don't need to set aside areas to protect
18- endangered species. [] D D D D
Humans don't have the right to change
17 nature as they see fit. [] [] [] [] []
18. People worry too much about pollution. ] [ ] [] [] [ ]
Human beings are not more important than
- other creatures. [] [] [] [] []
We need to clear forests in order to grow
20. crops. D D [] |:| D
The quiet nature outdoors makes me
3 anxious. D D D D D

Thank you to fill out this questionnaire. Please check, if you have

answered all the questions.
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Griechisch

EUNWERSHAT@?& g(plr:olshr @AlA
en Ia Ia
BAYREUTH \g§ Shcetes Kw8kdg paéntn:

HAwia

®ulo

20l EUXOAPLOTOULE TIOU CUMETEXETE OTNV EPEUVA Hag!

OL QmavinoEl; 0aG OE AUTO TO EPWTNHUATOAOYLO €lVOL QAVWVUMEG KOL EUTLOTEUTIKEG. Agv Ba TIg
SloBaocouv kat 6 Ba tig Babuoioyrioouv ot ackalhol kot ot SackAaAeg oag!

MapakaAoUpE AMAVIAOTE TIOAU TIPOCEKTIKA - O KaBévag povog Tou Kol n Kabeuia povn tng. ] O
XPNOLUOTIOLNOETE UMAE 1 HAUPO OTUNG. INUELWOTE TNV amavinon oag pe éva kabapd X péoa oto e,
mAaioto. Av kdvete AdBog, yepiote oAokAnpo to AddBog kouti kat BaAte X 0To CWOTO. C!A{

A) ATAVTNOE TLG TTOPAKATW EPWTHOELG KAVOVTOG LOVO LiLa EMAOYH ava EpwTnon.

MNowa 8paoctnpLotnta Sev anattei o€ Kapia Me nota UV OeLa OTLATAAATE IEPLOOOTEPN
TEPIMTWON EVEPYELXL OUITO OPUKTA KAUOLLAQL; €VEPYELA OTN OXOALKA TAEN;

, , 2Bnvete ta pwta KATA TN SLAPKELD TOU

Metakivnon He autokivnto ’ ;
UeyaAou SLoAeippaToc.

Metakivnon pe modnAato A:?Jr’]vere "tOV M) av'auuéfvo Al ,
MEPQ, EVW TOV XPNOLUOTIOLE(TE HOVO yLa Alyo.

D o Suymman ZBr’]vsFe (’)’)\sq TG ouloksuéq oto SLAAelupa
pHetafL dUo pabnudatwy.

Batete T0 dopntd unoloylotr otnv npila,

otav n pnatapia eival mAfpwg GopTLoUEVN.

OO0 OO0
OO O O

Xpron tou uTtoAoyLoTh

T eiboug Adumneg Oa sTUAEyate yia va Mowog eivat o 1o PLALkag tpog to
3 €EOLKOVOUIOETE EVEPYELA OTNV TAEN COG HUE 4 nepLBAAAOV TPOTIOG VLA VAL OTEYVWVETE TA
TOV TILO OLKOVORLKO TPOTO; pouxa oag;

XpnoLuomolwvtag NAEKTPLKY EVEPYELA ATIO

Adurmeg LED, 18 watt, 10€ i i ;
dUOLKO AEPLO YL TO OTEYVWTHPLO.

XPNOLLOTIOLWVTAG OTEYVWTIPLO TIOU OVAKEL

MNapadoclakég Aaumneg, 100 watt, 0,75€ ; , ; i
o€ Kahf Kotnyopia evepyelakng arnodoong.

Adumneg e€olkovopnong evépyelag, 20 watt,
5€

JTEYVWVOVTOC TA poUXO OE OKOLVL OVTL Vol
XPNOLUOTIOLOULE OTEYVWTNPLO.
XPNOLUOTIOLWVTOG «TIPACLVN» NAEKTPIKNA
EVEPYELA YLOL TO OTEYVWTHPLO.

OO 0O O
OO 0O O

Aaumeg dpBoplopou, 18 watt, 3,50€

H avénon ¢ {Ttnong KPEATog anod Tov
TLAYKOOMLO MANOUGHO EVICXUEL TO
dawvopevo tou Bsppoknniov. Mowa {wa
TLAPAYOUV TTEPLOCOTEPO MEOAVLO;

XPELALEOTE EMELYOVIWG KOLVOUPYLO
5 navteAovt. Nwg Oa BAAnTATE MEPLOGOTEPO 6
To nepBaAiov;

Ayopalovtog To TTAVTEAOVL O KATAOTNUO .
vopal q ; L Ta YapLa
METOXEPLOUEVWVY ELOWV.

MaBaivovtag yla Tnv mPoEAEUCT] TOU Kal ;
’ q,y L ’p 0 Ta kotémouAa
ETUAEYOVTOG €Va TOTIKO TTPOLOV.
Ayopalovtoc To TaVTEAOVL OTO (VTEPVET UE G sl
eneilyouoa mapAadoon TNV EMOUEVN HEPQA. k=D
Mnyaivovtag og £va KATAoTN O POUXWY KOl

ayopalovtag £va TaVTEAOVL TIOU GOG OPECEL.

OO 0O O
OO 0O O

OL ayeNadeg
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Mol ano tig mapakatw AEN givar kaln
TUPOLKTLKI) YLOL TNV EEOLKOVOLNCN EVEPYELOG;

Z€ TIOLAL OO TLG TLOPOLKATW TEPLITTWOELG
UTtapXeL LeYaAUTEPN OTIATAAN EVEPYELOG
KOLTA T SLAPKELX TOU HABHATOG 0TV TAEN;

O 0O O O

KaAn povwon tou Ktnpiou yla mpootacia
amnod To Kpuo

Xpron evepyeLaka amoSoTIKwY AQUITHPwWV

Xpron tou KALATIOTLIKOU To KaAokaipt, Hépa
KoL voxto

2BAOLUO TOU KALLATLOTIKOU TO XELLWVA

OO O o

O 6Aokahog XxpnoLlomnolel AeUKO mivaka.

O 8dokahog xpnolpomnolel mivaka pe peyala
xaptiad yla onuewwoelg (flip chart).

O 6daokahog xpnoluomnolel amAo mivaka.

O 6dokahog xpnolomnolel mpofoAéa
(mpotléktopa).

To 8Lo0&eidlo Tou avBpaka ivat TpoBAnpa,
ywari...

10

MNowa eivat n kaAutepn KatevOLvVoN yLa Ta
dwrofolAtaikd;

O 0O O O

...EVLOXUEL TO dpavopevo tou Beppoknriou.

... BAamrTeL Ta puTa.

... kataotpédel tn ot fada Ttou 6ovtod.

...epeBileL To Séppa.

[

Bopela

Nota

AVOTOALKA

Avtika

11

Nwg pnopeite va e§0LKOVONOETE EVEPYELA
EVW LAYELPEVETE;

12

Mov npémel va metdte MaAloug AanTRpEeS
€§0LKOVOUNONG EVEPYELAG;

O O O

AvaBovtag tnv eotia TG NAEKTPLIKAG Koulivag
oTOo XapnAotepo eninedo.

BdZovtag To KAmAKL 0T KAToopOAa.

Avapovrtag tnv eotia otov o PnAo emninedo.

MNapayyéAlvovtag €tolpo paynto nou Ba cag
napadobel oto oritL.

[

2e KAS0 AMOPPLUUATWY YUOALOU

3tn duon

JTO OLKLOKA amopplupaTa

Y€ €161KO KAS0 avaKUKAWGONG yla
XPNOLUOTIOLNUEVOUG AQUTTTIPEG

13

Ma va agpioste kahd tnv tagn pag, AEN
OTATAAQTE EVEPYELA QV...

Nwg BonOdrte va pewwOei to SLo&eidlo Tou
avBpaka otnv atpocdapa;

O 0O O O

...0PrVETE TO XELMWVA TO TOPABupa EVIEAWS
OVOLYTA yLa TIOAAN wpa.

...KpOTATE oUVEXWC LoAvoLyTa Ta tapdbupa.

...0pVeTe Ta MOpABUpA EVIEAWG avVOLXTA
MOVO yLa ULKPO XPOVLKO SLACTN L.

...KPATATE Ta MOpABupa KAELOTA Kal
XPNOLLOTIOLEITE TOV KALUATIOWO.

O 0O 0O 0O

Qurtevovtag Sévipa

Kavovtag modriato

Dopwvtag pouxa anod GuUOLKES (Veg

Xpnowomnotwvtag E0Aa w¢ KAUGLUO
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15

Nwg npénel va xpwpati{ovtal To KTHPLA o€
TEPLOXEG ME OEppO KA yLa va
e§olkovopeital evEpyeLa;

16

Mowog givat o XelpOTEPOG yLa To IePLBAAAOV
TPOMOG yLa va rdte BOATa 6To KEVTPO TG
TOANG pe éva ¢ilo oag;

H

Avolytoxpwua, ylo va amodelyetal n
unepBéppavon To kaAokaipt.

Eite avotdypwua eite okoupdxpwua, dev
€xeLonuaoia.

JKOUPOXPWHA yla va anodeUyeTaL N
unepBEéppavon To XELLWVa.

SKoupOXpWUA yLa va arnoppodouv
TiEPLOOOTEPN BepUOTNTA Ao TOV NALO.

O [

J0G MNYALVEL N UNTEPQ OAG N O TIATEPQG OOG
LE TO autokivnto.

Xpnouormnoleite Tn SnudoLla cuykowwvia.

MNaipvete Taél.

Motpdleote e o dilo cag To autokivnTo
NG UNTEPQCG I TOU TIATEPQ TOU.

17

Avo datopa tagdevouvv anod tnv ABfva otn
Oeoocalovikn. To dtopo A tnyaivel pe
autokivnto, To datopo B naipvel Aewdopeio
ue 30 emPATEG.

18

Mota ano tig akOAovOEeG NAEKTPIKEG
CUOKEVEG KATAVOAWVEL TEPLOGOTEPN
EVEPYELA OTN GXOALKN TAEN;

O O

To dtopo B xpnouomolel 6 popég Alyotepn
gvépyeLa yLa tn Stadpoun amo To Atopo A.
To &topo B xpnoLomoLel Lovo Tt pion
EVEPYELN OE OXEON JLE TO ATOMO A.

To atopo A XpnGOLUOTIOLEL HOVO TN HLoN)
EVEPYELA OE OXEON JLE TO ATOUO B.

Kat ta 600 dtopa xpnoLuomnotlouyv tny idla
TLOOOTNTO EVEPYELAG.

0 O

MpoBoAéag (mpotlékTopag)
YrmoAoyloTi¢ Kat 086vn
ALadpaoTIKOG THivaKOG

KALLOTLOTIKO

19

Tueidoug ktiiplo AEN gival evepysLokd
AMOSO0TIKO OE MEPLOXEG e BP0 KA

Ma tn O£puavon Tou vepou amatteitat
evépyela. Na rota 5o0uAeLld xpeLtdleote
NEPLOCOTEPO {ECTO VEPO;

OO O

Ktriplo pe moAAA pikpd mapdbupa

KtrpLo pe moAa peydla mapdbupa

KtnpLo pe mapabupa pe SumAa t{auta

Ktriplo ¢priayuévo pHovo amd duoikd UALKA

OO 0O

MAUOLO TWV XEPLWV

BoUptolopa twv Sovilwv

MAUGLUO TOU QUTOKLVATOU I Tou todnAatou

MAUGLUO TLATWY

Me nowa evépyeia AEN e€olkovopeite
€VEPYELA OTN GXOALKN TAgN;

Ma va netvyoupe Blwotpn avantuén ...

O 0O 0O 0O

XpNOLUOTIOLE(TE aKPLEC KOUPTLVEG yLa val
anoduyete t Staduyn BepuotnTog.

Kpatdrte tnv mopta tng aibovoag KAsLoth.
KAeivete 1o mapabupo 1o xelpwva, otav
Xpnotpornoleite tn Bépuavon.

a to Bpadu, yupilete To Bepuootdtn TG
B€puavonc oto uPnAdtepo eninedo.

O O O O

...XPELATETAL VO TTAPOULLE OLKOAOYLKA LETPA,
YLOL VOL SLOTNPCOUKE KAL VLA T EYYOVLAL L0
avemnado to puatko eptBAilov.
...XPELALETOL VO TTAPOUE OLKOVOULKA LETPA,
yla vae pnv {ouv o€ GUVONRKEG pTwyELAG T
£yyovLa Hag.

...XPELAleTalL va Swaooupe (oo Bapog ato
TieplBAANOV, TNV KOWWVIA KoL TNV OLKOVOLA.
...XPELALETAL VA TIAPOUHLE KOLVWVLKA LETPA,
yla va {ouv Ta gyyovia LaG O€ CUVONKEG
eheuBepiag.
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Mua Adprna e§owkovopunong evépyetag 20 W
i:)‘:f:l\ll&lfl)éd::qgs ‘:‘;ar:? I:E::;:;n (),\au;t:otwv OL yatavOpaKeg, To ETPEAQLO KOl TO
23 ) § ROREG ISP PR Xp 24 | ¢uoko aéplo Snpovpyndnkav nmpLv ano

Asttoupyel n Adumna owkovopiog og cUyKpLon
HE TN CUMPBATIKA AGUTTO, KOTOVOAWVOVTOG
evépyela 1 kWh;

EKOTOMUUPLA XPOVLA ATTO. ..

OO0 0Od

20 popég meplocOTEPO

5 dopég neplocoTEPO

200 ¢popéG MepPLOCOTEPO

Kot ot Suo eivat to idto.

...auuo
.. TIETPEG
...QUTIKA UALKA

..Baktnpla

25

Mo va HELwoeTe To S10§eibdLo Tou avOpaka
1ou eKAUETAL 0TV atpoodatpa Aoyw thg
SpaotnpLoTNTAG 0ag...

Motog givatl KAAUTEPOG TPOTOG yLaL Th
BeAtiwon tng Beppopdvwong tou cxoAeiou;

[l

O O

...QTIEVEPYOTIOLE(TE TIG NAEKTPLKEG CUCKEUEG
LLE TO TNAEXELPLOTNPLO.

...0EV QTEVEPYOTIOLELTE TIG NAEKTPLKEG

OUCKEUEG 0.

....XPNOLLOTIOLELTE TOV KEVIPLKO SLAKOMTN yLoL
VO QTIEVEPYOTIOLIOETE TIG CUCKEUEG 0O,

...QTIEVEPYOTIOLELTE TLG CUOKEVEG 0O, TIAVW
OTLG Omoleg gV UTAPYEL KATOLO WG,

O O

H dnuioupyla TEPLOXWV UE LOVLUN OKLA YLaL
EKTIOLOEUTIKEG SPOOTNPLOTNTEG EKTOG TOU
oXOoAKoU Ktnpiou.

H ¢uteuon 6évipwy og kat@AAnAa onueia
KOVTQ 0TO OXOALKO KTHplo.

H ¢utevon Bapvwyv yupw amo to oXoALKO
KTAPLO, YLOL VOL KAVEL KATIOLAL OKLAL OTO KTNPLO.
H Slakdopnon tou neplBailovrog yupw amno
TO OXOALKO KTHPLO HE wpaia £pya TEXVNG.

27

Moo anod ta napakdtw AEN Ba anoteAéosL
HOKPOTIPOOECUN CUVETIELA TOU PAULVOUEVOU
Tou Beppoknmiou;

28

Av éva Swpartio £xeL uypacia 50% Ko
Oeppokpacia 20° C, n oxéon vypaoiog-
Oeppokpaciag Oswpeitat...

0 O

©a ALWOoOoUV OL TTAYETWVEC.

Oa avePel n otabun tng BdAaocoac.

H Bepuokpacia tng Balaocoag Ba pelwbel oe
OAOUG TOUC WKEAVOUG.

Oa aANGEOUV OL KALLOTIKEG {WVEG OF
OAOKANPO TOV MAQVATN.

OO O

Acnuavtn

IKQVOTIOLNTLKNA

‘OxL koAR, 0 aépag ivat Enpog.

OxL kan, €xet urtepBoALkd OAAL vypacia.

Moto anod ta napakdtw AEN BonBadst yia va
€EOLKOVOI|OETE EVEPYELQ;

30

Mota amno Tig mapakatw popdEg evépyeLag
Sev eival avavewotpn;

OO0 00

Na KAVETE VTOUG, avTti yLa UImAvio o€ YEUATNH
Umaviépa.

Na doprtilete 10 KIVvNTO 00C 0TO OXOAE 0.

Na doparte {eota pouxa LECA OTO KTNPLO TO
XELLWVA.

Na xpnotupomnoleite Adurmneg LED yia to
dwtLopo.

O 00O O

HAlokn evépyela

Evépyela amd opukTa KavoLpa

ALOALKN) evépyela

Evépyela amo Blopala
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B) N600 CUXVA KAVETE TO MOLPAKATW EKTOG OXOAEiOU; Moté Inavia  Mepkég  Zuxva MoAu
dopég cuxva

Mnyaivw oto oxoA&io pe To modnAarto, Ue Ta HEoQ

1. ; Fone 7 7
pollkng petadopdg, r pe ta modia. D D D D D
Dopaw TG LITAOUTEG KL TOL TTAVTEAOVLA [LOU [LaL

2. - ; ; ; ;
MOVO HEPA KL LETA TA BAlw Yo TAUCLUO. I:l I:l I:l I:l I:l

3.  Ayopdlw avapukTikd og LETAAALKA KOUTAKLAL. D D D D D

4. MetaklvoupaLl Le autokivnTo. D D I:I D D
AlaBatw BLBAia, dnpooteloels kat GANO UALKO yla

B Ta poPAnpaTa Tou eplBaAlovtog. D D D D D

6.  Ayopdlw avaukTikd o€ enLoTpePOUEVEG PLAAEG. I:l |:| I:l |:| |:|
Otav pévw ot Eevoboxeio, BEAW va pou aAhalouv

7 KAONUEPLVAL TLG TIETOETEG. D D D I:l D

3. rA(;ﬁ)q((.upLZw Ta okouTtiSila avaAoya Ue To €idog I:l I:I D I:l I:l
To XEWWwva KAVEL ApKeTH (E0TN 0TO SWUATLO Hou

= wote va $opaw KOVTOUAVIKO UITAOUTAKL. I:l I:I I:l I:l I:l
Mo UKPEC AMOCTACELS (HEXPL 15 Aemtd), Mnyailvw

10. ; ; :

9 ME Ta modLa 1) To modnAarto. I:I I:I I:I I:I I:I

Metad amno éva mikvik, adprivw to HEPOC TOCO

11. iy i
KaBapod 600 NTAV KAl TTPLV. I:I I:I I:I I:I I:I
Otav Pwvilw, mpoTiuw mpolovta mou £XouV aTh

R OUOKEUQAOLO TOUG KATIOLO OLKOAOYLKO GraL. I:l D D I:l I:l
Av pou pood£pouv MAACTIKN TOAVTA OE £val

e KATAOTNHO, TNV TAlpVW. I:l D D I:l I:l

14. Metdw TIG ASELEG pUMaTapieg oTa okouTiSLAL I:I I:l I:l I:I D
Ayopalw TPoidVTa 0€ CUCKEVAGLEG TTOU UTTOPOUV

15. ;

. va EoVayEULOTOUV. I:l I:l I:l I:l I:l

Anodelyw va XpnOLULOTIOLW CUCKEUEG TTOU

16: AettoupyoUV e pmatopieg. D D D D D

17. Ma(eluw KOLL AVOKUKAWVW TO XPNOLULOTIOLNUEVO D D D D D
xapti.

18. Ayopdiw miotonolnuéva BLoAoyikd TpodLa. I:l I:l D I:I I:l
3T ekSpopEg, aipvw poll avaukTikd o

= OUOKEUQOLEC pLag Xprnong. I:I I:I D I:l I:l
Kpatdw to xapti anod Ti¢ cUCKEVAGOLEC TV Swpwv

2 YLoL VaL TO EQVO(PNOLULOTIOLoW. D D D D D

’1. Yrootnpilw olkovouLkd TepLBAANOVTLKEG I:l I:I D I:l I:l

OPYOAVWOELG.
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B) N600 cUXVA KAVETE T TAPOKATW EKTOG OXOAEiOU;

Noté

Inavia

MepLKég
dopig

Tuyxva

MoAu
cuyxva

Z0oVOPNOLULOTIOLW TLG OOKOUAEG oo Ta Pwvia
pou.

22.

[l

[l

[l

[

[

23. Emuévw va KAvouue SLaKOTEG KOVTA OTO OTTiTL.

Tpww enoxlakd Guotkd mpoidvra (SnAadn, Ta

24, ) s ; 7
TPWW TNV ETIOXI TIOU TOPAYOVTOL KOVOVLKA).
25 2Ta TIAPTL XPNOLULOTIOLW TIAQLOTIKA oepPitota Kot
' motApLa.
2 To xewwva xapnAwvw tn Bépuavon otav pevyw
" oo TO XWPO HOU Lol TIEEPLOGOTEPO amd 4 WPEC.
27 Metdw ta Adela YUAALVO UTTOUKAALO OE KAS0

avakUKAwonG.

28. Xpnoluomolw TETPAdLa ano avakuUKAwUEVO xapTi.

Mpoonabw va nmelow Toug yoveig pou va

29. ; i : y
0YOPAOOUV EVEPYELOKA AMOSOTIKO AUTOKIVNTO.

30. NopayyéAvw Ttitoo OTO OTTiTL.

31. Tpww ot eotlatopla fast-food.

Emonuaivw og kamolov OTL N cupmnepldpopd Tou

4 Sev givat dkn tpog to reptBaAiov.
33 ZnTw oo TOUG YOVELG Mou va ayopalouV EMOXLOKA
" mpoidvta (Tnv MoK O TOPAyOVTaL KAVOVLKA).
34 Otav sipal to teAevtaio atopo mou ¢pelyel ano
* éva Swudrtio, oBAvw Ta dwta.
35 MabBaivw yla ta meptBarloviikd mpoBAnuata oo
" ta péoa evnuépwong (ebnuepideg, tnAedpaon,...).
36 Adnvw TIg NAEKTPLIKEG CUOKEUVEC (TLX. TNAEOPAON,

EKTUTIWTH, KTA.) O€ KATAOTOON AVALOVNAG.

37.  Elpat péhog kamotag mepPAANOVILKAG 0pYAVWONG.

ZKOTWVW EVTOMA XPNOLLOTIOLWVTOG XNILKA

Ak, EVTOHOKTOVAL.

39, MPOoTIUW HopKadOpoUG avTi yla UImoyLEG otav
lwypaodilw.

40. Mo va KpOTHow CNUELWOELS, TIAPVW XapTi Tou

€XELN6N XpnowomnolnBel otn pia mMAgupad.

O oo oooooooooooboodnd

OO oobooooooooooobooodn

OojoooooooooodooooOodo

Ooogoooooooododooodo

O oogoooogoooododoondod

EuXOpLloTOUME yia T cUppeTOX oag! NapakaAoUpe EAEYETE OTL EXETE ATIOVTIOEL O OAEG TLG EPWTNOELG.
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Eumvmsnﬂﬁé& g&'.,"om @AlA
- ’ ’
RS soceies Kwékog padntn:

HAwia

®ulo

Z0G EUXAPLOTOULE TIOU CUMUETEXETE OTNV £PEUVA P!

OL amavinoel 0aG O AUTO TO EPWTNUATOAOYLO €lvOl AVWVUUEG KOL EUMIOTEUTIKEG. Agv Ba TIg
SlaBacouv kat 6 Ba tig Babuoioyroouv ot ackalol kot ot SackAaAeg oag!

MNapakaAoUPE amavinoTe TOAU TIPOCEKTIKA - O KoBgvag POvog Tou Kol n kaBepia povn tnc. | O
XPNOLUOTIOLOETE UMAE | HAUPO OTUAOG. INUELWWOTE TNV ATMIAVTNON 0OC UE €va KabBapo X péoa oto b
mAaioto. Av kavete AaBog, yepiote 0AOkANPo to AdBog KouTi kat BAATe X 0To CWOTO. C!)i

) INUELWOTE MOPAKATW TNV ELKOVA TTOU MEPLYPAdEL KAAUTEPQ TN GXEON GaG E TO PUOLKO TtepLBAANOV.

-~~~ A -~ -~
/ £QUTO / £QUTO /eauté /eau 10 \d)L'Jc
] 3] 4[]

1] 2

//
\\

A) N660 oUXVA KAVETE TA TTOPOLKATW EKTOG Moté Inavia Mepkég Tuxva MoAv
oxolAeiou; dopég ouxva
1 I'Iapat’npw ) KOV W TIPOCEKTIKA TaL I:I I:I I:I I:l I:I
TIOUALA.
Adlepwvw xpoOVo yla va apatnpw ta
2 b ;
cUVvedQ OV TIEPVOUV. I:I I:I D I:l D
Adlepwvw XpoOVo yla va mapatnpw ta
s, b O O O O O
Adlepwvw XpOVo yla va Luplow Eva
A e ] ] ] ] ]
5.  Opovrtilw ta ¢putd. I:I D D I:l D

A) N6oo supdwveite 1 Stapwveite pe Tig Awdpwve Awdwved Iupdwved  ZupPWVE  Zupdwvw
aKOAoUOEG MPOTACELS; andéAvta KArwg anoAuta

B, E€okovopw vepod KAVOVTOG VTOUG, avti va I:l D I:l I:l D

KAVW UTTAVLIO O YEUATN UIMaVLEPQL.

7. Mou ap£€GEL N KNITOUPLKN). I:l I:l I:l I:l D

MpEmMeL VA KATAOKEUAGOU UE

8. TEPLOCOTEPOUG SPOLOUC, YLOL VO UTIOpOUV I:l D D D l:l

oL avBpwrot va tagidelouv otnv £oxn.

7
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H avBpwndtnta Oa e§adaviotel, av dev
{oUue o€ appovia pe tn puon.

Ae xpeldlovral mpootacia uévo ta utd

10. katta {wa mou éxouv Llaitepn onuacia I:l I:l l:l I:l D
yLO. TNV OLKovopiaL.
O BPOULKOG KATIVOG OO TLG KAULVASES TWV
11. : 7
Bropnxaviwy pe BupwVEL. D D D D D
H ¢dUon unopel mavrote va anokablotd
s TOV €aUTO TNC (Vo auTo-SlopBwvetal). D D D I:l D
Ta katowkidia {wa elval pén Tng
13. ¥
3 owoyévewss. [] [] [] [] []
14. OIT[}\OLW]U]C HOG EXEL QUTTEPLOPLOTOUG |:| I:I I:l I:l D
TIOPOUG.
To va koUW Toug NXoug TS duong, Le
15, KAVEL va YaAapwvw. D D D D D
Ag xpeLdlovtol epLOXEG abLEPWHEVES
16. , g .
. oTnV Mpootacia anetAoUUEVWY ELSWV. I:I I:I I:I I:I D
O avBpwrtol 6ev €xouv To Sikaiwpa va
17. ; " p 7
aAAalouv tn duon OwG Toug BoAeUEL. D I:l D D D
Ol avBpwrot urtepBarhouy, otav
B8 avnouxouv Teoo oAU yLa Tt pumavon. I:I I:I I:I I:l I:l
Ol avBpwrtot Sev elval o onuavtikol
e ard ta Ao mAdopata tng pvonc. D D D D D
Xpelaletal va petatpénoupe aon os yn
20. : ;
. Tiou Ba propoU e va KOAALEPYOULIE. I:l I:l I:l I:l EI
21, H nouyla tng $uong otnv umatdpo pou I:l I:l D I:l D

TipoKaAel avnouyia.

EuxaplotoU e yia tn cuppetoxn oog! NapakaloUpe eAEyETe OTL EXETE AMAVINOEL OAEG TIG EPWTHOELS.
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