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Hinweis auf diversitatsgerechten Sprachgebrauch:

Aus Griinden der besseren Lesbarkeit wird in der vorliegenden Arbeit fiir personenbezogene
Bezeichnungen das generische Maskulinum verwendet. Wann immer moglich, werden ge-
schlechteriibergreifende Pluralformen verwendet. Es wird an dieser Stelle ausdriicklich darauf
hingewiesen, dass die ausschlie8liche Verwendung der mannlichen Form geschlechtsunab-
hangig verstanden werden und alle Geschlechteridentitaten einbeziehen soll. In Abschnitten,
in denen explizit auf Geschlechterunterschiede eingegangen wird, werden die geschlechter-

spezifischen Bezeichnungen verwendet.






1 SUMMARY

1 SUMMARY

Biodiversity is threatened worldwide by anthropogenic influences. To counteract the continuing
loss of biodiversity is one of the greatest global challenges of our time. The protection of biolog-
ical diversity requires not only action at the political level but also the active and responsible par-
ticipation of citizens. Making environmentally relevant decisions as well as acting ecologically and
sustainably depends on scientific literacy. The acquisition of scientific knowledge is determined
by various factors, such as individual conceptions, motivation and interest. Educational measures
are considered to be a particularly suitable means to promote civic involvement, as they can im-
part environmental knowledge and can provide incentives to develop positive attitudes as well

as courses of responsible action.

Existing literature on individual conceptions about biodiversity is primarily focused on the gen-
eral public, while only a few studies so far have assessed students' perceptions. In view of possible
changes in awareness due to the increasing popularity of the topic and political education initia-
tives, such as the UN Decade of Biological Diversity (2011-2020) or the Agenda 2030 for Sustain-
able Development, the present study first examined the status quo in a sample of 275 10" graders
of Bavarian secondary schools. For this purpose, students' conceptions of the biodiversity con-
cept and the appreciation of biological diversity were analyzed using a qualitative approach
(study A). Conceptions about the biodiversity concept showed a familiar picture: most of the par-
ticipants equated biodiversity with species diversity, while genetic diversity and ecosystem diver-
sity were neglected. Nevertheless, the students showed a generally appreciative attitude towards
biodiversity. The benefits of biological diversity were viewed equally from both an anthropocen-
tric and an ecocentric perspective, whereas the conservation of biodiversity was predominantly

justified from an ecocentric point of view.

In study B, a curriculum compliant learning module on the protection and use of biodiversity was
developed. With the overall goal of promoting relevant knowledge and creating awareness for
the conservation of biodiversity, the topic was explored based on the example of the forest eco-
system. Following a student-centered and self-determined learning approach, the module was
planned and implemented by means of a learning circle with four learning stations. An important
component of the lesson was the integration of a citizen science project, for which the students
collected DNA barcoding samples in native forests. The study participants were thus involved in
an authentic scientific process and made a direct contribution to Bavarian biodiversity monitor-

ing within the scope of the project Barcoding Fauna Bavarica.

Studies Cand D focused on the empirical evaluation of the learning module. Previous knowledge,

short-term knowledge acquisition directly after participation in the module, and knowledge
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1 SUMMARY

retention after six weeks were measured using a pre-, post- and follow-up test. In addition, envi-
ronmental attitudes were measured at one test time and fascination for biology was recorded at
all test times. For external control, another group of students filled in the questionnaires without

participating in the module.

With regard to environmentally relevant knowledge, all students showed successful knowledge
acquisition, both in the short and long term (study C). Furthermore, knowledge was related to the
environmental values of the participants. At all test times, knowledge correlated positively with
notions of nature preservation but negatively with notions of nature utilization. In a sub-module
directly related to the Citizen Science activity, an unexpected result was found: half of the stu-
dents achieved higher knowledge scores in the post-test test than in the follow-up test. In addi-
tion, these students scored significantly higher on the attitude appreciation of nature than the

rest of the sample.

Furthermore, knowledge acquisition was clearly related to fascination for biology (study D). All
students learned in relation to their prior knowledge, but students with higher fascination scores
profited most since they retained what they had learned over the long term and achieved the

highest overall increase in knowledge.
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2 ZUSAMMENFASSUNG

2 ZUSAMMENFASSUNG

Die biologische Vielfalt ist weltweit durch anthropogene Einfliisse bedroht. Dem anhaltenden
Biodiversitatsverlust entgegenzutreten stellt eine der grof3ten globalen Herausforderungen un-
serer Zeit dar. Der Schutz der biologischen Vielfalt erfordert nicht nur Handeln auf politischer
Ebene, sondern auch die aktive und verantwortungsvolle Partizipation miindiger Biirger. Das
Treffen umweltrelevanter Entscheidungen sowie 6kologisches und nachhaltiges Handeln sind
abhangig von naturwissenschaftlicher Grundbildung. Deren Aneignung wird von verschiedenen
Faktoren, wie individuellen Vorstellungen, Motivation und Interesse, bedingt. Bildungsmafnah-
men gelten als in besonderem MaRe geeignetes Mittel biirgerschaftliches Engagement zu for-
dern, da sie umweltbezogenes Wissen vermitteln und Anreiz zur Entwicklung positiver Einstel-

lungen sowie verantwortender Handlungsalternativen geben kénnen.

Bestehende Literatur tber individuelle Vorstellungen zur Biodiversitat ist weitestgehend auf die
breite Offentlichkeit fokussiert und nur wenige Studien haben sich bisher mit Schiilervorstellun-
gen beschaftigt. Vor dem Hintergrund maoglicher Wahrnehmungsveranderungen bedingt durch
die zunehmende Popularitdt des Themas und politische Bildungsinitiativen, wie der UN Dekade
Biologische Vielfalt (2011-2020) oder der Agenda 2030 fiir nachhaltige Entwicklung, wurde in der
vorliegenden Arbeit zunachst der Status quo bei einer Stichprobe von 275 Schiilern der 10. Jahr-
gangsstufe des bayerischen Gymnasiums untersucht. Hierflir wurden Schiilervorstellungen zum
Biodiversitatskonzept sowie der Wertschatzung biologischer Vielfalt mittels eines qualitativen
Ansatzes erhoben (Teilarbeit A). In Bezug auf das Biodiversitatskonzept zeigte sich ein bekanntes
Bild: Der Grof3teil der teilnehmenden Schiiler setzte Biodiversitat mit Artenvielfalt gleich, wah-
rend genetische Vielfalt und Okosystemvielfalt vernachlassigt wurden. Ungeachtet dessen zeig-
ten die Schiiler eine allgemein wertschatzende Haltung. Der Nutzen der biologischen Vielfalt
wurde gleichermallen aus anthropozentrischer als auch aus 6kozentrischer Sicht betrachtet, wo-

hingegen der Erhalt der Biodiversitat Giberwiegend 6kozentrisch begriindet wurde.

In Teilarbeit B wurde ein lehrplankonformes Unterrichtsmodul zum Thema Schutz und Nutzen
der Biodiversitat entwickelt. Mit dem (bergeordneten Ziel, biodiversitdtsrelevantes Wissen zu
fordern sowie Bewusstsein flir den Schutz und Erhalt der Biodiversitat zu schaffen, wurde die The-
matik exemplarisch am Beispiel des Okosystems Wald erarbeitet. Einem schiilerzentrierten und
selbstbestimmten Lernansatz folgend, wurde das Modul in Form eines Lernzirkels mit vier Lern-
stationen geplant und durchgefiihrt. Wichtiger Bestandteil war die Einbindung eines Citizen-Sci-
ence-Projektes, fiir welches die Schiller Waldstreu-Proben aus Waldern ihrer Heimatregion sam-
melten. In Kooperation mit der Zoologischen Staatssammlung Miinchen wurden die Proben zu

einer DNA-Barcoding-Analyse innerhalb des Projektes Barcoding Fauna Bavarica herangezogen.

13



2 ZUSAMMENFASSUNG

Die Schiiler waren somit in einen authentischen wissenschaftlichen Prozess eingebunden und

leisteten einen direkten Beitrag zum bayernweiten Biodiversitatsmonitoring.

Die Teilarbeiten C und D konzentrierten sich auf die empirische Evaluation des Unterrichtsmo-
duls. Mittels eines Vor-, Nach- und Behaltenstests wurden das Vorwissen, der kurzfristige Wissens-
erwerb direkt nach der Teilnahme am Modul und die Behaltensleistung nach sechs Wochen ge-
messen. Zusatzlich wurden Umwelteinstellungen zu einem Testzeitpunkt und Faszination fiir Bi-
ologie zu allen Testzeitpunkten erfasst. Zur externen Kontrolle fiillte eine weitere Schiilergruppe

die Fragebdgen ohne Teilnahme am Modul aus.

Beziiglich des umweltrelevanten Wissens zeigte sich bei allen Schiilern ein erfolgreicher Wissens-
erwerb, sowohl kurzfristig als auch langfristig (Teilarbeit C). Das erworbene Wissen stand darliber
hinaus in einem positiven linearen Zusammenhang zu den bestehenden Umwelteinstellungen
der teilnehmenden Schiiler. Zu allen Testzeitpunkten korrelierte das Wissen positiv mit Natur-
schutz-Praferenzen und negativ mit Naturnutzungs-Préferenzen. In einem Teilmodul mit direk-
tem Bezug zu Citizen-Science-Aktivitat zeigte sich ein unerwartetes Ergebnis: Die Halfte aller
Schiiler erzielte im Behaltenstest hohere Wissenswerte als im Nachtest. In Bezug auf die Wert-
schatzung der Natur zeigten diese Schiiler signifikant héhere, positive Einstellungen als die Schi-

ler der Gibrigen Stichprobe.

Des Weiteren stand der Wissenserwerb in einem klaren Bezug zur Faszination fur Biologie (Teilar-
beit D). Zwar lernten alle Schiiler in Relation zu ihrem Vorwissen dazu, Schiler mit héherer Faszi-
nation profitierten jedoch insgesamt am meisten, da sie Gelerntes langfristig behielten und ins-

gesamt den hochsten Wissenszuwachs erzielten.
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3.1. Einleitung

»Man liebt nur, was man kennt, und man schiitzt nur was man liebt.”

Prof. Dr. Konrad Z. Lorenz, Verhaltensforscher (1903-1989)

Was veranlasst Menschen zu umweltgerechtem Verhalten? Welche Rolle spielen dabei Wissen,
personliche Einstellungen und Erfahrungen? Angesichts des anhaltenden Biodiversitatsverlustes
werden diese Fragen drangender denn je. Wissenschaftler warnen vor dem Eintreten eines sechs-
ten Massensterbens, ausgeldst durch anthropogene Einfliisse wie Konsumverhalten und Uber-
population (C. N. Johnson et al., 2017). Nach der allgemein anerkannten Definition der Biodiver-
sitatskonvention (engl. Convention on Biological Diversity, CBD) beschrankt sich der Begriff der
Biodiversitat jedoch nicht nur auf die Artenvielfalt, sondern schliet auch Okosystemvielfalt sowie
genetische Vielfalt ein (CBD, 2004). Daruiber hinaus bezieht sich biologische Vielfalt nicht nur auf
die Anzahl, sondern unter anderem auch auf die relative Haufigkeit, die Zusammensetzung, die
raumliche Verteilung und die Wechselwirkung von Arten, Genotypen oder funktionellen Grup-
pen innerhalb der Okosysteme (Diaz et al., 2006). Biodiversitit bedingt dadurch Okosystemfunk-
tionen und -dienstleistungen. Letztere sind Giiter und Leistungen, die von Okosystemen bereit-
gestellt werden und in direktem Bezug zu menschlichem Wohlbefinden stehen (Millennium Eco-
system Assessment, 2005). Beispiele sind die Bestaubung von Obstbliiten durch Insekten, die Be-
reitstellung des Rohstoffes Holz oder der Erholungswert von Naturraumen. Aufgrund dieses kom-
plexen Gefiiges ergeben sich weitreichende Folgen des Biodiversitatsverlustes fiir Natur und
Mensch, auf lokaler sowie globaler Ebene (Intergovernmental Science-Policy Platform on Bio-

diversity and Ecosystem Services, IPBES, 2019).

Der Schutz der Biodiversitat und die nachhaltige Nutzung der Natur ist seit Jahrzenten Teil der
globalen politischen Agenda. Bereits 1993 trat das Ubereinkommen iiber die biologische Vielfalt
in Kraft, welches bis heute von 196 Staaten unterzeichnet wurde und das Ziel verfolgt, den Verlust
der Biodiversitat signifikant zu reduzieren (CBD, 2004). Nachdem die zunachst bis 2010 gesetzten
Ziele nicht erreicht werden konnten, wurde fiir die Periode 2011-2020 ein strategischer Plan fir
den Erhalt der Biodiversitat verabschiedet und fir dessen Umsetzung die sogenannten Aichi-
Ziele formuliert (CBD, 2010). Im Jahr 2010 wurde au3erdem, auf Empfehlung der CBD, die UN-
Dekade fiir biologische Vielfalt fir die Jahre 2011-2020 ausgerufen, die zusatzlich zur Umsetzung
der Aichi-Ziele beitragen soll. Zur Eindammung des Biodiversitatsverlustes beziehen die Aichi-

Ziele auch eine verbesserte Wahrnehmung der Biodiversitdt und ihrer Leistungen in der
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Gesellschaft, sowie nachhaltiges Verhalten der Bevolkerung mit ein. Denn der Biodiversitatsver-
lust ist nicht allein durch Handeln auf politischer Ebene und die Fallung von Top-down-Entschei-
dungen reduzierbar (Ehrlich & Pringle, 2008). Vielmehr mussen unterschiedlichste Akteure und
die breite Offentlichkeit befihigt und gewillt sein, zum Schutz der Biodiversitit beizutragen. Da-

raus ergibt sich ein unmittelbarer Auftrag zur Biodiversitatsbildung.

Im schulischen Kontext findet Biodiversitatsbildung im Sinne einer Bildung fiir nachhaltige Ent-
wicklung (BNE) vorrangig im Biologieunterricht, jedoch in facherlbergreifender Zusammenar-
beit, statt (Sturm & Berthold, 2015). Das libergeordnete Ziel hierbei ist es, Lernende durch einen
Wissens- und Kompetenzerwerb fiir eine Wertschatzung der Biodiversitdt und fiir ein 6kologi-
sches Verantwortungsbewusstsein zu sensibilisieren (Novacek, 2008). Lernende sollen befadhigt
werden, Entscheidungen in Bezug auf sozio-6kologische Fragen zu treffen und Handlungsoptio-
nen kritisch abzuwdgen (Eggert & Bogeholz, 2009). Dabei stellt die Thematik Lehrende und Ler-
nende vor verschiedene Herausforderungen (Navarro-Perez & Tidball, 2012). Zum einen ist das
eingangs beschriebene Konzept der Biodiversitat komplex und verlangt eine didaktische Reduk-
tion, d.h. eine adressatengerechte Aufbereitung bei gleichzeitiger Wahrung der fachlichen Rich-
tigkeit (Killermann et al., 2018). Zum anderen hat das Thema Biodiversitat einen wertbehafteten
Charakter. Es handelt sich zwar grundlegend um eine wissenschaftliche Thematik, jedoch haben
die damit verbundenen Fragestellung weitreichende Auswirkungen auf die Gesellschaft (im engl.
Sprachraum werden Themen dieser Art als socio-scientific issues bezeichnet; Ratcliffe & Grace,
2003). Ein biodiversitatsbildender Ansatz muss daher neben einer wissenschaftlichen und 6kolo-
gischen Betrachtung auch soziale, politische, 6konomische und kulturelle Perspektiven einbezie-
hen (van Weelie & Wals, 2002). Zudem stehen Lehrkrafte bei der didaktischen Umsetzung unter
dem Druck zeitlicher Einschrankungen sowie der Einhaltung der Lehrplankonformitat (Gayford,

2000; Lindemann-Matthies & Bose, 2008).

Die vorliegende Arbeit widmet sich verschiedenen Teilaspekten der Biodiversitatsbildung. Den
Schwerpunkt bilden die Konzeption und Evaluation eines Unterrichtsmoduls, in dessen Mittel-
punkt ein Citizen-Science-Projekt steht. Die einzelnen Teilarbeiten Gberpriifen kognitive und af-
fektive Komponenten: Schiilervorstellungen zur Biodiversitat sowie den Erwerb biodiversitatsbe-
zogenen Wissens und dessen Zusammenhang zu Umwelteinstellungen und Faszination. Die Sy-
nopsis der Teilarbeiten gliedert sich in einen theoretischen und einen empirischen Teil. Zunachst
findet eine Auseinandersetzung mit dem aktuellen Forschungsstand zu den kognitiv-affektiven
Elementen und der unterrichtlichen Einbindung von Citizen Science statt (Kapitel 3.2.). Anschlie-
Bend werden, ausgehend von den wissenschaftlichen Fragestellungen (Kapitel 3.3.) und der an-
gewandten Methodik (3.4.), die Ergebnisse der Teilarbeiten dargestellt und in Bezug auf vorhan-

dene Literatur diskutiert (Kapitel 3.5.).
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3.2. Theoretischer Hintergrund

3.2.1. Schiilervorstellungen zur Biodiversitit

Eine individuelle Férderung von Lernenden ist eine der Hauptaufgaben schulischer Bildung und
gilt nach dem Bayerischen Gesetz tiber das Erziehungs- und Unterrichtswesen (BayEUG) als Recht
von Schiilern (Haag & Streber, 2014). Gleichzeitig sehen sich Lehrkréfte bei der Umsetzung eines
produktiven Umgangs mit der Heterogenitat von Schulklassen vor eine grof3e Herausforderung
gestellt (Grohlich et al., 2009). Heterogenitat bezieht sich hierbei auf individuelle soziale, kultu-
relle sowie leistungsbezogene Voraussetzungen von Schiilern (ebd.). Eine individuelle Forderung
der Lernenden erfordert die Bewusstmachung und die Auseinandersetzung mit deren Heteroge-
nitat. Individuelles Lernen innerhalb heterogener Schulklassen soll im Unterricht durch innere
Differenzierung (Binnendifferenzierung) geférdert werden. Deren Umsetzung kann nur auf
Grundlage und unter Beachtung der unterschiedlichen Lernvoraussetzungen der Lernenden er-
folgen, d.h. der Unterricht muss an den Vorerfahrungen und Vorkenntnissen der Schiiler ankniip-
fen (Prediger & Aufschnaiter, 2017). Einen dieser Ausgangspunkte fur erfolgreiches Lernen bilden

subjektive Vorstellungen von Schiilern.

Basierend auf lebensweltlichen Vorerfahrungen besitzen Schiiler individuelle Vorstellungen zu
einem Lerngegenstand. Diese vorunterrichtlichen Vorstellungen werden in der Fachliteratur
auch als Alltagsvorstellungen, Prakonzepte oder Schiilervorstellungen bezeichnet (Kattmann,
2007a). Ausgehend von einer moderat konstruktivistischen Auffassung konstruieren Lernende
ihr Wissen aktiv und selbstreguliert, indem sie auf bereits vorhandene Vorstellungen und Gelern-
tes zurlickgreifen und daran anknupfen (Riemeier, 2007). Schiilervorstellungen stimmen jedoch
nicht immer mit wissenschaftlichen Konzepten Uberein und nicht immer erscheinen wissen-
schaftliche Erklarungen zundchst plausibel oder alltagstauglich (Schrenk et al., 2019). Die indivi-
duellen Prakonzepte von Schiilern konnen daher sowohl Lernchancen darstellen als auch Lern-
schwierigkeiten verursachen (Kattmann, 2007b). Das radikale Ausléschen und Ersetzen von All-
tagsvorstellungen mit fachlich richtigen Konzepten im Sinne eines ,didaktischen Exorzismus”
(Gropengiel3er, 2006, S. 96), ist im Hinblick auf die beschriebene konstruktivistische Auffassung
von Lernen nicht anzustreben. Vielmehr sollten vorunterrichtliche Konzepte in Beziehung zu
fachlichen Vorstellungen gesetzt und kontextabhdangig betrachtet werden. Aufgrund ihrer
Schlisselrolle in Lernprozessen, ist die Erhebung und Erforschung von Schiilervorstellungen von
hoher Relevanz fiir die unterrichtspraktische Planung und die Effektivitat von Umweltbildungs-

maflnahmen.

Studien zu Vorstellungen (ber die biologische Vielfalt waren bisher hauptsachlich auf die Wahr-

nehmung der Biodiversitit in der breiten Offentlichkeit fokussiert. Studienteilnehmer aus ver-
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schiedenen europdischen Landern, den USA und Canada, zeigten dhnliche Prakonzepte: lber-
wiegend hatten sie eine geringe Kenntnis des Begriffs und ihre Vorstellungen von Biodiversitat
waren meist auf die Artenvielfalt reduziert (z.B. Arbuthnott & Devoe, 2014; Hunter & Brehm, 2003;
Lindemann-Matthies & Bose, 2008; Turner-Erfort, 1997). Jedoch konnten Teilnehmer in Fokus-
gruppen-Interviews, trotz geringer Vertrautheit mit dem Begriff der Biodiversitét, Assoziationen
zu Konzepten wie Nahrungsnetzen oder der Mensch-Umwelt-Beziehungen ziehen (Buijs et al.,
2008; Fischer & Young, 2007). Die seit 2007 dreijdhrlich stattfindende, reprasentative Interview-
Studie der Europaischen Kommission schlieB3t verschiedene Altersgruppen ab 15 Jahren ein, ver-
wendete allerdings fiir die deutschsprachige Stichprobe bis 2015 den Begriff ,Artenvielfalt” statt
des umfassenderen Begriffes ,Biodiversitdt”. In der Befragung 2015 wiesen deutsche und oster-
reichische Befragte im Vergleich zu den Vorjahren geringere Kenntnis der Biodiversitdt auf. Die
Autoren flhren dies auf die Verwendung des Begriffs ,Biodiversitat” zuriick, der im deutschen

Sprachraum wenig verbreitet scheint (European Comission, 2015).

Nur wenige Studien haben sich bisher explizit mit Schiilervorstellungen zur Biodiversitat befasst.
Zum Beispiel verglichen Menzel und Bégelholz (2006) die Vorstellungen von chilenischen und
deutschen Schilern. Bermudez und Lindemann-Matthies (2018) untersuchten das Verstandnis
von Biodiversitat bei argentinischen Jugendlichen und Kilinc et al. (2013) analysierten Alltagsvor-
stellungen bei tiirkischen Schilern. In allen drei Studien zeigte sich ein vergleichbares Bild: die
Vorstellungen der Schiler waren weitestgehend auf die Ebene der Artenvielfalt reduziert. Trotz-
dem stellten auch die Jugendlichen Bezlige zu assoziierten Konzepten, wie z.B. Nahrungsnetzen,

her.

3.2.2. Faszination als motivationale Lernvoraussetzung

Motivationale Fahigkeiten bilden einen weiteren Teilaspekt der Lernvoraussetzungen, die das
Lernen im Unterricht beeinflussen (Prediger & Aufschnaiter, 2017). Im unterrichtlichen Kontext
spielt Motivation eine fundamentale Rolle, da sie unter anderem entscheidend fiir die Anstren-
gung, das Engagement, den Lernerfolg sowie die Selbstkontrolle des Lernfortschritts von Lernen-
den ist (vgl. Schunk & Zimmerman, 2012). In der vorliegenden Arbeit wurde das motivationale

Konstrukt der Faszination in Zusammenhang zum Erwerb umweltrelevanten Wissens betrachtet.

Nach Otto et al. (2019) kann Faszination als die einstellungsbezogene Ebene intrinsischer Moti-
vation verstanden werden. Der konzeptionelle Ansatz des Konstruktes Faszination basiert auf
dem Drei-Komponenten-Modell der Einstellungen nach Rosenberg und Hovland (1960). Dem-
nach setzen sich Einstellung aus einer kognitiven, affektiven und verhaltensbezogenen Kompo-
nente zusammen. Faszination flr Naturwissenschaften stellt ein latentes Konstrukt dar, das nicht

direkt beobachtbar ist. Es wird aber anhand seiner drei Dimensionen messbar. Die kognitive
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Komponente spiegelt sich wider in der Wissbegierde einer Person und ihrer Bereitschaft, ihr Wis-
sen und ihre Fahigkeiten zu erweitern. Die affektive Dimension ist charakterisiert durch positive
Geflihle und Einstellungen gegeniiber Naturwissenschaften sowie emotionalen Reaktionen auf
naturwissenschaftliche Lerngegenstande. Die freiwillige Austibung von Aktivitdten mit Bezug zur

Naturwissenschaft spiegelt die verhaltensbezogene Dimension wider.

Wie stellt man sich also Schiiler vor, die besonders fasziniert von Naturwissenschaften sind? Sie
machen sich ihre eigenen Wissensliicken bewusst und sind gewillt den nétigen Aufwand zu be-
treiben, um diese zu schlie3en; sie haben groBe Freude daran, neue Kompetenzen und Fahigkei-
ten zu erlangen und suchen nach Moglichkeiten, ihren Erfahrungsschatz zu erweitern; sie be-
schéftigen sich auch in ihrer Freizeit regelmaBig mit naturwissenschaftlichen Themen und ihre

Freizeitaktivitdten haben Bezug zur Naturwissenschaft (vgl. Bonnette et al., 2019).

Bonnette et al. (2019) haben die Faszination folglich als die Liebe zur Naturwissenschaft bezeich-
net. Sie fassen unter dem Begriff der Faszination drei motivationale Aspekte zusammen, die sich
gegenseitig bedingen: Interesse, Neugier und Lernzielorientierung (engl. mastery goal orienta-
tion; Elliot & McGregor, 2001). Letztere beschreibt kurzgefasst ein Streben nach Wissenszuwachs
und nach der Beherrschung von Kompetenzen. Alle drei Aspekte sind Gegenstand intensiver psy-
chologischer und didaktischer Forschung und werden unter anderem in Verbindung mit Lerner-
folg gebracht (Harackiewicz et al., 2008; Hidi & Renninger, 2006; Markey & Loewenstein, 2014).
Das Konstrukt der Faszination und dessen Zusammenhang zu unterrichtlichem Lernen ist jedoch

bisher nur wenig erforscht.

3.2.3. Umweltwissen und Umwelteinstellungen

Neben personlichen Einstellungen, Interessen und Motivation, wird umweltbezogenem Wissen
eine bedeutende Rolle fiurr die Entwicklung umweltfreundlichen und nachhaltigen Verhaltens zu-
geschrieben (Kaiser et al., 2008). Grundlegendes 6kologisches Wissen und Verstandnis bilden die
Grundvorrausetzung fiir die Entwicklung der Fahigkeit sozio-6kologische Problemstellungen zu
bewerten, Handlungsoptionen abzuwdgen und umweltrelevante Entscheidungen zu féllen (vgl.
Hogan, 2002). Empirische Studien konnten wiederholt einen Zusammenhang zwischen Umwelt-
wissen und Umwelteinstellungen feststellen (z.B. Lieflander & Bogner, 2016; Schumm & Bogner,
2016a; Thorn & Bogner, 2018). Die Erfassung von Umweltwissen und Umwelteinstellungen inner-
halb verschiedener unterrichtlicher Kontexte und Altersgruppen ist daher von hoher Relevanz fiir

die Entwicklung effektiver UmweltbildungsmalZnahmen.

Wie die Faszination ist auch die Umwelteinstellung ein latentes Konstrukt, das nicht direkt be-
obachtbar ist, sondern Giber manifeste Indikatoren messbar gemacht werden muss. Ein validiertes

Messinstrument zur Erfassung von Umwelteinstellungen ist das 2-MEV-Modell (MEV: major
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environmental values, Wiseman & Bogner, 2003). Mittels des dichotomen Modells werden Um-
welteinstellungen anhand zweier zugrundeliegender, orthogonaler Dimensionen gemessen: Na-
turschutz-Préferenzen (preservation ; PRE) und Naturausnutzungs-Praferenzen (utilization ; UTL).
Naturschutz-Praferenzen spiegeln eine 6kozentrische Perspektive wider, aus welcher der Natur
ein Eigenwert zugeschrieben wird, den es zu erhalten gilt. Im Gegensatz dazu reflektieren Natur-
ausnutzungs-Praferenzen eine anthropozentrische Sichtweise, bei der die Natur als eine nutzbare
Ressource angesehen und deren Wert ausschlie8lich anhand des Nutzens fiir den Menschen be-
griindet wird. Die Faktorenstruktur des Modells wurde wiederholt bestatigt und erwies sich in
unabhangigen Studien als stabil (z.B. Borchers et al., 2014; B. Johnson & Manoli, 2010; Milfont &
Duckitt, 2004). Unlangst wurde das 2-MEV-Modell mit Einstellungen zur Wertschatzung der Natur
(appreciation of nature, APR; Briigger et al,, 2011) in Verbindung gebracht (Bogner, 2018). Die
wertschatzende Naturnutzungs-Prédferenz bildet den Gegenpol zur ausbeutenden Nutzung na-
tirlicher Ressourcen (utilization). Diese wertschatzende Haltung spiegelt sich in einer nachhalti-
gen und bewussten Nutzung der Natur und ihrer Okosystemdienstleistungen wider, z.B. fiir Zwe-

cke der korperlichen Regeneration oder Erholung (Kibbe et al., 2014).

3.2.4. Citizen Science im Kontext der Biodiversitatsbildung

Hobbywissenschaftler beobachten Stérche, melden Sichtungen von invasiven Pflanzenarten o-
der sammeln Plastikm{ill in Gewdassern — Citizen Science, zu Deutsch Biirgerwissenschaft, bezeich-
net einen Ansatz, bei dem Nicht-Wissenschaftler an der Erkenntnisgewinnung in authentischen
wissenschaftlichen Forschungsprozessen beteiligt sind (Eitzel et al., 2017). Bereits im 18. Jahrhun-
dert beteiligten sich interessierte Freiwillige an Vogelbeobachtungen in Finnland (Greenwood,
2007). Es handelt sich bei diesem Ansatz also um keine Neuentwicklung. Im letzten Jahrzehnt
gewann Citizen Science jedoch zunehmend an Bedeutung fiir die wissenschaftliche Forschung,
besonders fir die Umweltforschung (Dickinson et al., 2010). Naturschutz und Biodiversitat sind
Hauptthematiken wissenschaftlicher Veroffentlichungen zu Citizen Science (Follett & Strezov,
2015; Kullenberg & Kasperowski, 2016). Citizen Science bietet die Méglichkeit, die breite Offent-
lichkeit direkt in Aktivitdten zum Schutz der Biodiversitat einzubinden. Die Beteiligung von Bir-
gerwissenschaftlern hat bereits einen erheblichen Beitrag zum Biodiversitatsmonitoring geleistet
(Amano et al., 2016), das Potential von Citizen Science fiir die Biodiversitatsforschung ist jedoch

noch langst nicht ausgeschopft (Theobald et al., 2015).

Citizen-Science-Projekte werden nach der Intensitat der Beteiligung von Biirgerwissenschaftlern

(Citizen Scientists) klassifiziert (Frederking et al., 2016):
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1) Kooperation: Die Burger sind ausschlie8lich passiv beteiligt. Sie stellen zum Beispiel die
Rechenleistung ihres Smartphones zur Verfligung oder tragen Wearables, die Daten (iber
ihre Kérperfunktionen sammeln, um sie den Wissenschaftlern bereitzustellen.

2) Kollaboration: Unter Anleitung der Wissenschaftler erheben die Biirger Daten und leiten
diese weiter. Zum Beispiel melden Biirger Sichtungen von Feuersalamandern in lokalen
Waldern.

3) Ko-Produktion: Die Biirger sind an der Datenerhebung und -analyse beteiligt. Zum Bei-
spiel sammeln Hobbyimker den gesammelten Pollen ihrer Bienenvélker und untersu-
chen diesen hinsichtlich seiner Diversitat. Die Analysedaten zur Pollendiversitat werden
dann an Wissenschaftler weitergegeben.

4) Ko-Design: Biirger und Wissenschaftler erarbeiten gemeinsam Fragestellungen, wahlen
Methoden aus, erheben Daten, analysieren und diskutieren diese. Die volle Einbindung
von Citizen Scientists in den Forschungsprozess wird zum Beispiel zur Erforschung der
Erkrankung Mukoviszidose erprobt. Hierbei arbeiten Betroffene in einem Team mit For-

schern an einer gemeinsamen Studie.

Wahrend sich die Evaluation solcher Citizen-Science-Projekte zunachst in erster Linie auf den Nut-
zen der Methode fiir die wissenschaftliche Forschung (z.B. die Qualitat erhobener Daten) be-
schrankte, ist Citizen Science heute auch Gegenstand der Bildungsforschung (Bonney et al.,
2017). Vor allem im Hinblick auf den Wissenserwerb von Projektteilnehmern wurden bereits po-
sitive Ergebnisse berichtet. Seltener wurden Auswirkungen auf Interessen oder Einstellungen
festgestellt (einen Uberblick bieten Peter et al., 2019). Die Erkenntnisse hierzu wurden bisher pri-
mar im Bereich informeller Bildung gesammelt und nur wenige Studien haben Citizen Science in
formal unterrichtlichen Kontexten untersucht (Hiller & Kitsantas, 2014; Kelemen-Finan et al.,
2018). Trotz seines vielversprechenden Potentials hat Citizen Science bisher noch keinen Einzug

in die unterrichtliche Praxis genommen (Shah & Martinez, 2016).
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3.3. Ziele und Fragestellungen der Teilarbeiten

Die vorliegende Arbeit beschaftigt sich mit Aspekten der Biodiversitatsbildung. Dabei liegt der
Fokus zunachst auf der Erfassung von Schiilervorstellungen und Vorwissen zur Biodiversitat (Teil-
arbeit A). Mit dem Ziel, umweltrelevantes Wissen sowie die Wertschatzung der biologischen Viel-
falt zu fordern, wurde ein exemplarisches Unterrichtsmodul zum Nutzen und Schutz der Biodiver-
sitat am Beispiel des Okosystems Wald fiir die 10. Jahrgangsstufe entwickelt (Teilarbeit B). Auf
Grundlage des Moduls wird der kurz- und langfristige Wissenserwerb unter den Einflussfaktoren

Umwelteinstellungen (Teilarbeit C) und Faszination fiir Biologie (Teilarbeit D) untersucht.

Teilarbeit A Teilarbeit B Teilarbeit C Teilarbeit D

Konzeption des
Vorwissen und Unterrichtsmoduls biodiversitdtsbezogenes | biodiversitdtsbezogenes
Schilervorstellungen «Wald mit Zukunft” Wissen Wissen
zur Biodiversitat & &

Umwelteinstellungen = Faszination fir Biologie

Wald mit Zukunft

qualitativer Ansatz quantitativer Ansatz quantitativer Ansatz

Abbildung 1: Ubersicht tber die vier Teilarbeiten der Gesamtstudie.

Teilarbeit A: Schiilervorstellungen zur Biodiversitat

Wie bereits beschrieben sind, insbesondere im deutschsprachigen Raum, nur wenige Studien auf
Vorstellungen von Schiilern zur Biodiversitat fokussiert. DarGber hinaus lassen gesellschaftlicher
Wandel sowie im letzten Jahrzehnt initiierte politische BildungsmaRnahmen, wie zum Beispiel
die UN-Dekade Biologische Vielfalt, auf eine veranderte Wahrnehmung der Biodiversitat hoffen.
Auf Grund der Relevanz von Schiilervorstellungen fiir die MaBnahmen der Biodiversitatsbildung,
werden in dieser ersten Teilarbeit Prakonzepte von Jugendlichen zur Biodiversitat, ihrer Nutzung

und ihres Schutzes erfasst.
Die daraus abgeleiteten Fragestellungen lauten:

1. Welches Vorwissen und welche Vorstellungen haben deutsche Jugendliche zum Konzept
der Biodiversitat?

2. Welche Vorteile oder welchen Nutzen schreiben sie der Biodiversitat zu?

3. Welche Vorstellungen kénnen beziiglich des Schutzes der Biodiversitat identifiziert wer-

den?
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Teilarbeit B: Entwicklung eines Unterrichtsmoduls zur Biodiversitdtsbildung

Ubergeordnetes Ziel der Teilarbeit B ist die Entwicklung eines geeigneten Unterrichtsmoduls zur
Biodiversitatsbildung, welches den Inhalten des giiltigen Lehrplans flr bayerische Gymnasien
(G8) entspricht. Das GroBthema Okologie wird sowohl in der 10. als auch der 12. Jahrgangsstufe
behandelt (Staatsinstitut fiir Schulqualitdt und Bildungsforschung Miinchen [ISB], 2004)." Da Bi-
ologie ab der 11. Klasse nur Wahlpflichtfach ist und Giberwiegend von interessierten Schiilern be-
sucht wird, wird das Unterrichtsmodul flr die 10. Jahrgangsstufe konzipiert. In der Praxis ist eine
Durchfiihrung in der 12. Klasse jedoch durchaus ohne gro3e konzeptionelle Verdanderungen rea-
lisierbar. Im Lehrplan der 10. Jahrgangsstufe werden die Themenfelder Nachhaltigkeit und der
Zusammenhang zwischen Okologie und Okonomie als facheriibergreifende Aspekte vorgeschla-
gen. Mit dem Ziel, vernetztes Lernen zu erméglichen, werden beide Themenfelder in das Unter-
richtsmodul aufgenommen. Um eine mdglichst effektive und an das Alter der Schiiler angepasste
Lernumgebung zu schaffen, soll der Unterrichtsansatz selbstbestimmtes und schiilerzentriertes
Lernen ermoglichen. Insgesamt sollen durch das Lernmodul ein langfristiger Wissenserwerb und

das Verantwortungsbewusstsein fiir den Schutz der Biodiversitat gefordert werden.

Teilarbeit C: Wissenserwerb und dessen Zusammenhang zu Umwelteinstellungen

Der Schwerpunkt der dritten Teilarbeit liegt auf dem Erwerb umweltrelevanten Wissens. Dabei
soll die Effektivitdt des entwickelten Unterrichtsmoduls mittels eines Wissensfragebogens zur
Biodiversitat Gberprift werden. Darlber hinaus soll ein Zusammenhang zwischen dem Lerner-
folg und den Umwelteinstellungen der Schiler untersucht werden. Es wird erwartet, dass eine
Teilnahme am Lernmodul sowohl einen kurz- als auch einen langfristigen Wissenszuwachs in al-
len Teilmodulen bedingt. Des Weiteren wird vermutet, dass positive Umwelteinstellungen einen
positiven Einfluss auf die kognitive Leistung der Schiler ausiiben, wohingegen sich negative Ein-

stellungen hinderlich fiir den Wissenserwerb auswirken.

' Hinweis zur Einfiihrung eines neuen Lehrplans an bayrischen Gymnasien: Aufgrund der Riickkehr zum
neunjahrigen Gymnasium, wird seit Beginn des Schuljahres 2017/18 sukzessive der neue LehrplanPLUS
eingefiihrt (ISB, 2017). Dadurch ergibt sich fiir das Thema Okologie eine Anderung in der Jahrgangsstufen-
verteilung. Ab dem Schuljahr 2020/21 werden die Inhalte des in der Teilarbeit B entwickelten Unterrichts-
moduls bereits in der 8. statt in der 10. Jahrgangsstufe behandelt. Gleichbleibend erfolgt die vertiefte Be-

handlung der Thematik in der 12. Klasse.
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Die konkreten Fragestellungen lauten:

1. Inwiefern wirkt sich die Teilnahme am Lernmodul auf den kurz- und langfristigen Wis-
senserwerb der Schiiler innerhalb der Teilmodule und des Gesamtmoduls aus?
2. Inwiefern steht die Umwelteinstellung der Schiiler im Zusammenhang zu einem erwar-

teten Wissenserwerb?

Teilarbeit D: Wissenserwerb im Zusammenhang mit Faszination fiir Biologie

In der letzten Teilarbeit steht der motivationale Aspekt und dessen Einfluss auf die kognitive Leis-
tung der Schiiler im Vordergrund. Es soll festgestellt werden, ob ein Zusammenhang zwischen
der einstellungsbezogenen Motivation, d.h. der Faszination fiir Biologie, und dem Vorwissen oder
der Lernleistung der Schiiler innerhalb des Unterrichtsmoduls besteht. Da bereits positive Zu-
sammenhadnge zwischen Interesse sowie Motivation und dem Lernen BNE-bezogener Themen
beschrieben wurden (z.B. Bickel et al., 2015; Schumm & Bogner, 2016b), ist davon auszugehen,
dass auch die Faszination im Zusammenhang mit der Lernleistung steht. Vor diesem Hintergrund

leiten sich folgende Forschungsfragen ab:

1. Inwiefern wirkt sich die Faszination fiir Biologie auf den Wissenserwerb vor und nach der
Teilnahme am Unterrichtsmodul aus?

2. Kann eine dreistiindige Intervention zum Thema Biodiversitat die Faszination fiir Biologie
der teilnehmenden Schiiler beeinflussen?

3. Inwiefern lassen sich geschlechtsspezifische Unterschiede in Bezug auf die Faszination

fir Biologie feststellen?
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3.4. Methoden

3.4.1. Stichprobe und Studiendesign

Im Winterhalbjahr 2017/2018, nahmen insgesamt 275 Schiiler der 10. Jahrgangsstufe aus 12
Schulklassen bayerischer Gymnasien (Maier+SD = 15,3+0,7; 46,5% weiblich) am Unterrichtsmodul
und der Begleitstudie teil. Eine kleinere Gruppe, bestehend aus 35 Schilern zweier weiterer
Schulklassen (MarerSD = 15,5+0,6; 77,1% weiblich), fillte als Kontrollgruppe lediglich die Frage-
bdgen aus, ohne am Modul teilzunehmen. Die Teilnahme an der Gesamtintervention erforderte
sowohl das schriftliche Einverstandnis der Eltern als auch der Schiiler. Das Bayerische Staatsmi-
nisterium fir Bildung und Kultus, Wissenschaft und Kunst genehmigte die Erhebung der Daten

mit dem Schreiben unter Aktenzeichen X.7-BO5106/160/12, vom 22.09.2017.

Die Datenerhebung erfolgte zu drei Testzeitpunkten mittels Papierfragebogen. Der erste Frage-
bogen wurde etwa ein bis zwei Wochen vor der Teilnahme am Modul ausgefiillt (Vortest - TO), ein
zweiter folgte direkt nach dem Unterricht (Nachtest - T1) und ein dritter ca. 6 Wochen im An-
schluss an die Teilnahme (Behaltenstest - T2). Die Kontrollgruppe erhielt alle drei Fragebdgen
ebenfalls in entsprechenden zeitlichen Abstanden. Das Ausfiillen der Tests nahm jeweils ca. 20
Minuten Zeit in Anspruch, den Schiilern wurde jedoch keine Testzeitbegrenzung gesetzt. Um die
Fragebogen der drei Testzeitpunkte eines Individuums einander zuordenbar zu machen, wurde,
unter Wahrung der Anonymitat, jeweils ein pseudonymisierter Code bestehend aus Geschlecht,
Geburtsmonat- und Jahr sowie den Anfangsbuchstaben der Mutter und der eigenen Hausnum-
mer angegeben. Bedingt durch die drei Testzeitpunkte kam es vereinzelt zu Probandenausfallen.
In die Auswertung der Teilarbeiten wurden ausschlief3lich vollstandige Datensatze einbezogen,

was eine Variation in den Stichprobenzahlen der Teilarbeiten bedingt.

3.4.2. Ausfithrliche Beschreibung des Unterrichtsmoduls (Teilarbeit B)

Das Unterrichtsmodul ,Wald mit Zukunft - Biodiversitat schiitzen und nitzen” wurde fiir 4 Schul-
stunden (180 min) konzipiert. Die Durchfiihrung der Interventionen fand fur alle teilnehmenden
Schulklassen wahrend regularer Schulstunden und unter Anleitung sowie Betreuung der Autorin
statt. Die Lehrkrafte wurden gebeten, das Thema Biodiversitadt nicht vor Beginn der Interventions-
studie zu behandeln und eine Nachbereitung erst nach Bearbeitung des Behaltenstests vorzu-
nehmen. Allerdings setzte die Teilnahme am Unterrichtsmodul Grundkenntnisse tber 6kologi-
sche Konzepte (z.B. biologisches Artkonzept oder die Begriffe Okosystem, Biotop und Biozénose)
voraus, die von den Lehrkraften vor der Intervention thematisiert werden sollten. Notiges Vorwis-
sen zur Genetik sollte den Schiiler im Sinne des kumulativen Lernens bereits aus der 9. Jahrgangs-

stufe bekannt gewesen sein.
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Zentraler Bestandteil des Unterrichtsmoduls war eine kollaborative Citizen-Science-Aktivitat in-
nerhalb eines DNA-Barcoding-Projekts, das in Zusammenarbeit mit der Zoologischen Staats-
sammlung in Miinchen (ZSM) durchgefiihrt wurde. DNA-Barcoding ist eine Methode fir die ge-
netische Bestimmung von Arten (Hebert et al., 2003). Analog zu EAN-Strichcodes, die Waren an
einer Supermarktkasse eindeutig identifizierbar machen, bedient man sich kurzer Genabschnitte
(sog. Markergene) zur Artenidentifizierung. Diese sogenannten DNA-Barcodes sind fir jede Art
einzigartig und machen sie eindeutig bestimmbar. Um eine Art zu identifizieren muss also der
artspezifische Genabschnitt (bei Tieren meist das mitochondriale CO1-Gen) sequenziert und,
ahnlich zu einem Fingerabdruck, mit einer Datenbank abgeglichen werden. Die Methode ist also
abhangig von einer DNA-Barcoding-Datenbank, der globalen BOLD-Datenbank (Barcode of Life
Data Systems), in der Referenztiere mit deren zugehorigen Barcodes abgelegt sind. Die Wissen-
schaftler der ZSM arbeiten innerhalb nationaler Projekte daran, die Datenbank mit den DNA-Bar-
codes aller deutschen Tierarten zu ergdanzen (Moriniéere et al., 2016). Die teilnehmenden Schiiler
sammelten fur diesen Zweck Waldbodenproben in Waldern ihrer ndheren Umgebung. Die ent-
haltenen Bodenlebewesen wurden der ZSM zugesandt. Die Schiiler konnten dadurch Teil eines
authentischen wissenschaftlichen Prozesses werden und leisteten einen direkten Beitrag zur Er-
fassung von Biodiversitdt. Um eine korrekte Sammlung der Proben zu gewahrleisten, erhielten
die Schiiler ein Protokoll zur Entnahme der Bodenprobe. Hierin waren sowohl eine Anleitung zur
Probennahme als auch Arbeitsauftrage enthalten. So sollten die Schiiler unter anderem die GPS-
Koordinaten als auch eine detaillierte Beschreibung des Fundortes festhalten. Nach Abschluss der
DNA-Barcoding-Analysen, erhielten die Schulklassen einen Brief, der die eigenen Ergebnisse und
die Befunde der anderen teilnehmenden Schulklassen darlegte. Die Schiiler wurden somit (iber
den Gesamterfolg des Projekts informiert. Die Briefe erreichten die Schiiler erst nach dem Behal-
tenstest, da die Aufbereitung der Proben, z.B. das Fotografieren der einzelnen Sammlungstiere,

einige Monate in Anspruch nahm.

Das Unterrichtsmodul behandelte verschiedene Aspekte des Schutzes und Nutzens der Biodiver-
sitdt exemplarisch am Beispiel des Okosystems Wald. Dieses Beispiel wurde gewéhlt, um einen
alltagsnahen Kontext sowie einen Bezug zur Lebenswelt der Schiiler herzustellen und das Thema
Biodiversitat dadurch greifbarer werden zu lassen. Im Sinne eines schiilerzentrierten und -selbst-
bestimmten Ansatzes wurde fiir die methodische Umsetzung der Lerninhalte die kooperative Un-
terrichtsform ,Lernen an Stationen” ausgewahlt. Hierfiir wurden unterschiedliche thematische
Aspekte des Themas in vier Lernstationen bzw. Teilmodule organisiert. Diese wurden in Form von
Arbeitsstationen im Klassenraum aufgebaut, die alle nétigen Arbeits- und Informationsmateria-
lien fur die Schiler bereithielten. Das Stationenlernen ist eine unterrichtsorganisatorische Dimen-

sion der inneren Differenzierung und soll im Rahmen des Unterrichtsmoduls dazu dienen, die

26



3 SYNOPSIS

individuellen Starken der Schiiler zu beriicksichtigen und individuell zu férdern (vgl. Haag & Stre-

ber, 2014).

Nach einer Einflihrungsphase erhielt jeder Schiiler ein Arbeitsheft, das allgemeine Erklarungen
zusammenfasste und die expliziten Arbeitsauftrage zu jeder Lernstation beinhaltete (siehe exter-
ner Anhang). AuBerdem enthielt das Arbeitsheft einen kurzen Einleitungssatz oder -text zu jeder
Station. Dieser sollte dazu beitragen das Interesse der Schiiler fiir die jeweilige Lernstation zu we-
cken und eine Fragehaltung bewirken. Anschlie3end arbeiteten die Schillergruppen, von Station
zu Station wechselnd, selbststandig und selbstverantwortlich in Kleingruppen zu je 3-4 Schilern.
Jede Gruppe bearbeitete die Arbeitsauftrage im eigenen Lerntempo und war selbstverantwort-
lich daftr, alle vier Lernstationen im vorgegebenen zeitlichen Rahmen zu durchlaufen. Alle Stati-
onen waren mindestens doppelt vorhanden, um einen kontinuierlichen Arbeitsfluss gewahrleis-
ten zu kénnen. Inhaltlich stehen die Lernstationen zwar im engen Zusammenhang, kdnnen aber
in jeglicher Reihenfolge bearbeitet werden. Zu jeder Station wurden neben den obligatorischen
auch optionale Zusatzaufgaben fiir besonders leistungsstarke Schiillergruppen bereitgestellt. Fiir
einzelne, besonders herausfordernde Aufgaben wurden Hilfestellungen (in Form von gestuften
Lernhilfen) in verschlossenen Umschldagen an den Stationen bereitgestellt. Darliber hinaus waren
die Schiler dazu aufgefordert, ihre erarbeiteten Lésungen nach jeder Station anhand eines am

Lehrerpult ausliegenden Losungsheftes zu tiberprifen.

Die Einfiihrungsphase vor Beginn der Stationenarbeit fokussierte thematisch das Konzept der
Biodiversitat unter Berlicksichtigung aller drei Ebenen. Neben der Einfliihrung des Konzeptes
sollte auch oben genanntes Vorwissen aktiviert und wiederholt werden, um bei allen Schiilern
einen gleichen Wissensstand voraussetzen zu kénnen. Hierfiir wurden bereits die Schiilergrup-
pen gebildet und an jede Gruppe 21 Bildkarten zu den drei Ebenen der Biodiversitat verteilt. Auf
den Bildern waren verschiedene Okosysteme (z.B. Korallenriff, Wiiste, etc.), verschiedene Waldle-
bewesen (z.B. Reh, Wildschein, etc.) und verschiedenfarbige eurasische Eichhérnchen zu sehen
(genetische Vielfalt innerhalb einer Art). Den Schiilern war die Thematik und die Zugehorigkeit
der Bilder zu den Biodiversitatsebenen jedoch noch nicht bekannt. Die Schiiler sollten die vielen
Bilder zundchst in eine fir sie sinnvolle Ordnung bringen. AnschlieBend erhielt jede Gruppe vier
kurze Textkarten zur Biodiversitat und den drei Ebenen Vielfalt der Arten, Gene und Okosysteme.
Jedes Gruppenmitglied musste je einen Text lesen und die enthaltenen Informationen anschlie-
Bend der restlichen Gruppe erklaren. Daraufhin waren die Schiiler aufgefordert, die Ordnung der
Bilder zu liberdenken und gegebenenfalls zu verbessern. Verschiedene Losungsvorschlage wur-
den im Plenum diskutiert, sowie die Bilder und deren Zusammenhang zu den drei Ebenen der
Biodiversitat besprochen. Zuletzt mussten die Schiiler den Begriff ,Biodiversitat” mit eigenen

Worten definieren. Die Losungen wurden im Plenum beurteilt.
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An Lernstation 1 — ,Dienstleister Wald” arbeiteten die Schiiler auf Grundlage einer von der Auto-
rin entworfenen Internetseite (www.waldmitzukunft.de). Inhaltlich bezog sich die Station vorran-
gig auf die Okosystemdienstleistungen des Waldes, die in vier Kategorien aufgeteilt werden kén-
nen: Basisleistungen (z.B. Bodenbildung), Versorgungsleistungen (z.B. Bereitstellung des Rohstof-
fes Holz), Regulierungsleistungen (z.B. Klimaregulation) und kulturelle Leistungen (z.B. der Wald
als Ort der Erholung). Anhand eines interaktiven Bildes (siehe Abbildung 2) konnten die Schiiler
die Dienstleistungen des Waldes an verschiedenen Beispielen erkunden und erstellten mit Hilfe
der dargebotenen Informationen eine Mind-Map in ihrem Arbeitsheft. In einer weiteren Aufgabe
sollten sich die Schiiler Alltagstipps liberlegen, um selbst einen Beitrag zum Schutz des Waldes

zu leisten (z.B. durch die Verwendung von Recyclingpapier).

Bewege die Maus liber das Bild, um die Dienstleistungen des Waldes zu entdecken.

Abbildung 2: Bildschirmfoto des interaktiven Waldbildes der Aufgabe 1 der ersten Lernstation. Bei Mausklick auf einen
der klickbaren Bereiche (z.B. Holzstapel) erscheint eine Unterseite der Website mit einem Informationstext zur jeweili-
gen Okosystemdienstleistung (z.B. Bereitstellung der nachwachsenden Ressource Holz).

Lernstation 2 — ,Jede Art zahlt!” bot den Schulern mittels einer interaktiven PowerPoint-Prasen-
tation einen vertieften Einblick in die Methode des DNA-Barcodings und deren Relevanz fiir den
Naturschutz. Die Schiiler erarbeiteten also nicht nur wie die genetische Artbestimmung funktio-
niert, sondern auch wie die Methode das Biodiversitatsmonitoring erleichtern und beschleunigen
kann. So reichen beispielsweise kleinste DNA Mengen in Gewasserproben aus, um die enthalte-
nen Arten zu bestimmen. Auch Larvenstadien von Insekten kdnnen praziser und einfacher be-
stimmt werden. DarUber hinaus erfuhren die Schiiler an dieser Station, wie ihre gesammelten Bo-
denproben zu der Entwicklung der internationalen BOLD-Datenbank und damit im Umkehr-

schluss auch dem libergeordneten Ziel des Biodiversitatsschutzes beitragen.
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An Lernstation 3 - ,Verborgene Vielfalt” setzten sich die Schiiler vertieft mit den Bodenlebwesen
des Okosystems Wald auseinander. Dabei wurde sowohl die Artkenntnis als auch das Wissen tiber
die Aufgabe der Bodenlebewesen im komplexen Okosystem geférdert. Die Schiilergruppen er-
hielten acht Probenréhrchen, die mit vergalltem Alkohol konservierte Bodenlebewesen enthiel-
ten (u.a. Pseudoskorpion, Springschwanz und Bodenspinne). Diese sollten unter einem Mikro-
skop betrachtet und mit Hilfe eines vereinfachten, dichotomen Bestimmungsschliissels bestimmt
werden. Anschlielend konnten die Schiiler ihre erworbene Artenkenntnis anhand eines Boden-
tier-Memory-Spiels erproben und sich gleichzeitig Wissen liber die Lebensweise der Bodenorga-
nismen erarbeiten. Zuletzt sollten die Schiiler die Aufgabe der Bodenlebewesen als Destruenten
erklaren. Als Hilfestellung diente ein didaktisch reduziertes Stoffflussdiagramm des Okosystems

Wald.

Die Lernstation 4 - ,Zukunftswald” handelte von der Bedrohung deutscher Walder durch Ein-
flisse des Menschen. In einem Zukunftsszenario im Jahr 2050 wurde eine Fichtenmonokultur
weitestgehend von Klimaveranderungen und daraus resultierender starker Trockenheit, schwe-
ren Sturmschdaden und Borkenkdferkalamitaten zerstort. Nachdem sich die Schiiler mittels Infor-
mationstexten liber die genannten Gefahren fiir das Okosystem Wald auseinandergesetzt hatten,
schliipften sie in die Rollen verschiedener Interessensgruppen, um eine Lésung fir den ,Zu-
kunftswald” zu finden. Wie kann der Schutz der Biodiversitat und die Waldnutzung vereinbart
werden? Die Schiiler waren dazu aufgefordert die Fehler zu erértern, die zur Bedrohung des Wal-
des gefiihrt hatten und sie sollten in einem Rollenspiel einen firr alle Interessensgruppen tragba-
ren Kompromiss flr die Zukunft des Waldes finden. Das Beispiel der naturfernen Fichtenmono-
kultur wurde gewahlt, da dieses im starksten Kontrast zu einem naturnahen Mischwald steht und

den bayerischen Schiilern aus ihrer unmittelbaren Umgebung bekannt sein dirfte.

In der Abschlussphase fanden sich alle Schiiler wieder im Plenum zusammen. Gemeinsam mit
der Betreuerin wurden die Arbeitsauftrage der vier Lernstationen nachbesprochen. Offene Fra-
gen wurden beantwortet und die Ergebnisse der Schiilergruppen gegebenenfalls erganzt oder
verbessert. Diese Gesamtsicherung sollte gewahrleisten, dass alle Ergebnisse in korrekter Form

schriftlich fixiert und alle Schiiler auf einen gemeinsamen Wissensstand gebracht werden.

3.4.3. Erhebungsinstrumente und Datenauswertung

Statistische Verfahren der klassischen Testtheorie wurden mit dem Programm /BM SPSS Statistics
Version 24(IBM Corp., 2016) durchgefiihrt. Unter Annahme des zentralen Grenzwertsatzes wurde
auf Grund der Stichprobenzahl parametrisch getestet (Wilcox, 2012). Dariliber hinaus gelten die
in den Teilarbeiten hauptsachlich verwendeten Verfahren t-test und ANOVA als relativ robust ge-

genlber einer Verletzung der Normverteilungsannahme (ebd.). In Teilarbeit D wurde auf3erdem
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ein Verfahren der probabilistischen Testtheorie angewandt, welches mit der Computersoftware

ACER ConQuest (Adams et al., 2015) ausgewertet wurde.

Die in den Teilarbeiten verwendeten Instrumente wurden gemeinsam in langeren Fragebdgen
abgefragt. Einige Forschungsfragen verlangten eine wiederholte Abfrage von Messinstrumenten
zu allen Testzeitpunkten. Um systematische Antwortverzerrungen durch Fragereihenfolgeef-
fekte (z.B. Ausstrahlungseffekte von einer Frage auf eine darauffolgende Frage) zu vermeiden,

wurde die ltem-Reihenfolge im Nach- und Behaltenstest variiert (Schnell et al., 2018).

In Teilarbeit A wurden, basierend auf drei offenen Fragen, Vorwissen und Vorstellungen der
Schiller zur Biodiversitat, ihrem Nutzen und Schutz erhoben. Da zur Beantwortung der For-
schungsfragen nur die Antworten aus dem Vortest von Relevanz waren, konnten die Datensatze

aller Schiiler (N=275) in die Analyse aufgenommen werden. Der Wortlaut der drei Testfragen war:

1. Was verstehen Sie unter dem Begriff Biodiversitat (= biologische Vielfalt)?
2. Furwen oder was kann die Biodiversitat von Nutzen sein? Begriinden Sie lhre Antwort.

3. Sollte die Biodiversitat geschiitzt werden? Begriinden Sie lhre Antwort.

In der ersten Frage wurde der Begriff ,biologische Vielfalt” erganzend zu ,Biodiversitat” verwen-
det, da dieser in der deutschen Alltagssprache haufig Verwendung findet und Schiilern nicht
zwingend der wissenschaftliche Begriff geldufig ist. Frage zwei und drei erforderten von den
Schiilern eine begriindete Antwort. Dadurch sollten moglichst aufschlussreiche Antworten mit
relevanten Informationen erzielt werden. Zum anderen sollte die Forderung einer Begriindung,
besonders bei Frage drei, der Antwortverzerrung durch Akquieszenz, d.h. der inhaltsunabhangi-
gen Tendenz zur Zustimmung (auch als Ja-Sage-Tendenz bezeichnet) oder dem sozial erwiinsch-
ten Antwortverhalten entgegenwirken (Schnell et al., 2018). Des Weiteren gaben vorgegebene

Linien unter jeder Frage Hinweis auf den erwarteten Umfang der Antworten.

Die Schiilerantworten wurden nach Mayring (2001) mittels einer Kombination aus qualitativer
Inhaltsanalyse mit anschlieBender Quantifizierung der Ergebnisse ausgewertet. Hierfiir wurde
ausgehend von den Schiilerantworten ein Kategoriensystem fiir jede Frage entwickelt. Bei dieser
sogenannten induktiven Kategorienbildung (auch induktive Kodierung genannt) entstehen die
Kategorien aus dem zu analysierenden Textmaterial heraus. Bei diesem Prozess werden zunachst
breit angelegte Kategorien immer weiter verfeinert, um letztlich pro Frage eine geringe Anzahl
préziser Kategorien zu erhalten. Eine Uberkategorie kann dariiber hinaus in mehrere Unterkate-
gorien aufgefachert werden. Da eine Antwort aus mehreren Teilantworten bestehen kann, sind
Mehrfachzuordnungen maoglich. In der vorliegenden Arbeit wurden Einzelantworten, die keine
eigene Kategorie bildeten, unter der Kategorie ,Sonstige” zusammengefasst. Im Falle, dass Schii-

ler ihre Unkenntnis ausdriickten oder inaddquate bzw. unangemessene Antworten gaben,
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wurden diese AuBerungen als ,keine Antwort” gewertet. Zur Quantifizierung der Ergebnisse wur-
den die Antworten pro Kategorie aufsummiert und die Haufigkeit, mit der die Kategorien in den

Antworten der Gesamtstichprobe auftraten, in Prozent berechnet.

Zur Uberpriifung der Objektivitit des entwickelten Kategoriensystems, wurde eine Inter- und In-
trarater-Reliabilitdt bestimmt, die das MaB der Ubereinstimmung verschiedener Personen (sog.
,Rater”) bei der Kategorienzuordnung angibt. Hierfiir wurde fiir jede Frage eine Zufallsauswabhl
von 15% aller Antworten getroffen. Diese wurden drei Monate nach der ersten Kategorienbil-
dung wiederholt vom Erstautor der Studie (Intrarater) und von einer bisweilen unbeteiligten Per-
son (Interrater) kategorisiert. Die errechneten Cohens Kappa Werte der Intra- und Interreliabilitat
lagen fir alle Fragen zwischen 0,87 - 1 (Cohen, 1960). Nach Landis und Koch (1977) sprechen
diese Werte fiir eine nahezu vollkommene Ubereinstimmung zwischen den Ratern und damit fiir

ein objektives Kategoriensystem.

In Teilarbeit B wurde das Unterrichtsmodul als Grundlage fiir die weiteren Teilarbeiten entwi-
ckelt. Aus Griinden der Ubersichtlichkeit wurden die didaktischen Uberlegungen und die ausge-

wahlte Methodik des Unterrichtskonzepts in Kapitel 3.4.2. gesondert beschrieben.

Schwerpunkt der Teilarbeit C war der Erwerb biodiversitatsrelevanten Wissens und die Uberprii-
fung eines potenziellen Zusammenhangs zu Umwelteinstellungen. Fiir die Untersuchung des
Wissenszuwachses und des langfristigen Wissenserwerbs konnten nur Schiiler herangezogen
werden, die zu allen drei Testzeitpunkten (eine Woche vor, direkt nach und sechs Wochen nach
dem Unterrichtsmodul) anwesend waren. Fehlten Daten eines Schiilers zu einem Testzeitpunkt,
wurde dieser von der Teilarbeit ausgeschlossen. In die Analyse flossen schlieBllich 205 komplette
Datensatze ein (46,8% weiblich; Mater £ SD = 15,3 £ 0,6). Des Weiteren wurden Ergebnisse der

oben beschriebenen Kontrollgruppe analysiert.

Das Wissen wurde mittels 25 selbsterstellter Multiple-Choice-Fragen gemessen. Zu jeder Frage
erhielten die Teilnehmer jeweils vier Antwortmaoglichkeiten, von denen nur eine korrekt war. In-
haltlich bezogen sich jeweils sechs Fragen auf jedes Themengebiet der vier Teilmodule des Un-
terrichts. Eine Frage betraf die Definition von Biodiversitat, die im Einstieg der Unterrichtseinheit
erarbeitet wurde. Fir die statistischen Analysen wurden zunachst richtige Antworten in ,1“ und
falsche Antworten in ,0” umcodiert. AnschlieBend konnte fir jeden Schiiler zu jedem Testzeit-
punkt ein individueller Summenwert flir das Gesamtwissen und das Wissen in den einzelnen Teil-
modulen errechnet werden. Der maximal erreichbare Summenwert lag dementsprechend bei 25
bzw. 6. Fir die Beurteilung der Qualitat der selbsterstellten Wissensfragen wurde die Reliabilitat
nach Cronbachs Alpha fiir jeden Testzeitpunkt und die Schwierigkeitsindizes (p;) eines jeden

Items berechnet. Die Itemschwierigkeitsindizes geben den Anteil jener Probanden an, die das

31



3 SYNOPSIS

Item richtig geldst haben (Bortz & Déring, 2006). Demnach wurde ein Iltem mit einem p;= 0,5 von

der Halfte aller Probanden richtig beantwortet.

Die Analyse von Wissensunterschieden zwischen den drei Testzeitpunkt erfolgte mit einer Vari-
anzanalyse mit Messwiederholung (repeated measures ANOVA; rmANOVA). Zeigte ein signifikan-
ter Mauchly-Test eine Verletzung der Spharizitat an, so wurde ein Korrekturverfahren der Frei-
heitsgrade verwendet. Nach Girden (1992), wurde bei einem € < 0,75 die Greenhouse-Geisser-
Korrektur und bei einem & > 0,75 die Huynh-Feldt-Korrektur angewandt. Im Falle signifikanter
Haupteffekte, wurden Bonferroni-korrigierte Post-hoc Tests interpretiert. Die rmANOVA wurde
jeweils flir das Gesamtwissen als auch fir die erreichten Summenwerte in den einzelnen Teilmo-
dulen berechnet. Die Analyse von Geschlechterunterschieden erfolgte mittels ungepaarter t-
Tests fur Inter-Gruppenvergleiche und gepaarter t-Tests fiir Intra-Gruppenvergleiche. Die p-
Werte wurden anschlieBend einer Bonferroni-Korrektur unterzogen. Bei den genannten Analysen
unterschieden sich die Ergebnisse einer Teilstichprobe von der Gesamtstichprobe (ndheres zu
diesem Ergebnis folgt in Kapitel 3.5.3.). Um zu untersuchen, ob diese Unterschiede mit einer Zu-
gehorigkeit zu einer bestimmten Schulklasse zusammenhdngen, wurde ein korrigierter Kontin-
genzkoeffizient (Gor) berechnet (Zofel, 2003). Dieser ist ein Mal fiir die Starke eines Zusammen-
hangs zwischen zwei nominalen Variablen (A/er: Zughorigkeit zur Teilstichprobe und Klassenzu-

gehorigkeit).

Die Umwelteinstellungen wurden mit zwei Instrumenten erfasst: dem 2-MEV-Modell (7wo Major
Environmental Values) von Bogner & Wiseman (vgl. Bogner & Wiseman, 1999, 2006) und dem Ap-
preciation of Nature Scalenach Briigger et al. (2011). Die beiden Skalen wurden in einer gekiirzten
Form nach Bogner (2018) verwendet: mitinsgesamt 21 Items wurden die drei Faktoren mit jeweils
sieben Items erfasst. Die ltems erforderten Zustimmung oder Ablehnung auf einer 5-Punkt-Likert-
Skala. Zur Untersuchung des Zusammenhangs zwischen Wissen und Umwelteinstellungen wur-
den Mittelwerte der Einstellungsvariablen gebildet und eine bivariate Pearson-Korrelation mit
den Wissenswerten durchgefiihrt. Geschlechterunterschiede wurden wiederum mit t-Tests ge-

pruft. Flr die p-Werte der Korrelationen und t-tests wurde eine Bonferroni-Korrektur angewandt.

In Teilarbeit D wurde der Zusammenhang zwischen dem Wissenserwerb und der Faszination fir
Biologie untersucht. Zur Messung der Faszination wurde die Subskala ,Biologie” des Fascination
for Science Scales (Otto et al., 2019) verwendet. Die Gesamtskala enthalt 84 Items, die sich in
sieben Subskalen zu spezifischen Fachern aufgliedern: allgemeine Naturwissenschaft im Allge-
meinen, Biologie, Chemie, Physik, Astronomie, Geografie und Technik. Folglich wird jede Sub-
skala anhand von 12 Items gemessen. Diese decken wiederum zu je vier Items die drei Dimensi-
onen Kognition, Affektion und Verhalten ab. Kognitive und affektive Items wurden mittels einer

funfstufigen Likertskala von ,stimme ich Uberhaupt nicht zu“ bis ,stimme ich voll zu”
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beantwortet. Verhaltensitems betrafen Aktivitaten, die Schiler au3erhalb der Schule ausfiihren.

Diese wurden ebenfalls flinfstufig von ,nie” bis ,sehr oft” bewertet.

Da es sich bei der Faszinations-Skala um ein neuentwickeltes Messinstrument handelt, musste
zunachst die Gliltigkeit der Skala Gberprift werden. Da das Instrument urspriinglich fiir eine
Rasch-Skalierung konzipiert wurde, erfolgte die Uberpriifung der psychometrischen Qualitit mit-
tels Rasch-Analyse, d.h. der Uberpriifung der Passung der Skala auf das Rasch-Modell. Das Rasch-
Modell ist ein Modell der probabilistischen Testtheorie, das auf der Schatzung zweier Parameter
basiert: der Iltemschwierigkeit und der Personenfahigkeit (Bond & Fox, 2010). Anhand der
Itemschwierigkeit und der Personenfahigkeit kann die Wahrscheinlichkeit berechnet werden, mit
der eine Person eine Aufgabe bzw. ein Item I6sen kann (Koller et al., 2012). Ein Item reprasentiert
wiederum einen manifesten Indikator zur Messung eines latenten Konstrukts. Bezogen auf die
Faszinations-Skala bedeutet das: je anspruchsvoller die Aussagen und Verhaltensweisen sind, de-
nen eine Person zustimmt bzw. von denen die Person angibt sie haufig auszufiihren, desto héher

wird deren Faszination eingeschatzt (Otto et al., 2019).

Bei Passung eines Tests auf das Rasch-Modell (Rasch-Konformitat) erfolgt die Schatzung der Pa-
rameter unabhangig davon, welche Personen einer Testpopulation zur Analyse herangezogen
wurden (ebd.). Man spricht von einer Stichprobenunabhdngigkeit bzw. spezifischen Objektivitat.
Fir die Kalibrierung wurden daher die Datensatze aller Schiiler zu allen Testzeitpunkten verwen-
det (N=736). Die grof3ere Stichprobenzahl beglinstigt eine geringere Fehlerwahrscheinlichkeit
bei der Schatzung der Parameter. Fiir die Analyse mussten die gemessenen Daten zunachst di-
chotomisiert werden. ,Ich stimme voll zu” und ,ich stimme zu” bzw. ,sehr oft” und ,oft” wurden

auf ,1” gesetzt, alle weiteren Angaben auf ,0".

Um Unterschiede der Faszinationswerte zwischen den drei Testzeitpunkten zu Uberprifen,
wurde eine rmANOVA mit Huynh-Feldt-Korrektur und Bonferroni-Post-hoc-Test berechnet. Dar-
Uber hinaus wurden zur Ermittlung von Geschlechterunterschieden t-Tests durchgefiihrt. Der Zu-
sammenhang zwischen der Faszination fir Biologie und dem Wissenserwerb wurde zundchst
mittels einer Pearson-Korrelation mit Bonferroni-Korrektur untersucht. In einem nachsten Schritt
wurde die Stichprobe anhand der Mittelwerte der Faszination in drei Gruppen eingeteilt: sehr
faszinierte Schiiler (oberes Quartil; Mittelwert > 3,5), faszinierte Schiiler (interquartil Bereich; Mit-
telwert 2,68 — 3,5) und wenig faszinierte Schiler (unteres Quartil; Mittelwert < 2,67). AnschlieBend
wurden Intra- und Intergruppenvergleiche beziiglich des Wissens zu den drei Testzeitpunkten
mit einfaktoriellen Varianzanalysen sowie ANOVA mit Messwiederholung und Post-hoc-Tests un-

tersucht.
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3.5. Ergebnisse und Diskussion

3.5.1. Teilarbeit A - Schiilervorstellungen zur Biodiversitit

In Teilarbeit A wurden Prakonzepte von Schiilern zur Biodiversitat, ihrem Nutzen und Schutz mit-
tels drei offener Fragen erhoben. Die erste Frage bezog sich auf das Konzept der Biodiversitat.
Unser Ergebnis deckt sich mit der Literatur. Wie zum Beispiel bereits von Menzel und Bégelholz
(2006) beschrieben, setzten deutsche und chilenische Schiiler die Biodiversitat iberwiegend mit
der Artenvielfalt gleich. Auch in einer Studie von Bermudez und Lindemann-Matthies (2018) mit
argentinischen Schilern zeigte sich dieser Fokus auf die Artenvielfalt. Die Studienteilnehmer der
vorliegenden Studie zeigten also noch dieselbe Wahrnehmung tber die Biodiversitat, wie die
deutschen Schiiler die 2006 von Menzel und Bégelholz untersucht wurden. Eine Wahrnehmungs-
veranderung, im Sinne der im letzten Jahrzehnt initiierten politischen BildungsmalRnahmen, ist
demnach in der vorliegenden Stichprobe nicht erkennbar. Um komplexe Zusammenhange zwi-
schen biologischer Vielfalt und deren Funktionen und ihrer Gefahrdung zu verstehen, sollten je-
doch mindestens die drei wesentlichen Organisationsebenen der Biodiversitat und bestenfalls
auch damit verbundene Konzepte, wie zum Beispiel die Aquitit der Arten (Ausgewogenheit der

Arten in einem Biotop), einbezogen werden.

Einen mdglichen Grund fiir die Gleichsetzung der Biodiversitat mit der Vielfalt der Arten stellen
Medienberichterstattungen dar. Offentliche Medien gelten als wichtige Informationsquelle von
Schiilern und werden in Verbindung mit der Entwicklung von alternativen Schiilervorstellungen
gebracht (vgl. Schmid & Bogner, 2018; Shaw et al., 2008). Besonders im deutschsprachigen Raum
wird alltagsweltlich meist der Begriff ,Artenvielfalt” verwendet, wenn eigentlich Biodiversitat ge-
meint ist. Aus diesem Grund wurde auch in der europaweiten Eurobarometer-Studie bis 2015 der
Begriff ,Artenvielfalt” vorgezogen (European Comission, 2015). Die Vorstellung der Studienteil-
nehmer kdnnte daher auch Folge der zunehmenden medialen Popularitdt des Themas sein bzw.
durch diese beglnstigt werden. Allerdings trat das Phanomen, wie oben beschrieben, auch bei
chilenischen und argentinischen Schiilern auf und kann daher nicht nur auf die Verwendung von
Alltagsbegriffen im deutschen Sprachraum zurlickgefuihrt werden. In der Studie von Bermudez
und Lindemann-Matthies wurden die Schiiler bereits vor der Teilnahme an der Studie zum Kon-
zept der Biodiversitat unterrichtet. Daraus ergibt sich eine weitere Annahme, dass alternative Vor-
stellungen von Lehrkréften an Schiiler weitergegeben werden oder Lehrkrafte das komplexe
Konzept zu stark didaktisch reduzieren. Die Gleichsetzung der Begrifflichkeiten konnte beispiels-

weise bereits bei Lehramtsstudierenden beobachtet werden (Fiebelkorn & Menzel, 2013).

In Bezug auf den Wert der Biodiversitat konnte beobachtet werden, dass die Schiler Gberwie-

gend aus anthropozentrischer Sichtweise argumentierten. Weitaus geringer war der Anteil an
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Schiilern, die der biologischen Vielfalt einen Eigenwert bzw. einen Wert fiir die belebte und un-
belebte Natur zuschrieben. In Bezug auf die Vorteile fiir den Menschen wurde hauptsachlich die
Bereitstellung von Okosystemdienstleistungen genannt. Hier ist anzumerken, dass der Begriff der
Okosystemdienstleistungen von keinem der Schiiler explizit verwendet wurde, die Antworten
aber in diese Kategorie fielen. Am haufigsten wurde die Bedeutung der Biodiversitat mit der Be-
reitstellung von Nahrungsmitteln oder Medizin begriindet. Diese sind auch haufig genannte Kon-
zepte von Schiilern vergleichbaren Alters in der Interview-Studie von Menzel und Bogelholz
(2006). Im Gegensatz zu Versorgungs- und Regulierungsleistungen, wurden auffallend selten kul-
turelle Leistungen oder Basisleistungen genannt. Dieses Ergebnis deckt sich nur teilweise mit der
Literatur. Wahrend in der vorliegenden Studie nur ein Schiiler den asthetischen Wert der Bio-
diversitat nennt, ist dies eine haufig auftretende Kategorie in der Studie von Menzel und Bogel-
holz. In einer Studie von Torkar (2016) maB3en Schiiler kulturellen Leistungen, im Vergleich zu den
anderen drei Kategorien von Okosystemdienstleistungen, den geringsten Stellenwert bei, wohin-
gegen Basisleistungen die hochste Prioritat zugeschrieben wurde. Im Gegensatz zur vorliegen-
den Teilarbeit wurden die verschiedene Okosystemdienstleistungen jedoch vorgegeben. Vor die-
sem Hintergrund kann vermutet werden, dass die Schiler widererwartend kulturelle sowie Basis-
leistungen nicht bewusst wahrnehmen oder wertschatzen oder diese nicht in Zusammenhang
mit der Biodiversitat bringen. Es erscheint plausibel, dass kulturelle Leistungen, wie z.B. der Erho-
lungswert oder der dsthetische Wert eines naturnahen Waldes, in der Lebenswelt Jugendlicher
mutmallich einen eher geringen Stellenwert einnimmt oder Aktivitdten in der Natur nicht als
bewusstes Naturerleben wahrgenommen werden. Eine mdgliche Erklarung liefert die Literatur
zur Naturwahrnehmung Jugendlicher. Naturnahe (biodiverse) Landschaften werden von Jugend-
lichen nicht als asthetisch wahrgenommen, hingegen werden kulturlandschaftlich gepragte Fla-

chen bevorzugt (Liickmann et al., 2013).

Bei der Frage nach dem Schutz der Biodiversitat zeigte sich ein umgekehrtes Bild: die Schutzge-
danken der Schiler wurden liberwiegend aus 6kozentrischer Sicht argumentiert. Die Haupt-
gruinde der Schiler fir den Schutz der Biodiversitat waren die Verhinderung des Aussterbens von
Arten und die Aufrechterhaltung von Wechselbeziehungen zwischen Arten. In den Argumentati-
onsstrukturen spiegelte sich haufig systemisches Denken der Schiiler wider. Sie beschrieben bei-
spielsweise weitreichende Folgen fiir das Nahrungsnetz durch das Aussterben einer Art. Darliber
hinaus konnte in einigen Schiilerantworten auch eine alternative Schulervorstellung zur Anpas-
sung von Arten identifiziert werden. Schiiler beschrieben die intentionale Anpassung einer Art
zur Verhinderung ihres Aussterbens (Art erhaltende Anpassung; Weitzel & Gropengiel3er, 2009).

Zum Beispiel schrieb ein Schiiler (ID-Nr. 12): ,Ja sie [die Biodiversitat] sollte geschiitzt werden,
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weil sonst irgendwann bestimmte Tierarten ganz aussterben, da sie sich nicht mehr richtig an-

passen kdnnen”.

Die Prominenz des Konzepts ,Artensterben verhindern” in den Argumentationsstrukturen der
Schiiler ist zum einen auf die Reduktion des Biodiversitatskonzeptes auf die Vielfalt der Arten zu-
riickzufiihren und zum anderen kénnten die emotionale Eingebundenheit bzw. affektive Reakti-
onen eine Rolle spielen. Schutzgedanken gelten als gepragt von emotionalen und affektiven Fak-
toren, wie zum Beispiel der zugeschriebenen Ahnlichkeit einer Tierart zum Menschen (vgl. Martin-
Lopez et al., 2007). Daher werden beispielsweise Sdugetiere als besonders schiitzenswert erach-
tet (vgl. Lindemann-Matthies, 2005). Es zeigte sich diesbeziiglich in den Schiilerantworten eine
deutliche Dominanz der Nennung von Tierarten wohingegen Pflanzen nur selten als Beispiel her-

angezogen wurden.

3.5.2. Teilarbeit B - Wald mit Zukunft - ein Unterrichtsmodul zur Biodiversitatsbildung

Das konzipierte Unterrichtsmodul zur Biodiversitatsbildung sollte zu einem nachhaltigen Wis-
senserwerb beitragen. Der Erwerb von Wissen und Kompetenzen wird hierbei als Grundlage fiir
die Entwicklung umweltfreundlicher Einstellungen sowie Verhaltensweisen angesehen. Er soll
zur Bewertung sowie Entscheidungsfindung in Bezug auf komplexe sozialwissenschaftliche Prob-
lemfelder verhelfen. Die Fahigkeit zu bewerten und zu entscheiden ist wiederum Grundvoraus-

setzung fir gesellschaftliche und politische Partizipation (Bégeholz, 2007).

Wie bereits von Menzel und Bdgelholz (2006) gefordert, wurde ein Unterrichtsmodul zur Bio-
diversitatsbildung entwickelt, welches die biologische Vielfalt aus unterschiedlichen Perspekti-
ven beleuchtet und die eigene Handlungsfahigkeit der Schiiler sowie ihre Rolle als Konsumenten
einbezieht. Uber die Einbindung eines Citizen-Science-Projekts in den Unterricht wurden die
Schiiler in authentische wissenschaftliche Forschung und den Biodiversitatsschutz einbezogen.
Die exemplarische Erarbeitung des Themas anhand des Okosystems Wald kniipfte direkt an die
Lebenswelt der Schiiler an und bot Gelegenheit, Bewertungskompetenz am Beispiel eines all-

tagsnahen Nutzungskonflikts zu fordern.

Die Einzelheiten der Intervention sind detailliert unter Kapitel 3.4.2. beschrieben. Die Effektivitat
des Unterrichtsmoduls wurde in den Teilarbeiten C und D evaluiert. Die Ergebnisse werden in den

folgenden Kapiteln dargestellt und diskutiert.

3.5.3. Teilarbeit C - Wissenserwerb im Zusammenhang mit Umwelteinstellungen

In Teilarbeit C wurde der Erwerb umweltrelevanten Wissens durch die Teilnahme am Lernmodul
untersucht und anschlieBend dessen Zusammenhang zu Umwelteinstellungen der Schiler ana-

lysiert.
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Zunachst wurde die Reliabilitat der selbstentwickelten Wissensskala tberpriift. Die Cronbachs-
Alpha-Werte sprachen mit Ausnahme von TO fiir eine akzeptable interne Konsistenz: aT0= 0,65;
aT1=0,75; aT2= 0,80 (Blanz, 2015). Die ltemschwierigkeiten zeigten eine breite Verteilung zwi-

schen leichten, mittleren und schweren Aufgaben.

Bei der Analyse des Gesamtwissens konnte eine signifikante Anderung Uber die drei Testzeit-
punkte festgestellt werden. Es zeigte sich zwischen dem Vorwissen zu TO ein wesentlicher Wis-
senszuwachs zu T1, dem eine moderate Wissensabnahme zu T2 folgte. Insgesamt lernten die
Schiler durch das Unterrichtsmodul dazu, da die Wissenswerte zu T2 liber denen zu TO lagen. Die
Kontrollgruppe, welche nicht am Unterrichtsmodul teilnahm, zeigte keine derartige Wissensan-
derung. Die wiederholte Auseinandersetzung mit dem Fragebogen bedingte also keinen Lernef-
fekt.

Vor dem Hintergrund kognitiver Verarbeitungsprozesse bei der Aufnahme von Wissen in das
Langzeitgedachtnis war zu erwarten, dass die Schiler kurzfristig erworbenes Wissen zu T1 nicht
vollstandig bis zum dritten Testzeitpunkt nach 6 Wochen behalten (Birbaumer & Schmidt, 2006).
Daher ist das hier erkennbare Muster des Wissenserwerbs bereits aus Studien mit vergleichbarem
Studiendesign bekannt (vgl. Goldschmidt & Bogner, 2016; Marth & Bogner, 2017; Schumm & Bog-
ner, 2016b). Das Muster zeigte sich auch weitestgehend bei der Analyse der Wissensentwicklung
in den vier Sub-Modulen der Unterrichtseinheit. Eine Ausnahme bildete das Sub-Modul 2 zum
DNA-Barcoding: statt der Wissensabnahme zu T2 zeigte sich ein erneuter Wissensanstieg. Dieses

Ergebnis wird in einem spateren Abschnitt gesondert diskutiert.

Studien zu den Zusammenhdngen von Wissenserwerb und Umwelteinstellungen berichten
Uberwiegend von einem positiven Einfluss der Umweltschutzprdferenzen und einem negativen
Einfluss der Umweltausnutzungspraferenzen auf das Wissen (Dieser & Bogner, 2017; Thorn & Bog-
ner, 2018). Allerdings konnten nicht immer beide Zusammenhdnge beobachtet werden
(Fremerey & Bogner, 2015; Lieflander & Bogner, 2016). In der vorliegenden Studie zeigten sich
beide Effekte schwach bis anndhernd moderat: zu allen Testzeitpunkten korrelierte UTL negativ
und PRE positiv mit den Wissenswerten. Es ist vorstellbar, dass Schiiler mit hohen Naturschutz-
Praferenzen, eine hohere Lernbereitschaft fiir die dargebotenen Thematik und dem Naturschutz-
schwerpunkt des Unterrichtsmodul hatten. Umgekehrt kann vermutet werden, dass im Zuge des
Unterrichtsmoduls erworbenes Wissen einen positiven Effekt auf die Auspragung von Natur-

schutz-Préferenzen ausubt.

Im komplexen Zusammenhang eines Umweltkompetenzmodells stellten Roczen et al. (2014) be-
reits die Vermutung auf, dass eine hohere Wertschdtzung der Natur forderlich fiir die Lernbereit-

schaft umweltrelevanter Themen ist bzw. der Wissenserwerb zu einer hoheren Wertschatzung
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der Natur fiihren kann. In der vorliegenden Studie korrelierte APR ausschlieB8lich zum Behaltens-
test moderat positiv mit dem Wissen der Schiiler. Dies deutet darauf hin, dass die Wertschatzung
der Natur (d.h. die wertschatzende Naturnutzungs-Praferenz) zwar keinen Einfluss auf das Vor-
wissen oder den kurzfristigen Wissenserwerb hatte, jedoch die Behaltensleistung der Schiiler be-
einflusste. Schiler, mit hohen wertschatzenden Naturnutzungs-Praferenzen haben das Erlernte

mutmallich besser behalten und profitierten dadurch von der Teilnahme am Unterrichtsmodul.

Dariiber hinaus sprechen die Ergebnisse fiir eine geschlechterabhédngige Auspragung der Um-
welteinstellung. Wie bereits hdufiger in der Literatur beschrieben, zeigten Mddchen eine héhere
Naturschutz-Praferenz, wohingegen bei den Jungen signifikant hohere Auspragungen der Natur-
ausnutzungsprdferenz erkennbar waren (Fremerey & Bogner, 2015; Schumm & Bogner, 2016b).
Auch in Bezug auf die Wertschatzung der Natur zeigten Madchen signifikant hohere Werte. Im
Zusammenhang mit positiven Umwelteinstellungen und umweltfreundlichem Verhalten wird
haufig von diesem Geschlechtergefille berichtet (vgl. Ramstetter & Habersack, 2019; Zelezny et
al., 2000). Mégliche Erklarungen fiir die Tendenz zu umweltbewahrenden Einstellungen und Ver-
haltensweisen bei Frauen und Madchen werden in Sozialisierungsprozesse oder der Zuschrei-
bung von sozialen Rollen gesucht (Ramstetter & Habersack, 2019). Demnach wird angenommen,
dass sich dem weiblichen Geschlecht zugeschriebene Eigenschaften wie Empathie und Koopera-

tivitat positiv auf das Umweltbewusstsein auswirken.

Wie bereits beschrieben, zeigte sich bei der Analyse des Wissenserwerbs im Sub-Modul zum DNA-
Barcoding ein unerwarteter Wissensanstieg im Behaltenstest. Bei genauerer Untersuchung zeigte
sich, dass dieser Anstieg bei einer Teilstichprobe aus 103 Schiilern (49.5% weiblich) von insge-
samt 205 Schilern festzustellen war. Die Schiiler dieser Teilstichprobe zeigten im Vergleich zur
restlichen Stichprobe héhere Wertschatzungspraferenzen (APR). Auch der oben beschriebene
Geschlechtereffekt beziliglich der Umwelteinstellungen trat in der Teilstichprobe auf. Verschie-
dene externe Faktoren, die zu dieser Wissensentwicklung gefiihrt haben kénnten, konnten wei-
testgehend ausgeschlossen werden. Zum Beispiel konnte ein Zusammenhang zwischen der Zu-
gehorigkeit zur Teilstichprobe und der Klassenzugehorigkeit ausgeschlossen werden (Cior =
0,199, p=0,90). Es ist davon auszugehen, dass der Lerneffekt nicht auf eine gezielte Vorbereitung
durch die Lehrkrafte bestimmter Klassen zurlickzufiihren ist. Daher wird angenommen, dass sich
die Schiiler nach der Teilnahme am Unterrichtsmodul nochmals freiwillig mit der Thematik aus-
einandergesetzt hatten und dadurch im Behaltenstest eine gesteigerte Lernleistung erzielen
konnten. Hierfir spricht, dass man von Schiilern mit biozentrischen Umwelteinstellungen eine
groéBere Motivation und dadurch héhere Lernbereitschaft in Bezug auf Umweltthemen annimmt
(Schumm & Bogner, 2016b). Darliber hinaus hatten sich die Schiiler nur im Sub-Modul zu DNA-

Barcoding verbessert, welches in direktem Zusammenhang zur Citizen-Science-Aktivitat stand.
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Zum einen war den Schiilern die Methode des DNA-Barcodings sehr wahrscheinlich bis zu ihrer
Teilnahme am Modul unbekannt und zum anderen erwarteten sie noch die Ergebnisse ihrer ge-
sammelten Bodenproben, deren Barcoding-Analyse zum Zeitpunkt des Behaltenstests noch aus-
stand. Die Citizen-Science-Aktivitat und die Thematik kdnnte daher fiir die Schiiler besonders in-
teressant gewesen sein und ihr Interesse geweckt haben. Ein positiver Zusammenhang zwischen
Citizen Science und des Interesses von Schiilern konnte bereits gezeigt werden (Hiller & Kitsantas,

2014).

3.5.4. Teilarbeit D - Wissenserwerb im Zusammenhang mit Faszination fiir Biologie

Teilarbeit D beschaftigte sich mit dem Zusammenhang zwischen dem Wissenserwerb durch das
Unterrichtsmodul und der Faszination fiir Biologie. Zunachst wurde die psychometrische Qualitat
der Faszinationsskala bestimmt, indem die Passung an das Rasch-Modell Gberpriift wurde. Wie
bereits beschrieben, wurden fiir die Kalibrierung des Tests die Datenséatze aller Schiiler zu jedem
Testzeitpunkt einbezogen. Da es sich bei dem Rasch-Modell um ein Modell der probabilistischen
Testtheorie handelt, werden andere KenngréBen als bei der klassischen Testtheorie berechnet.
Ein erstes Kriterium flr die Modellgiite ist die Genauigkeit, mit der ein Test die Itemschwierigkeit
und die Personenfdhigkeit misst. Diese wird widergegeben durch die Item-Reliabilitdat und die
Personen-Reliabilitat. Die Iltem-Reliabilitat lag bei 1,0 wahrend die Personen-Reliabilitat 0,69 be-
trug. Die Reliabilitatskoeffizienten kdnnen, vergleichbar zu Cronbachs Alpha, Werte zwischen 0
und 1 annehmen (Bond & Fox, 2010). Die erzielten Werte sprechen damit fiir eine hohe bzw. ak-
zeptable Fahigkeit des Tests die Hierarchie der Itemschwierigkeiten und der Verteilung der Per-
sonenfahigkeiten zu definieren. Um die Passung der Items an das Modell zu beurteilen, wurden
die Infit-Werte (auch Weighted-Mean-Square; wMNSQ) herangezogen (ebd.). WMNSQ-Werte ge-
ben die Differenz zwischen den vom Modell erwarteten und den tatsachlich beobachteten Para-
metern an. Sie kdnnen Werte zwischen 0 und unendlich annehmen, wobei der Erwartungswert
einer perfekten Passung erwarteter und beobachteter Parameter bei 1 liegt. In Anlehnung an Wil-
son (2005) wurden Grenzen zwischen 0,77 und 1,3 verwendet, um die Modellpassung der ltems
zu beurteilen. Die Infit-Werte lagen zwischen 0,79 und 1,18 und sprachen daher fir eine gute

Passung aller Items auf das berechnete Rasch-Modell.

Da in dieser Teilarbeit die Faszinationsskala zum ersten Mal bei einer kurzen Intervention und bei
Jugendlichen eingesetzt wurde, liegt bisher keine Literatur hierzu vor. Als Diskussionsgrundlage
kdnnen nur zwei Studien einer Arbeitsgruppe dienen, die das Konstrukt mittels einer anderen
Skala messen (Bathgate & Schunn, 2017; Bonnette et al., 2019). Darliber hinaus kann Literatur
nahe verwandter Konzepte, wie des Interesses oder der Motivation gegeniiber Naturwissenschaf-
ten herangezogen werden. Bei letzterem Konstrukt wird Motivation, wie bereits beschrieben, auf

Grundlage der Selbstbestimmungstheorie betrachtet. Zunachst konnte festgestellt werden, dass
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sich die Faszination fiir Biologie durch die Teilnahme am Unterrichtsmodul nicht verandert hatte.
Wie bereits von Bathgate und Schunn (2017) vermutet, deutet das Ergebnis darauf hin, dass es
sich bei der Faszination um ein eher stabiles Konzept handelt. MutmaBlich konnte sich die Faszi-
nation Uber einen langeren Zeitraum und verschiedene Stufen hinweg, von eher situationalen
Gefiihlen, wie Neugierde und Vergniigen, zu eher komplexen und anhaltenden Einstellungen
entwickeln. Dies wurde bereits flr die Entwicklung von Interesse postuliert. Hidi und Renninger
(2006) gehen von einem Vier-Phasen-Modell der Interessenentwicklung aus, welches annimmt,
dass sich ein stabiles, individuelles Interesse Gber vier Stufen hinweg aus situationalem Interesse
entwickelt. Als Voraussetzung hierfir gilt jedoch, dass sich Lernende wiederholt mit einer The-
matik auseinandersetzten. Ubertragen auf die Faszination wiirde dies bedeuten, dass die kurzfris-
tige Auseinandersetzung nicht zu einer Veranderung der einstellungsbezogenen Motivation fiih-
ren konnte. Vermutlich hatte sich ein langerer Interventionszeitraum oder, bezogen auf die Citi-
zen-Science-Aktivitat, die starkere Involvierung der Schiiler in weitere Schritte des wissenschaft-
lichen Prozesses positiv auf die Faszination auswirken kénnen. In der Studie von Bonnette et al.
(2019) hatten wiederholt dargebotene, informelle Lerngelegenheiten innerhalb eines Semesters

zu einem Anstieg der Faszination von Sechstklasslern gefihrt.

Des Weiteren zeigte sich ein positiver Zusammenhang zwischen der Faszination und dem Vor-
wissen sowie dem Wissenserwerb. Schiiler mit hoher Faszination wussten bereits im Vortest sig-
nifikant mehr als Schiler mit geringen Faszinationswerten. Zwar lernten in Bezug zu ihrem Vor-
wissen alle Schiiler dazu, jedoch erzielten besonders faszinierte Schiiler insgesamt und langfristig
den grof3ten Lernerfolg. Wahrend Schiiler mit geringer und mittlerer Faszination zwischen dem
Nachtest und Behaltenstest signifikant vergal3en, war dies bei Schiilern mit hoher Faszination
nicht festzustellen. Dadurch konnten sie ihren Wissensvorsprung im Vortest weiter ausbauen und
wussten im Mittel zu T2 2,5 Fragen mehr als Schiiler der mittleren Gruppe und 3,9 Fragen mehr
als die Schiiler mit geringer Faszination. Studien zur Motivation gegeniliber Naturwissenschaften
berichten von dhnlichen Mustern beim Vergleich des Lernerfolgs unterschiedlich motivierter
Schiiler (Bryan et al.,, 2011; Glynn et al., 2007). Auch in Bezug auf den Erwerb umweltrelevanten
Wissens, konnte bereits gezeigt werden, dass motiviertere Schiiler insgesamt bessere Leistungen
erbrachten (Schumm & Bogner, 2016b). Ein moglicher Grund fiir das gute Abschneiden von Schii-
lern mit hoher Faszination fiir die Biologie konnte die dargebotene Lernumgebung gewesen sein.
Von der aktiven Teilhabe an authentischer wissenschaftlicher Forschung durch das Citizen-Sci-
ence-Projekt und den schiilerzentrierten Aktivitdten und Hands-on-Erfahrungen des Unterrichts-
modauls, profitierten mutmaflich besonders die Schiiler mit hoher Faszination. hands-on Aktivi-
taten wurden bereits in Zusammenhang mit dem Lernerfolg von Schiilern mit hoher Motivation

gegeniliber Naturwissenschaften gebracht (Goldschmidt & Bogner, 2016; JuriSevic¢ et al., 2012).
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Zuletzt konnten Geschlechterunterschiede beziiglich der Faszination fiir Biologie festgestellt
werden. Madchen zeigten zu allen Testzeitpunkten eine hohere Faszination als Jungen. Dieses
Ergebnis deutet auf eine Geschlechterabhéngigkeit der Auspragungen von Faszination fir Biolo-
gie hin, wie sie bereits in Bezug auf naturwissenschaftsbezogene Interessen, Motivationen und
Einstellungen angenommen wird (Baram Tsabari & Yarden, 2005; Buccheri et al., 2011; Jones et
al., 2000). Die Geschlechterabhdngigkeit der Faszination sollte auch fiir weitere Fachbereiche in

weiterfiihrenden Vergleichsstudien untersucht werden.

3.6. Schlussfolgerungen und Ausblick

Die Ergebnisse der vorliegenden Studie kdnnen nicht verallgemeinert werden, sie kdnnen aber
Anhaltpunkte fiir die Unterrichtspraxis und die didaktische Forschung zur Biodiversitatsbildung

bieten, die im Folgenden erlautert werden.

Ausgehend von einem moderat konstruktivistischen Verstandnis von Lernen, bilden Schiilervor-
stellungen eine Gbergeordnete Rolle fiir die Effektivitdt von Bildungsmal3nahmen. Die vorlie-
gende Studie bestatigt bisherige Befunde zu Schiilervorstellungen in Bezug auf die Biodiversitat
insofern, dass die teilnehmenden Schiiler die Biodiversitat Gberwiegend mit der Artenvielfalt
gleichsetzten (z.B. Menzel & Bogeholz, 2006). Trotz der Reduktion des Konzepts stellten Schiiler
funktionelle Zusammenhange zur Artenvielfalt her, wie z.B. den Auswirkungen von Artensterben
auf Nahrungsnetzte oder auf das menschliche Wohlergehen. An dieses systemische Denken
konnten Unterrichtskonzepte anknipfen, sollten dabei aber zwingend ein umfassenderes Bild
der Biodiversitat beleuchten. Komplexere Zusammenhinge zwischen der Biodiversitat und Oko-
systemfunktionen als auch die Auswirkungen des Biodiversitatsverlustes kdnnen nur nachvollzo-
gen werden, wenn die verschiedenen Ebenen der Biodiversitat sowie deren Zusammensetzung
verstanden wird. Die zunehmende Popularitat des Themas in den Medien und der gesellschaftli-
chen Diskussion ist zwar durchaus als positiv zu bewerten, kann jedoch auch zu einer weiteren
Reduktion des Begriffs auf die Vielfalt der Arten und der Fokussierung auf den Erhalt einzelner
Arten fuhren. Ein Beispiel hierfiir war das Volksbegehren ,Artenvielfalt und Naturschénheit in
Bayern”. In der Offentlichkeit unter dem Motto ,Rettet die Bienen” bekannt, war die mediale Be-
richterstattung insbesondere auf den Schutz der Bienen und die an Landwirte gestellten Forde-
rungen fokussiert. Der Gesetzesentwurf enthielt jedoch unter anderem auch den Erhalt der bio-
logischen Vielfalt staatlicher Walder. Vor diesem Hintergrund erscheint es umso wichtiger, Schi-
ler addquat auf den gesellschaftlichen Diskurs und zukiinftige Entscheidungsfindungsprozesse

vorzubereiten.

Des Weiteren konnte durch die qualitative Analyse der Schiilervorstellungen mehrheitlich eine

wertschatzende Haltung gegeniiber der Biodiversitat festgestellt werden, jedoch wurde der
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Nutzen der biologischen Vielfalt Giberwiegend dem Menschen zugeschrieben. Auch in Bezug auf
den Schutz der Biodiversitat offenbarte ein Teil der Schiiler anthropozentrische Sichtweisen. Der
Erhalt der Biodiversitat kann sowohl 6ko- als auch anthropozentrisch begriindet werden. Einige
Studien deuten darauf hin, dass 6kozentrische Einstellungen wahrscheinlicher in umweltfreund-
liches Verhalten Ubersetzt werden als anthropozentrische Sichtweisen (z.B. Nordlund & Garvill,
2002; Thompson & Barton, 1994). Gleichzeitig geht man aber auch davon aus, dass Personen, die
der Biodiversitdt einen hohen Wert flir menschliches Wohlbefinden zuschreiben, ebenso gewillt
sind diese zu erhalten (vgl. Kibbe et al., 2014). Ein biodiversitatsbildender Ansatz sollte daher so-
wohl den Eigenwert der Natur betonen als auch eine wertschatzende Haltung gegentiber der
Nutzung natiirlicher Ressourcen férdern. AuBerdem deuten die Ergebnisse der vorliegenden Stu-
die darauf hin, dass Jugendliche den Wert kultureller Leistungen nicht erkennen (vgl. Torkar,
2016). Da diese Leistungen jedoch in direktem Bezug zu einer wertschatzenden Nutzung der Bio-
diversitat stehen, sollten BildungsmaBnahmen alle Kategorien von Okosystemdienstleistungen

gleichermalen einbeziehen, um deren Wertschatzung ganzheitlich zu férdern.

Der schiilerzentrierte, hands-on Ansatz des konzipierten Unterrichtsmoduls erwies sich in Bezug
auf den Wissenserwerb als effektiv. Biodiversitatsbezogenes Wissen konnte, in Abhangigkeit zum
individuellen Vorwissen der Schiiler, kurz- als auch langfristig gefordert werden. Allerdings wirk-
ten sich sowohl Umwelteinstellungen als auch die Faszination fur Biologie auf den Lernerfolg aus.
In Bezug auf die Umwelteinstellungen konnte eine Geschlechterabhangigkeit bestatigt werden,
die sich allerdings nicht in einem geschlechterabhangigen Wissenserwerb widerspiegelte. Dies
spricht dafiir, dass die Unterrichtseinheit durch das Ansprechen einer wertschatzenden Nutzung
der Natur und das Aufzeigen des Mehrwerts einer intakten Biodiversitat, beide Geschlechter und
deren Praferenzen gleichermallen ansprach. Dies wurde bereits von vorliegenden Studien gefor-
dert und sollte in zukiinftigen Unterrichtsplanungen beriicksichtigt werden, um ein Gendergap
im Hinblick auf den Erwerb umweltrelevanten Wissens zu vermeiden (vgl. Schumm & Bogner,

2016a).

Die Effektivitat der Einbindung von Citizen Science in das Unterrichtsmodul wurde im Rahmen
der vorliegenden Studie nicht untersucht. Allerdings lasst der Wissenserwerb im Sub-Modul zur
Citizen-Science-Aktivitat vermuten, dass besonders Schiler mit positiven Umwelteinstellungen
von dem Ansatz profitierten. Citizen Science ermdglicht naturwissenschaftliches Lernen in einem
authentischen, wissenschaftlichen Kontext (vgl. Hogan, 2002). Hiller & Kitsantas (2014) berichte-
ten in diesem Zusammenhang von einer Steigerung der Schiiler-Selbstwirksamkeit in Bezug auf
wissenschaftliche Beobachtungskompetenz. Im vorliegenden Fall konnten die Schiiler direkt
zum Biodiversitatsmonitoring und damit zu wissenschaftlichen Bemiihungen zum Biodiversitats-

schutz beitragen. Die Vermutung liegt nahe, dass Citizen-Science-Aktivitaten dieser Art, die
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Selbstwirksamkeit und das Verantwortungsbewusstsein in Bezug auf umweltrelevante Themen
fordern konnen. Speziell im Bereich formeller Biodiversitatsbildung sollten diese und weitere
Auswirkungen einer Einbindung von Citizen Science in den Unterricht empirisch untersucht wer-

den.

Die Ergebnisse zur Faszination geben erste Hinweise auf die Relevanz des Konstrukts fiir die un-
terrichtliche Praxis sowie die didaktische Forschung. Zunachst scheint die Faszination, vergleich-
bar mit dem Interesse, einen eher stabilen Charakter zu haben (vgl. Hidi & Renninger, 2006). Eine
Anderung der Faszination durch kurzfristige Interventionen scheint daher nicht realisierbar. Der
Unterrichtsansatz der vorliegenden Gesamtstudie hat bei Schiilern mit unterschiedlicher Auspra-
gung der Faszination, langfristig betrachtet, zu einem Leistungsgefalle gefiihrt. Besonders faszi-
nierte Schiiler schnitten bereits im Vortest besser ab und konnten den Wissensvorsprung lang-
fristig noch vergréBern. Ein solches Leistungsgefalle konnte sich in der unterrichtlichen Praxis zu-
nehmend vergréBern. Daher sollten geeignete FordermalBnahmen zur Faszination entwickelt
und eingesetzt werden. Weiterfliihrende Studien sollten das Konstrukt der Faszination vertieft un-
tersuchen und sich der Frage widmen, wie sie im unterrichtlichen Kontext geférdert werden
kann, da von einem Einfluss der Faszination auf den Erwerb umweltrelevanten Wissens ausge-

gangen werden muss.

43



4 LITERATURVERZEICHNIS DER SYNOPSIS

4 LITERATURVERZEICHNIS DER SYNOPSIS

Adams, R. J.,, Wu, M. L., & Wilson, M. R. (2015). ACER ConQuest: Generalised ltem Response Mod-

elling Software (Version 4). Australian Council for Educational Research. Camberwell, Victoria.

Amano, T., Lamming, J. D. L., & Sutherland, W. J. (2016). Spatial Gaps in Global Biodiversity Infor-
mation and the Role of Citizen Science. BioScience, 66 (5), 393-400.
https://doi.org/10.1093/biosci/biw022

Arbuthnott, K. D., & Devoe, D. (2014). Understanding of Biodiversity Among Western Canadian
University Students. Human Ecology, 42, 147-158. https://doi.org/10.1007/s10745-013-9611-

y

Baram Tsabari, A., & Yarden, A. (2005). Characterizing childrens’ spontaneous interest in science
and technology. International Journal of Science Education, 27, 803-826.

https://doi.org/10.1080/09500690500038389

Bathgate, M., & Schunn, C. (2017). The psychological characteristics of experiences that influ-
ence science motivation and content knowledge. /nternational Journal of Science Education,

39(17), 2402-2432. https://doi.org/10.1080/09500693.2017.1386807

Bermudez, G. M. A,, & Lindemann-Matthies, P. (2018). “What Matters Is Species Richness"—High
School Students’ Understanding of the Components of Biodiversity. Research in Science Edu-

cation, 1-29.

Bickel, M., Strack, M., & Bogeholz, S. (2015). Measuring the Interest of German Students in Agri-
culture: the Role of Knowledge, Nature Experience, Disgust, and Gender. Research in Science

Education, 45 (3), 325-344. https://doi.org/10.1007/s11165-014-9425-y

Birbaumer, N., & Schmidt, R. F. (2006). Lernen und Gedachtnis. In N. Birbaumer & R. F. Schmidt
(Hrsg.), Biologische Psychologie (6. Ausgabe, S. 593-638). Heidelberg: Springer.
https://doi.org/10.1007/3-540-30350-2_24

Blanz, M. (2015). Forschungsmethoden und Statistik fiir die Soziale Arbeit: Grundlagen und An-
wendungen. Stuttgart: W. Kohlhammer. http://www.content-select.com/in-

dex.php?id=bib_view&ean=9783170258365

Bbogeholz, S. (2007). Bewertungskompetenz fiir systematisches Entscheiden in komplexen Ge-
staltungssituationen Nachhaltiger Entwicklung. In D. Krliger & H. Vogt (Hrsg.), Theorfen in der
biologiedidaktischen Forschung (S. 209-220). Heidelberg: Springer.
https://doi.org/10.1007/978-3-540-68166-3_19

44



4 LITERATURVERZEICHNIS DER SYNOPSIS

Bogner, F. X. (2018). Environmental Values (2-MEV) and Appreciation of Nature. Sustainability, 10
(2), 350. https://doi.org/10.3390/su10020350

Bogner, F. X., & Wiseman, M. (1999). Toward Measuring Adolescent Environmental Perception.

European Psychologist, 4(3), 139-151.

Bogner, F. X., & Wiseman, M. (2006). Adolescents’ attitudes towards nature and environment:
Quantifying the 2-MEV model. Environmentalist, 26, 247-254.
https://doi.org/10.1007/s10669-006-8660-9

Bond, T. G., & Fox, C. M. (2010). Applying the Rasch model: Fundamental measurement in the

human sciences (2. ed.). Mahwah, New Jersey: Lawrence Erlbaum.

Bonnette, R. N., Crowley, K., & Schunn, C. D. (2019). Falling in love and staying in love with sci-
ence: ongoing informal science experiences support fascination for all children. /nternational

Journal of Science Education, 0(0), 1-18. https://doi.org/10.1080/09500693.2019.1623431

Bonney, R., Cooper, C. B., Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K. V., & Shirk, J. (2017).
Citizen Science: A Developing Tool for Expanding Science Knowledge and Scientific Literacy,

59(11),977-984. https://doi.org/10.1525/bi0.2009.59.11.9

Borchers, C., Boesch, C., Riedel, J., Guilahoux, H., Ouattara, D., & Randler, C. (2014). Environmental
Education in Cote d'lvoire/West Africa: Extra-Curricular Primary School Teaching Shows Posi-
tive Impact on Environmental Knowledge and Attitudes. /nternational Journal of Science Ed-

ucatfon, Part B, 4(3), 240-259. https://doi.org/10.1080/21548455.2013.803632

Bortz, J., & Doring, N. (2006). Forschungsmethoden und Evaluation: Fiir Human- und Sozialwis-
senschaftler (4., Uberarbeitete Auflage). Heidelberg: Springer Medizin Verlag.
http://site.ebrary.com/lib/alltitles/docDetail.action?docID=10157732
https://doi.org/10.1007/978-3-540-33306-7

Briigger, A., Kaiser, F. G., & Roczen, N. (2011). One for All? Furopean Psychologist, 16 (4), 324—
333. https://doi.org/10.1027/1016-9040/a000032

Bryan, R. R., Glynn, S. M., & Kittleson, J. M. (2011). Motivation, achievement, and advanced place-
ment intent of high school students learning science. Science Education, 95 (6), 1049-1065.

https://doi.org/10.1002/sce.20462

Buccheri, G., Glrber, N. A, & Briihwiler, C. (2011). The Impact of Gender on Interest in Science
Topics and the Choice of Scientific and Technical Vocations. /nternational Journal of Science

Education, 33(1), 159-178. https://doi.org/10.1080/09500693.2010.518643

45



4 LITERATURVERZEICHNIS DER SYNOPSIS

Buijs, A. E., Fischer, A, Rink, D., & Young, J. C. (2008). Looking beyond superficial knowledge
gaps: Understanding public representations of biodiversity. /nternational Journal of Biodiver-

sity Science and Management, 4,65-80. https://doi.org/10.3843/Biodiv.4.2

CBD. (2010). COP-10 Decision X/2. Secretariat of the convention on biological diversity.
https://www.cbd.int/decision/cop/?id=12268

Cohen, J. (1960). A coefficient of agreement of nominal scales. £ducational and Psychological

Measurement, 20, 37-46. https://doi.org/10.1177/001316446002000104

Diaz, S., Fargione, J., Chapin, F. S, & Tilman, D. (2006). Biodiversity loss threatens human well-be-
ing. PLoS Biology, 4(8), e277. https://doi.org/10.1371/journal.pbio.0040277

Dickinson, J. L., Zuckerberg, B., & Bonter, D. N. (2010). Citizen Science as an Ecological Research
Tool : Challenges and Benefits. Advance online publication. https://doi.org/10.1146/annurev-
ecolsys-102209-144636

Dieser, O., & Bogner, F. X. (2017). How individual environmental values influence knowledge ac-
quisition of adolescents within a week-long outreach biodiversity module. Journal of Globa/

Research in Education and Social Science, 9(4), 213-224.

Eggert, S., & Bogeholz, S. (2009). Students’ use of decision-making strategies with regard to soci-
oscientific issues: An application of the Rasch partial credit model. Science Education, 7(4),

n/a-n/a. https://doi.org/10.1002/sce.20358

Ehrlich, P. R., & Pringle, R. M. (2008). Where does biodiversity go from here? A grim business-as-
usual forecast and a hopeful portfolio of partial solutions. Proceedings of the National Acad-

emy of Sciences, 105,11579 - 11586. https://doi.org/10.1073/pnas.0801911105

Eitzel, M. V., Cappadonna, J. L, Santos-lang, C,, Duerr, R. E., Virapongse, A., West, S. E,, Conrad, C,,
Kyba, M., Bowser, A., Cooper, C. B., Sforzi, A., Metcalfe, A. N., Harris, E. S., Thiel, M., Haklay, M.,
Ponciano, L., Roche, J., Ceccaroni, L., Shilling, F. M., Jiang, Q. (2017). Citizen Science Terminol-

ogy Matters: Exploring Key Terms. Citizen Science Theory and Practice, 2(1), 1-20.

Elliot, A. J., & McGregor, H. A. (2001). A 2 X 2 achievement goal framework. Journal of Personality
and Social Psychology, 80(3), 501-519. https://doi.org/10.1037/0022-3514.80.3.501

European Comission. (2015). Special Eurobarometer 436 - Attitudes of Europeans toward's Biodli-

versity.

Fiebelkorn, F., & Menzel, S. (2013). Student Teachers’ Understanding of the Terminology, Distri-

bution, and Loss of Biodiversity: Perspectives from a Biodiversity Hotspot and an

46



4 LITERATURVERZEICHNIS DER SYNOPSIS

Industrialized Country. Research in Science Education, 43, 1593-1615.

https://doi.org/10.1007/s11165-012-9323-0

Fischer, A., & Young, J. C. (2007). Understanding mental constructs of biodiversity: Implications
for biodiversity management and conservation. Biological Conservation, 136,271-282.

https://doi.org/10.1016/j.biocon.2006.11.024

Follett, R., & Strezov, V. (2015). An Analysis of Citizen Science Based Research: Usage and Publica-
tion Patterns. PLOS ONE, 70(11), e0143687. https://doi.org/10.1371/journal.pone.0143687

Frederking, A., Richter, S., & Schumann, K. (2016). Citizen Science auf dem Weg in den Wissen-
schaftsalltag. /it perspektive 26, 1, 9.

Fremerey, C., & Bogner, F. X. (2015). Cognitive learning in authentic environments in relation to
green attitude preferences. Studlies in Educational Evaluation, 44, 9-15.

https://doi.org/10.1016/j.stueduc.2014.11.002

Gayford, C. (2000). Biodiversity Education: A teacher’s perspective. Environmental Education Re-

search, 6(4), 347-361. https://doi.org/10.1080/713664696

Girden, E. (1992). ANOVA: Repeated Measures. Newbury Park, CA: SAGE Publications, Inc.
https://doi.org/10.4135/9781412983419

Glynn, S. M., Taasoobshirazi, G., & Brickman, P. (2007). Nonscience majors learning science: A
theoretical model of motivation. Journal of Research in Science Teaching, 44(8), 1088-1107.

https://doi.org/10.1002/tea.20181

Goldschmidt, M., & Bogner, F. X. (2016). Learning About Genetic Engineering in an Outreach La-
boratory: Influence of Motivation and Gender on Students’ Cognitive Achievement. /nterna-
tional Journal of Science Education, Part B, 6(2), 166-187.
https://doi.org/10.1080/21548455.2015.1031293

Greenwood, J. J. D. (2007). Citizens, science and bird conservation. Journal of Ornithology, 148

(1), 77-124.

Grohlich, C, Scharenberg, K., & Bos, W. (2009). Wirkt sich Leistungsheterogenitat in Schulklassen
auf den individuellen Lernerfolg in der Sekundarstufe aus? Journal for educational research

online, 7(1),86-105.

Gropengiel3er, H. (2006). Wie man Vorstellungen der Lerner verstehen kann: Lebenswelten,
Denkwelten, Sprechwelten (2., aktualisierte Aufl.). Beitrdge zur didaktischen Rekonstruktion

4. Oldenburg: Didaktisches Zentrum Carl-von-Ossietzky-Univ.

47



4 LITERATURVERZEICHNIS DER SYNOPSIS

Haag, L., & Streber, D. (2014). Individuelle Forderung: Eine Einfiihrung in Theorie und Praxis.

Weinheim:Beltz.

Harackiewicz, J. M., Durik, A. M., Barron, K. E., Linnenbrink-Garcia, L., & Tauer, J. M. (2008). The
role of achievement goals in the development of interest: Reciprocal relations between
achievement goals, interest, and performance. Journal of educational psychology, 100(1),

105.

Hebert, P. D. N., Cywinska, A., Ball, S. L., & DeWaard, J. R. (2003). Biological identifications through
DNA barcodes. Proceedings. Biological Sciences, 270(1512), 313-321.
https://doi.org/10.1098/rspb.2002.2218

Hidi, S., & Renninger, K. A. (2006). The Four-Phase Model of Interest Development. Educational
Psychologist, 47(2), 111-127. https://doi.org/10.1207/s15326985ep4102_4

Hiller, S. E., & Kitsantas, A. (2014). The Effect of a Horseshoe Crab Citizen Science Program on
Middle School Student Science Performance and STEM Career Motivation. Schoo/ Science

and Mathematics, 114 (6),302-311. https://doi.org/10.1111/ssm.12081

Hogan, K. (2002). Small groups’ ecological reasoning while making an environmental manage-
ment decision. Journal of Research in Science Teaching, 39(4), 341-368.

https://doi.org/10.1002/tea.10025

Hunter, L. M., & Brehm, J. (2003). Qualitative Insight into Public Knowledge of, and Concern with,
Biodiversity. Human Ecology, 317 (2), 309-320. http://www.jstor.org/stable/4603472

IBM Corp. (2016). /BM SPSS Statistics for Windows (Version 24). IBM Corp. Armonk, New York.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, IPBES.
(2019). Summary for policymakers of the global assessment report on biodiversity and eco-
system services. https://zenodo.org/record/3553579/files/ipbes_global_assessment_re-

port_summary_for_policymakers.pdf

ISB. (2017). LehrplanPLUS fiir das neunjdhrige Gymnasium. https://www.lehrplanplus.bay-

ern.de/schulart/gymnasium

Johnson, B., & Manoli, C. C. (2010). The 2-MEV scale in the United States: a measure of children’s
environmental attitudes based on the theory of ecological attitude. 7he Journal of Environ-

mental Education, 42(2), 84-97.

48



4 LITERATURVERZEICHNIS DER SYNOPSIS

Johnson, C. N., Balmford, A., Brook, B. W., Buettel, J. C,, Galetti, M., Guangchun, L., & Wilmshurst,
J. M. (2017). Biodiversity losses and conservation responses in the Anthropocene. Science

(New York, N.Y.), 356 (6335), 270-275. https://doi.org/10.1126/science.aam9317

Jones, M. G, Howe, A., & Rua, M. J. (2000). Gender differences in students’ experiences, interests,
and attitudes toward science and scientists. Science Education, 84(2), 180-192.

https://doi.org/10.1002/(SICI)1098-237X(200003)84:2<180::AID-SCE3>3.0.CO;2-X

Jurisevi¢, M., Vrtacnik, M., Kwiatkowski, M., & Gros, N. (2012). The interplay of students5’6 moti-
vational orientations5,6 their chemistry achievements and their perception of learning
within the hands-on approach to visible spectrometry. Chem. Educ. Res. Pract, 13(3), 237-
247. https://doi.org/10.1039/C2RP20004)J

Kaiser, F. G., Roczen, N., & Bogner, F. X. (2008). Competence formation in environmental educa-
tion: Advancing ecology-specific rather than general abilities. Umweltpsychologie, 12 (2),

56-70.

Kattmann, U. (2007a). Biologie-Lernen mit Alltagsvorstellungen. In Unterricht Biologie, 329 (S. 2-
6).

Kattmann, U. (2007b). Didaktische Rekonstruktion — eine praktische Theorie. In D. Krliger & H.
Vogt (Hrsg.), Theorien in der biologiedidaktischen Forschung: Ein Handbuch fiir Lehramtsstu-
denten und Doktoranden (S. 93-104). Heidelberg: Springer. https://doi.org/10.1007/978-3-
540-68166-3_9

Kelemen-Finan, J., Scheuch, M., & Winter, S. (2018). Contributions from citizen science to science
education: an examination of a biodiversity citizen science project with schools in Central Eu-
rope. International Journal of Science Education, 40(17), 2078-2098.
https://doi.org/10.1080/09500693.2018.1520405

Kibbe, A., Bogner, F. X., & Kaiser, F. G. (2014). Exploitative vs. appreciative use of nature - Two in-
terpretations of utilization and their relevance for environmental education. Studies in Edu-

cational Evaluation, 41, 106-112. https://doi.org/10.1016/j.stueduc.2013.11.007

Kiling, A, Yesiltas, N. K., Kartal, T., Demiral, U., & Eroglu, B. (2013). School Students’ Conceptions
about Biodiversity Loss: Definitions, Reasons, Results and Solutions. Research in Science Edu-

cation, 43(6), 2277-2307. https://doi.org/10.1007/s11165-013-9355-0

Killermann, W., Hiering, P., & Starosta, B. (2018). Biologieunterricht heute: Eine moderne Fachdi-

daktik (17. Auflage). Didaktik. Auer.

49



4 LITERATURVERZEICHNIS DER SYNOPSIS

Koller, 1., Alexandrowicz, R., & Hatzinger, R. (2012). Das Rasch-Modell in der Praxis: Eine Einfiih-
rung mit eRm (1. Aufl.). utb-studi-e-book: Vol. 3786. Facultas.wuv. http://www.utb-studi-e-
book.de/9783838537863

Kullenberg, C., & Kasperowski, D. (2016). What Is Citizen Science? — A Scientometric Meta-Analy-
sis. PLOS ONE, 11(1),e0147152. https://doi.org/10.1371/journal.pone.0147152

Landis, J. R., & Koch, G. G. (1977). The Measurement of Observer Agreement for Categorical Data.
Biometrics, 33,159-174.

Lieflander, A. K., & Bogner, F. X. (2016). Educational impact on the relationship of environmental
knowledge and attitudes. Environmental Education Research, 24 (4), 611-624.

https://doi.org/10.1080/13504622.2016.1188265

Lindemann-Matthies, P., & Bose, E. (2008). How Many Species Are There? Public Understanding
and Awareness of Biodiversity in Switzerland. Human Ecology, 36 (5), 731-742.
https://doi.org/10.1007/s10745-008-9194-

Lindemann-Matthies, P. (2005). ‘Loveable’ mammals and ‘lifeless’ plants: how children’s interest
in common local organisms can be enhanced through observation of nature. /nternational

Journal of Science Education, 27 (6), 655-677. https://doi.org/10.1080/09500690500038116

Lickmann, K., Lagemann, V., & Menzel, S. (2013). Landscape Assessment and Evaluation of
Young People. £Environment and Behavior, 45(1), 86-112.
https://doi.org/10.1177/0013916511411478

Markey, A., & Loewenstein, G. (2014). Curiosity. In /nternational handbook of emotions in educa-

tion(S. 238-255). New York: Routledge.

Marth, M., & Bogner, F. X. (2017). Does the issue of bionics within a student-centered module
generate long-term knowledge? Studies in Educational Evaluation, 55, 117-124.

https://doi.org/10.1016/j.stueduc.2017.09.001

Martin-L6pez, B., Montes, C., & Benayas, J. (2007). The non-economic motives behind the willing-
ness to pay for biodiversity conservation. Biological Conservation, 139(1-2), 67-82.

https://doi.org/10.1016/j.biocon.2007.06.005

Mayring, P. (2001). Combination and Integration of Qualitative and Quantitative Analysis. Forum
Qualitative Sozialforschung / Forum: Qualitative Social Research; Vol 2, No 7 (2001): Qualita-
tive and Quantitative Research: Conjunctions and Divergences. Advance online publication.

https://doi.org/10.17169/fqs-2.1.967

50



4 LITERATURVERZEICHNIS DER SYNOPSIS

Menzel, S., & Bogeholz, S. (2006). Vorstellungen und Argumentationsstrukturen von Schiiler
(inne) n der elften Jahrgangsstufe zur Biodiversitat, deren Gefahrdung und Erhaltung. Zeit-

schrift fiir Didaktik der Naturwissenschaften, 12, 199-217.

Milfont, T. L., & Duckitt, J. (2004). The structure of environmental attitudes: A first- and second-
order confirmatory factor analysis. Jorunal of Environmental Psychology, 24, 289-303.

https://doi.org/10.1016/j.jenvp.2004.09.001

Millennium Ecosystem Assessment. (2005). Ecosystems and Human Well-being: Biodiversity

Synthesis. Washington DC. World Resources Institute.

Moriniére, J., Araujo, B. de, Lam, A. W.,, Hausmann, A., Balke, M., Schmidt, S., Hendrich, L., Doczkal,
D., Fartmann, B., Arvidsson, S., & Haszprunar, G. (2016). Species Identification in Malaise Trap
Samples by DNA Barcoding Based on NGS Technologies and a Scoring Matrix. PLOS ONE, 717
(5), 1-14. https://doi.org/10.1371/journal.pone.0155497

Navarro-Perez, M., & Tidball, K. G. (2012). Challenges of Biodiversity Education: A Review of Edu-
cation Strategies for Biodiversity Education. /nternational Electronic Journal of Environmental

Education, 2(1), 13-30.

Nordlund, A. M., & Garvill, J. (2002). Value Structures Behind Proenvironmental Behavior. £nvi-

ronment and Behavior, 34(6), 740-756. https://doi.org/10.1177/001391602237244

Novacek, M. J. (2008). Engaging the public in biodiversity issues. Proceedings of the National
Academy of Sciences, 105 (Supplement 1), 11571-11578.

Otto, S., Korner, F., Marschke, B., Merten, M. J.,, Brandt, S., Kaiser, F. G., Sotiriou, S., & Bogner, F. X.

(2019). Deeper Learning as Integrated Knowledge and Fascination for Science. submitted.

Peter, M., Diekotter, T., & Kremer, K. (2019). Participant Outcomes of Biodiversity Citizen Science
Projects: A Systematic Literature Review. Sustainability, 77(10), 2780.
https://doi.org/10.3390/su11102780

Prediger, S., & Aufschnaiter, C. von. (2017). Umgang mit heterogenen Lernvoraussetzungenaus
fachdidaktischer Perspektive: Fachspezifische Anforderungs-und Lernstufungen bertcksich-
tigen. In T. Bohl, J. Budde, & M. Rieger-Ladich (Eds.), Umgang mit Heterogenitat in Schule und
Unterricht: Grundlagentheoretische Beitrage, empirische Befunde und didaktische Reflexio-

nen (291-207). Klinkhardt.

Ramstetter, L., & Habersack, F. (2019). Do women make a difference? Analysing environmental
attitudes and actions of Members of the European Parliament. £Environmental Politics, 78 (4),

1-22. https://doi.org/10.1080/09644016.2019.1609156

51



4 LITERATURVERZEICHNIS DER SYNOPSIS

Ratcliffe, M., & Grace, M. (2003). Science education for citizenship: Teaching socio-scientific is-

sues. McGraw-Hill Education (UK).

Riemeier, T. (2007). Moderater Konstruktivismus. In D. Kriiger & H. Vogt (Eds.), 7heorien in der
biologiedidaktischen Forschung: Ein Handbuch fiir Lehramtsstudenten und Doktoranden

(pp. 69-79). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-540-68166-3_7

Roczen, N., Kaiser, F. G., Bogner, F. X., & Wilson, M. (2014). A Competence Model for Environmen-
tal Education. £Environment and Behavior, 46 (8), 972-992.
https://doi.org/10.1177/0013916513492416

Rosenberg, M. J., & Hovland, C. I. (1960). Cognitive, affective, and behavioral components of atti-
tudes. In M. J. Rosenberg (Ed.), Attitude organization and change: an analysis of consistency

among attitude components (Yale studi, pp. 1-14). Yale University Press.

Schmid, S., & Bogner, F. X. (2018). Is there more than the sewage plant? University freshmen’s

conceptions of the urban water cycle. PLOS ONE, 73(7), €0200928.

Schnell, R, Hill, P. B., & Esser, E. (2018). Methoden der empirischen Sozialforschung (11., Uberar-
beitete Auflage). De Gruyter Studjum. De Gruyter Oldenbourg. http://www.degruy-
ter.com/search?f_O=isbnissn&q_0=9783110577327&searchTitles=true

Schrenk, M., Gropengiel3er, H., GroB3, J., Hammann, M., Weitzel, H., & Zabel, J. (2019). Schiilervor-
stellungen im Biologieunterricht. In J. Grof3, M. Hammann, P. Schmiemann, & J. Zabel (Hrsg.),
Biologiedidaktische Forschung: Ertrdge fiir die Praxis (pp. 3-20). Heidelberg: Springer.
https://doi.org/10.1007/978-3-662-58443-9_1

Schumm, M. F., & Bogner, F. X. (2016a). How Environmental Attitudes Interact with Cognitive
Learning in a Science Lesson Module. Education Research International, 2016 (4), 1-7.

https://doi.org/10.1155/2016/6136527

Schumm, M. F., & Bogner, F. X. (2016b). The impact of science motivation on cognitive achieve-
ment within a 3-lesson unit about renewable energies. Studlies in Educational Evaluation, 50,

14-21. https://doi.org/10.1016/j.stueduc.2016.06.002

Secretariat of the Convention on Biological Diversity (2004). The Convention on Biological Diver-

sity from Conception to Implementation. CBD News Special Edition.

Shah, H. R,, & Martinez, L. R. (2016). Current Approaches in Implementing Citizen Science in the
Classroom. Journal of Microbiology & Biology Education, 17(1), 17-22.
https://doi.org/10.1128/jmbe.v17i1.1032

52



4 LITERATURVERZEICHNIS DER SYNOPSIS

Shaw, K. R. M., van Horne, K., Zhang, H., & Boughman, J. (2008). Essay contest reveals misconcep-
tions of high school students in genetics content. Genetics, 178, 1157-1168.
https://doi.org/10.1534/genetics.107.084194

Staatsinstitut fur Schulqualitdt und Bildungsforschung Miinchen. (2004). Lehrplan fiir das acht-

Jahrige Gymnasium (G8). Kastner. www.gym8-lehrplan.bayern.de

Sturm, P, & Berthold, T. (2015). Biodiversitat im Unterricht-ein Konzept zur Umsetzung der Bay-

erischen Biodiversitatsstrategie im schulischen Bereich. Anfliegen Natur, 37(2), 76-83.

Theobald, E. J,, Ettinger, A. K., Burgess, H. K., DeBey, L. B., Schmidt, N. R,, Froehlich, H. E., Wagner,
C., HilleRisLambers, J., Tewksbury, J., Harsch, M. A., & Parrish, J. K. (2015). Global change and
local solutions: Tapping the unrealized potential of citizen science for biodiversity research.

Biological Conservation, 181, 236-244. https://doi.org/10.1016/j.biocon.2014.10.021

Thompson, S. C. G., & Barton, M. A. (1994). Ecocentric and Anthropocentric Attitudes toward the

Environment. Journal of Environmental Psychology, 14, 149-157.

Thorn, C,, & Bogner, F. (2018). How Environmental Values Predict Acquisition of Different Cogni-
tive Knowledge Types with Regard to Forest Conservation. Sustainability, 10(7), 2188.
https://doi.org/10.3390/su10072188

Torkar, G. (2016). Secondary school students’ environmental concerns and attitudes toward for-
est ecosystem services: Implications for Biodiversity Education. /nternational Journal of Envi-

ronmental & Science Education, 77(18),11019-11031.

Turner-Erfort, G. (1997). Public awareness and perceptions of biodiversity. 7ransactions of the

HMinois State Academy of Science, 90(3), 113-121.

Van Weelig, D., & Wals, A. (2002). Making biodiversity meaningful through environmental educa-
tion. /nternational Journal of Science Education, 24(11), 1143-1156.

https://doi.org/10.1080/09500690210134839

Weitzel, H., & Gropengiefer, H. (2009). Vorstellungsentwicklung zur stammesgeschichtlichen
Anpassung: Wie man Lernhindernisse verstehen und férderliche Lernangebote machen

kann. Zeitschrift fiir Didaktik der Naturwissenschaften, 15, 287-305.

Wilcox, R. R. (Ed.). (2012). Statistical Modeling and Decision Science. Introduction to robust esti-

mation and hypothesis testing (3. ed.). Waltham, MA: Elsevier/Academic Press.

Wilson, M. (2005). Constructing measures: An item response modeling approach. London: Law-

rence Erlbaum Associates.

53



4 LITERATURVERZEICHNIS DER SYNOPSIS

Wiseman, M., & Bogner, F.X. (2003). A higher-order model of ecological values and its relation-
ship to personality. Personality and Individual Differences, 34(5), 783-794.
https://doi.org/10.1016/S0191-8869(02)00071-5

Zelezny, L. C,, Chua, P.-P., & Aldrich, C. (2000). New Ways of Thinking about Environmentalism:
Elaborating on Gender Differences in Environmentalism. Journal of Social Issues, 56 (3), 443-

457. https://doi.org/10.1111/0022-4537.00177

Zofel, P. (2003). Statistik fiir Psychologen: Im Klartext. Pearson Studium. Minchen: Pearson.
http://www.sub.uni-hamburg.de/ebook/ebook.php?act=b&cid=2363

54



5 TEILARBEITEN

5 TEILARBEITEN

5.1. Publikationsliste

(A) Schneiderhan-Opel, J., & Bogner, F. X. (2019)
Between Environmental Utilization and Protection: Adolescent Conceptions of Biodiver-
sity, Sustainability, 11 (17),4517; https://doi.org/10.3390/su11174517

(B) Schneiderhan-Opel, J., & Bogner, F. X. (2020)
FutureForest - Promoting Biodiversity Literacy by Implementing Citizen Science in the
Classroom, American Biology Teacher, 82 (4), 234-240;
https://doi.org/10.1525/abt.2020.82.4.234

(©) Schneiderhan-Opel, J., & Bogner, F. X. (2020)
The Relation between Knowledge Acquisition and Environmental Values within the
Scope of a Biodiversity Learning Module, Sustainability, 12(5), 2036;
https://doi.org/10.3390/su12052036

(D) Schneiderhan-Opel, J., & Bogner, F. X. (2020)
How fascination for biology is associated with students’ learning in a biodiversity citizen
science project, Studies in Educational Evaluation, 66, 100892;
https://doi.org/10.1016/j.stueduc.2020.100892

55



5 TEILARBEITEN

5.2. Darstellung des Eigenanteils

Die Durchfiihrung der Intervention, die Erhebung aller empirischen Daten, die Entwicklung der
Fragestellungen sowie die statistischen Analysen und deren Interpretation erfolgten durch mich.
Alle Teilarbeiten wurden von mir als Erstautoring eigenstandig konzipiert, verfasst und in Zusam-

menarbeit mit Herrn Prof. Franz X. Bogner liberarbeitet.

Die offenen Fragen und das Kategoriensystem in Teilstudie A wurden von mir entworfen. Die Ein-
ordnung der Schiilerantworten in die Kategorien wurden von einer studentischen Hilfskraft ge-

gengetestet.

Das Unterrichtsmodul der Teilstudie B wurde von mir konzipiert. Alle verwendeten Unterrichts-
materialien wurden selbststandig entworfen. Teilweise wurden Ideen zu Materialien aus Quellen

entnommen und von mir adressatengerecht aufbereitet.

Die verwendeten Skalen zur Uberpriifung der Umwelteinstellungen und der Faszination in den
Teilstudien B und D wurden der Literatur entnommen. Die Fragen zur Uberpriifung des Wissens

wurden von mir konzipiert.

56



5 TEILARBEITEN

5.3. Teilarbeit A

Sustainability, 2019, 11(17), 4517

Between Environmental Utilization and Protection:

Adolescent Conceptions of Biodiversity

Jennifer Schneiderhan-Opel'”, Franz X. Bogner!

ICentre of Math & Science Education (Z-MNU), Department of Biology Education,
University of Bayreuth, NW1, 95447 Bayreuth, Germany

*Correspondence: jennifer.schneiderhan@uni-bayreuth.de

57



5 TEILARBEITEN

Between Environmental Utilization and Protection: Adolescent Conceptions of
Biodiversity

Abstract

As human activities threaten biodiversity on a global scale, preventing further biodiversity loss re-
quires scientifically literate and environmentally responsible citizens. Biodiversity education (BE) as
part of education for sustainable development (ESD) may lay the foundation of fostering a sense of
responsibility for biodiversity and its preservation among future generations. Meaningful learning
depends on the integration of new knowledge into already existing student conceptions (i.e., stu-
dents’ pre-instructional mental concepts and ideas of teaching subjects). Thus, assessment and con-
sideration of student conceptions on biodiversity are of high relevance for the development of suc-
cessful BE and ESD lessons. In the present qualitative study, we applied three open-ended questions
in a paper-and-pencil format to assess adolescents’ pre-instructional conceptions on biodiversity, its
benefits, and protection. Almost our total sample of 275 German 10th graders equated biodiversity
with species diversity, revealing an only fragmented understanding of the scientific concept of bio-
diversity. Conceptions of the benefits of biodiversity were almost equally balanced between envi-
ronmental and economic benefits. Notions of environmental preservation considerably outnum-

bered notions of environmental utilization in student conceptions of biodiversity protection.

Keywords: conceptions; biodiversity education; education for sustainable development; biodiversity

education; environmental preservation; environmental utilization

1. Introduction

Following the definition of the Millennium Ecosystem Assessment (MA), biodiversity is re-
garded as “the variability among living organisms from all sources including, inter alia, terrestrial,
marine and other aquatic ecosystems and the ecological complexes of which they are part; this in-
cludes diversity within species, between species and of ecosystems” [1] (p. 18). What is important to
this definition is that the concept of biodiversity covers three dimensions: ecosystem diversity, spe-
cies diversity, and genetic diversity and should not—as it is often the case—be equated to species
diversity only. It has been 16 years since the Convention on Biological Diversity (CBD) was opened
for signature at the Rio de Janeiro Earth Summit, in June 1992 [2]. Altogether 196 countries agreed
upon the common goal to reduce biodiversity loss and to achieve biodiversity conservation as well
as its sustainable development by 2010 [3].

Since the goal had not been reached, CBD parties set up the Strategic Plan for Biodiversity and

the Aichi Biodiversity Targets, to be met until 2020 [4,5]. To date, biodiversity change and loss is still
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a major global challenge [6]. Recent studies, e.g., on the decline of flying insect species, indicate no
positive change [7]. The bioethical value of biodiversity may be seen from an ecocentric or anthro-
pocentric point of view [8]. Both represent positive perspectives towards nature preservation but
differ in its justification. Following the definition by Washington et al. we use the term ecocentrism
as an umbrella term for a nature-centered value system that includes biocentric and zoocentric
worldviews [9]. In contrast to ecocentrism, anthropocentrism is a human-centered value system that
is focused on nature’s value for human well-being only and places the human species above all other
organisms [8,10]. Concerning the intrinsic value of nature, “biodiversity is now known to be a major
determinant, perhaps the major determinant, of community and ecosystem dynamics and function-
ing” [11] (p. 472). As biodiversity determines ecosystem functioning, there is also a strong link be-
tween biodiversity and ecosystem services [12]. Ecosystem services are goods and benefits that are
provided to humans by ecosystems and are directly linked to human well-being [1,12]. Following
the MA, these services can be categorized into provisioning services (e.g., food or freshwater), regu-
lating services (e.g., climate regulation), cultural services (e.g., aesthetic or spiritual values) and sup-
porting services (e.g., primary production) [13]. The latter form the basis of all the other ecosystem
services. Hence, biodiversity is one of the key elements of environmental functioning and is essential
to human well-being. Paradoxically, however, biodiversity change and loss are mainly caused by
human activity [14]. The large impact humans have on biodiversity or vice versa implies that any
attempt to address biodiversity protection strongly relies on an environmentally literate and aware
society.

Today’s school students will be the political decision-makers of the future. What is more, cur-
rent international climate movements once again emphasize that young people’s potential influence
and leverage in state and society should not be underestimated. Thus, formal science education must
deal with socio-scientific issues to support students in becoming responsible citizens who can ac-
tively take part in societal decision-making processes concerning scientific-related matters [15]. Fol-
lowing the definition by [16] (p. 1), we consider biodiversity a socio-scientific issue, as it “has a basis
in science and has a potentially large impact on society”. We recognize biodiversity education there-
fore as a highly important section of formal education for sustainable development (ESD), with the
specific aim of fostering learners’ sense of responsibility to protect biodiversity and promote suitable
problem-solving skills.

The importance of biodiversity education has also been recognized by the CBD. Education is
anchored in Article 13, as well as in the Aichi Biodiversity Target 1, that says, “[b]y 2020, at the latest,
people are aware of the values of biodiversity and the steps they can take to conserve and use it

sustainably” [5] (p. 1). The strategy for its implementation is covered by the CBD’s Communication,
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Education and Public Awareness (CEPA) program, which is aimed at, among other things, incorpo-
rating the topic of biodiversity into the education of all member states.

One important prerequisite for the development of successful ESD approaches and lessons is
the involvement of student conceptions and ideas on the content to be taught. Students do not attend
science classes as blank slates. Instead, they come to lessons having in mind certain conceptions of
the respective scientific topic, mainly originating from personal experiences [17]. These ‘pre-instruc-
tional conceptions’ [18] are not always consistent with correct science views and concepts. Literature
provides many different terms for such student conceptions, which are not or only partly scientifi-
cally accurate. Frequently used expressions are “misconceptions’ [19], “alternative conceptions’ [20]
or ‘naive conceptions’ [21]. Within our paper, we will use the neutral term ‘alternative conceptions’
in order to avoid judgment of student ideas.

Monitoring learners’ conceptions has a long history, starting in the 1970s, building on construc-
tivism theories, particularly on Piaget’s theory of cognitive development [22,23]. The assumption
that the construction of new knowledge relies upon the modification and re-arrangement of pre-
existing cognitive schemes forms the basis of the constructivist view of learning [24]. Consequently,
students’ alternative conceptions represent productive prior understandings, which are used by stu-
dents ‘as resources for building more sophisticated scientific understandings’ [22] (p. 353). Playing
a key role in learning processes, identifying common alternative conceptions is therefore of consid-
erable interest for both science researchers and science educators. Concerning the topic of biodiver-
sity and its preservation, we suggest that knowledge of student conceptions of biodiversity deter-
mines fruitful biodiversity education and consequently affects the success to foster responsible citi-
zenship. Among others, Lindemann-Matthies and Bose [25] described knowledge as an important
determinant for developing appreciative attitudes towards biodiversity. Therefore, our study fo-
cused both on students’ familiarity with the term biodiversity as well as on their awareness of bio-
diversity. Do they appreciate the benefits of biodiversity and consider biodiversity protection as im-
portant? There are several studies concerning the awareness of biodiversity among the general pub-
lic, e.g., [26-29]. Despite their significance for formal science learning, there is a rather limited scope
of studies concerned with adolescent conceptions of biodiversity, e.g., [25,30,31]. Our present large-

scale study, therefore, followed three research questions:

1. Which conceptions of biodiversity can be identified among German adolescents?
2. Which benefits of biodiversity do they recognize?

3. Which conceptions of biodiversity protection can be identified?
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2. Materials and Methods

Our convenience sample consisted of 275 10th graders from different secondary schools in Ba-
varia, Germany. All schools are located in more rural areas rather than in large cities. Data was col-
lected in a pre-study prior to students’ participation in an environmental learning module. Teachers
enrolled their classes for participation in the module and the accompanying study and parents had
to sign an informed consent. The students’ mean age was 15.27 (SD = 0.66). Gender distribution was
roughly even (46.49% were female). Students completed a paper-pencil survey with three open-
ended questions (Table 1) during regular school lessons. Predefined lines suggested the expected

scope of the answers.

Table 1. Survey questions.

Question Wording

question 1 What do you understand by the term biodiversity (=biological diversity)?
question 2 What are the benefits of biodiversity? Give reasons for your answer.
question 3 Should biodiversity be protected? Give reasons for your answer.

Student answers were analyzed following the qualitative content analysis by Mayring [32]. We
inductively built different categories based on the most frequent student answers. It has to be noticed
that multiple category assignments were possible, i.e., a student answer could consist of more than
one conception. Therefore, the numbers and percentages presented in our paper represent concep-
tions not the number of answers or students. To demarcate the categories as precisely as possible,
our coding guidelines included a clear definition of every category and an anchor example for each
category, which we regarded as representing the category best. Table 2 displays an excerpt of our

coding guidelines.

Table 2. Excerpt of the coding guidelines using the example of categories for question 1.

Category

Definition

Anchor Example

species diversity

the biological species concept is explic-
itly expressed

“Many different species of plants
and animals.”

the variety of living creatures is ex-

variety of . .. . “The variety of living organisms
Y pressed without mentioning the bio- Y Y 808
creatures . . on earth.
logical species concept
disparity of the statement focuses on the differ- “I think that all kinds of plants
creatures ences between living beings and animals are different.”

genetic diversity

the diversity within species is explic-
itly expressed

“The genetic diversity within a
species.”

ecosystem
diversity

the diversity of ecosystems is explicitly
expressed

“Different ecosystems.”

scientifically
correct concept

all three dimensions of biodiversity are
expressed

“Biodiversity is the diversity of ge-
netic information, species and eco-
systems.”
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To validate our categories, we confirmed an intra- and inter-rater reliability test and determined
the Cohen’s kappa values of agreement between the raters (Table 3) [33]. For this purpose, we ran-
domly selected 15% of all student answers for each question. After three months, the first author
categorized this dataset for a second time (intra-rater) and a nonpartisan person did the inter-rating.
The resulting Cohen’s kappa scores in the range of 81-1.00 indicate an ‘almost perfect’ agreement

between the raters [34].

Table 3. Cohen’s kappa scores for inter- and intra-rater reliability.

Cohen’s Kappa Score

Question Intra-Rater Reliability Inter-Rater Reliability
question 1—categorization a 0.97 0.89
question 1—categorization b 0.95 1
question 2 0.95 0.87
question 2—justification 0.95 0.98
question 3 —justification 0.98 0.98

In the following, we outline the results of the categorization of the student answers. Responses
falling into the category ‘expression of ignorance’ as well as ‘inadequate answer’ are counted as ‘no
answer’. Single conceptions did not form a category and were summarized in ‘other’. For better clar-
ity, the categories ‘no answer’ and ‘other” are not displayed in the Figures. Unless otherwise stated,
frequencies represented are related to the total number of conceptions for each question or subques-

tion (nconceptions = 100%)

3. Results

3.1. Question 1: What Do You Understand by the Term Biodiversity?

Question 1, “‘What do you understand by the term ‘biodiversity” (=biological diversity)?’ gener-
ated 306 conceptions fitting into four categories ‘one dimension’ (46%), ‘two dimensions’ (2%), ‘three
dimensions’ (1%), ‘no dimension’ (27%) (see Figure 1). We further subcategorized the conceptions
relating to ‘one dimension’ (nsuw = 125) into the three dimensions of biodiversity ‘species diversity’
(97%), ‘genetic diversity” (2%) and ‘ecosystem diversity” (1%). Table 4 provides examples of student

answers and illustrates the assignment of individual conceptions to the categories.
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Table 4. Categorization of students’ conceptions on the term biodiversity.

Dimension of Biodiversity
Category Species Di- Genetic Di-  Ecosystem Student Example Quote
versity versity Diversity
one N ID 12: ‘It is the diversity of species,
dimension for example, animal or plant species.’
ID 83: “The different animal and
two . .
. . + + plant species [...]. But also the differ-
dimension o
ent habitats.
1 ID 35: “Biodiversity is the diversity
a . . )
. . + + + of genetic information, species and
dimensions f& ,f /P
ecosystems.
none of the ID 118: “That there are many biolog-
dimensions ical molecules.
60
7 species diversity
50 genetic diversity
i, 1% W ccosystem diversity
7
e - =F
o
< .
:
g 30 f?’!ﬁf’fﬁ?f%’ 27%
= .
7
S o —a1%
e
En
.
7
.
:
o
ﬁﬁ%ﬁ% .
/
0 S
one dimension no dimension two/three dimensions

Categories

Figure 1. Frequencies of student conceptions referring to the concept of biodiversity (ques-

tion 1; categorization a. Frequencies on the y-axis are related to the sum of all student con-

ceptions (Nconceptions = 306). Frequencies displayed for the category ‘one dimension’ are re-

lated to the number of conceptions concerning one dimension of biodiversity (nsu = 125).

For reasons of simplicity, the categories ‘two dimensions’ and ‘three dimensions’ are sum-

marized.

For a further illustration of the student conceptions concerning the concept of biodiversity (ncon-

ceptions = 306), we categorized them again into the six inductive categories ‘species diversity’ (41%),

‘variety of creatures’ (19%), ‘disparity of creatures’ (8%), ‘genetic diversity’ (2%), ‘ecosystem diver-

sity’ (2%) and ‘scientifically correct conception’ (1%) (Figure 2).
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60%
50%
41%
—~ 40%
S
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-
o' 30%
E
19%
T 20% =
=
10% 8%
0% — —
species variety of  disparity of genetic ecosystem  scientifically
diversity creatures creatures diversity diversity correct

concept
Categories

Figure 2. Frequencies of student conceptions included in answers to question 1; categori-
zation b. Nconceptions = 306.

In our coding guidelines, we determined that only conceptions actually containing the biologi-
cal species concept are categorized as ‘species diversity’, otherwise conceptions were coded as ‘vari-
ety of creatures’. For example, the student example quote (student ID 220), ‘That there are many
animal and plant species’ contained one statement, which was categorized as ‘species diversity’,
whereas the student answer (student ID 215), “This is the variety of biological creatures. This includes
animals, plants, organisms etc.” fell into the category ‘variety of creatures’ because the included state-
ment did not contain the biological species concept but did refer to the great variety of living organ-
isms. In contrast, statements of the category ‘disparity of creatures” explicitly referred to different
characteristics or appearances of living beings. For example, the answer (student ID 250), ‘“This is the
diversity of species, which all have different characteristics’ fell into the category ‘species diversity’

and “disparity of creatures’.

3.2. Question 2: What Are the Benefits of Biodiversity?

The first part of question 2 “What are the benefits of biodiversity?’ generated 185 answers and
240 conceptions (Nanswers= 185; Nconceptions = 240) (Figure 3). Most conceptions fell into the category ‘hu-
mans’ (52%), followed by ‘animals and plants’ (34%) and “every living thing’ (21%). Answers related
to the category ‘every living thing’ contained conceptions about living creatures with no further
specification. For example, the student answer (student ID 72), ‘[f]or all living things, because biodi-
versity is important for the food chain for example’ fell into this category because the student did

not specify what is referred to as ‘living things’. This statement could include humans as well as
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animals, plants, etc, and we therefore coded it as ‘every living thing’. Least conceptions (17%) were

associated with the category ‘inanimate nature’.

60%

52%

50%
— 40%
34%
30%
21%
20% 17%
) I
0%

humans animals or plants  every living thing inanimate nature

Frequency (%

Categories

Figure 3. Frequencies of student conceptions to question 2. nconceptions = 240.

We categorized the reasons for question 2 separately (Figure 4). Of a total of 185 answers, 67%
were justified (njustification = 124) and generated 154 conceptions (Nconceptions = 154). Most of the justifying
conceptions were associated with the category ‘ecosystem services” (43%). These were further sub-
categorized as ‘research and medicine’ (36%), ‘food products’ (32%), ‘photosynthesis and air purifi-
cation’ (11%), ‘natural resources’ (11%) and ‘other’ (11%). For example, one student answer (student
ID 22) was, ‘[biodiversity] is advantageous for every viable organism: if there was no biodiversity
but only humans (not possible) ~ What would [humankind] live on? Where would the oxygen come
from? [...] On what would [humankind] write on (paper)?’. This answer contained three concep-
tions, which fell into the categories ‘food products’, ‘photosynthesis and air purification” and ‘natural
resources’.

The remaining conceptions were not related to humans and generated the categories ‘trophic
relations” (18%), ‘ecological interrelations’ (16%), ‘adaptability of species’ (13%), ‘species survival’
(6%) and ‘other’ (4%). For example, the student statement (student ID 23), ‘[f]or bees, because they

need the variety of plants” was coded as ‘ecological interrelations’.
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Figure 4. Frequencies of student conceptions on the benefits of biodiversity (question 2). ncon-
ceptions = 154.
3.3. Question 3: Should Biodiversity Be Protected?

Question 3 was answered by 77% of the students (Nanswers = 210). Of these students, 98% said
‘yes’ but only 60% of them (njustification = 145) gave reasons to justify their answer. We separated the
justifying conceptions (Nconceptions = 159) into two categories ‘environmental utilization” (30%) repre-
senting notions concerned with the value of biodiversity for humans and ‘environmental preserva-
tion” (70%), representing notions concerned with the value of biodiversity for animate and inanimate

nature (Figure 5).

80%

70%

70%

60%
€y
=
> 50%
<~
=
S a0%
2. 40%
2

30%

= 30%

20%

10%

0%

environmental preservation environmental utilization

Categories

Figure 5. Frequencies of student conceptions justifying the protection of biodiversity. ncon-
ceptions = 192.
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We further subcategorized the conceptions concerning ‘environmental utilization” into the sub-
categories ‘ecosystem services’ (91%) and ‘research’ (9%). The category ‘environmental preservation’
is composed of the six subcategories ‘preventing species extinction” (52%), ‘species interactions’
(28%), ‘adaptability of species’ (8%), ‘respect for nature’ (7%) and ‘development and evolution’ (5%).
For example, the student statement (student ID 31), ‘[...] no species should die out, for example just
because we clear rainforests’, is classified as ‘preventing species extinction’. An important result is
that only 7 out of 162 student answers justified biodiversity by expressing equally notions of envi-
ronmental preservation and utilization. The rest of the student answers contained conceptions solely

ascribed to one of the main categories.

4. Discussion

Existing research on conceptions of biodiversity primarily focuses on biodiversity awareness of
the public, university students or teachers with adults as the main target group [26,28,35,36]. Despite
their significance for biodiversity education, only a small body of research is concerned with adoles-
cent’s conceptions of biodiversity. The present large-scale study, therefore, monitored conceptions

of German secondary school students concerning biodiversity, its benefits, and protection.

4.1. Biodiversity is Equated with Species Diversity

Our first objective was to capture student ideas on the term ‘biodiversity’. Since our written
questionnaire design did not allow individual follow-up questions, our question contained both the
German term for ‘biodiversity’ (‘Biodiversitat’) and its synonym “biological diversity’ (‘biologische
Vielfalt’), to prevent mere word comprehension problems. Our findings coincide with our expecta-
tions and the existing literature, e.g., [26,30,31]. Most students equated biodiversity with species di-
versity, neglecting the dimensions of ecosystem diversity and genetic diversity. Three students at
least referred to genetic diversity indirectly. For example, one student (ID 16) wrote, ‘“There are many
different organisms within one species. None is just like the other. Each [individual] differs in at least
one feature from the others of its species.” Here, the student relates to the variety within species, i.e.,
genetic diversity, but does not explicitly express it.

Nevertheless, two dimensions of biodiversity, crucial for the understanding of the overall con-
cept, are not present in the vast majority of student conceptions. What might be the reasons for this
fragmented understanding? We suggest that possible sources are media and teachers. Previous re-
search on student conceptions has shown that media is an important source of information for stu-
dents and may increase the risk of the formation of alternative conceptions [37,38]. Lindemann-Mat-
thies and Bose [25] examined public familiarity with the term biodiversity and found that most par-
ticipants came across the term ‘biodiversity’ via media. Especially in Germany, the term ‘Artenviel-

falt’, which literally means ‘species diversity’, is still more commonly used outside the scientific
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community than the term ‘Biodiversitat’, which better characterizes the concept ‘biodiversity’. For
example, the term ‘Artenvielfalt’ was used in the German versions of the Eurobarometer surveys of
the European Commission until 2015 [28].

In addition, there are several studies arguing that teachers hold alternative conceptions them-
selves [39], which they quite likely pass on to their students. Our suggestion is consistent with Fiebel-
korn and Menzel [40], who examined preservice biology teachers’ conceptions of biodiversity. Qual-
itative interviews revealed that the participants reduced biodiversity to species diversity and held

alternative conceptions of genetic diversity.

4.2. Recognition of the Benefits of Biodiversity

Students named animate and inanimate nature as wells as humans as beneficiaries of biodiver-
sity with a slight majority on expressions about the environment. Almost all answers on humans as
beneficiaries contained ecosystem services, for example, provisioning of timber, medicine or food
products. It should be noticed here that no student actually used the term ‘ecosystem service’. We
therefore suggest that the students are not familiar with the concept as such, but they are still aware

of several goods and services provided by ecosystems.

The subcategories of ‘ecosystem services” were mainly provisioning and regulating services.
Remarkably few student conceptions included supporting and cultural services. For example, one
student addressed the aesthetic value of biodiversity by writing, ‘If everything was equal, the ‘as-
pects of beauty’ of the environment would be missing and it would be boring’. Here the student
directly refers to the aesthetic value of the natural environment and concludes that diversity is more
valuable than equality or monotony. We think that the majority of students are either not aware of
supporting or cultural ecosystem services or they prioritize provisioning and regulating services
over the other two. The latter suggestion is partly in line with Torkar [41], who measured students’
attitudes towards forest ecosystem services. Here, the students had to assign different priorities to
given ecosystem services. The students gave the lowest priority to cultural services, but in sharp
contrast to our findings, the students ascribed the highest priority to supporting services. As our
approach is different in that we used open-ended questions and did not measure attitudes as such,
we suggest that the majority of our students do not recognize cultural and supporting services.
Therefore, they seem to have a fragmented conception of the benefits of biodiversity for human wel-
fare. Taking into consideration the more rural location and catchment areas of the sample schools,
we would have expected students to express a greater appreciation for recreational values of natural
environments. The schools involved are located in Bavaria, Germany within areas geographically
characterized by contiguous forest and grassland ecosystems. We therefore presumed these ecosys-

tems to be a relevant part of the participants’ everyday life. Nevertheless, it was not within the scope
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of this study to compare rural and urban students. One possible reason for students not recognizing
cultural services is that they simply have too little experience in nature because they prefer other
types of leisure activities and can therefore not appreciate the aesthetic and recreational value of

natural areas.

4.3. Willingness to Protect Biodiversity

The vast majority of students expressed willingness to protect biodiversity but only 60% gave
reasons for their answer. The remaining 40% of students seem to have a positive attitude towards
preservation but are not able to explain their opinion. Support for biodiversity protection was mostly
justified by students expressing notions of environmental preservation. Notions of environmental
utilization were less frequent. Only seven students recognized both the value of biodiversity for hu-
mans and its environmental value. For example, one student wrote (ID 42), “Yes, because thereby we
can protect species and the food and user chain remains.” All the other student answers indicated
either ecocentric or anthropocentric values. Both views are united by the common goal to protect
biodiversity but differ in their justification. The main reason why students want biodiversity to be
protected for human welfare was the provision of ecosystem services. A frequent notion was that of
ecosystems as producers, for example of oxygen or raw material, like wood. Those students who
argued for biodiversity protection for environmental reasons, most frequently referred to the pre-
vention of further species extinction. Again, media may drive formation of these conceptions, as it

frequently covers endangerment of species.

4.4. Educational Implications

There are numerous studies concerned with challenges, guidelines, and approaches for biodi-
versity education [42—-45]. Our findings contribute to the further development of biodiversity educa-
tion strategies for formal and informal learning. Building an important element of ESD, the over-
arching goal of biodiversity education lies in enabling students to make informed decisions and be
capable of acting in a pro-environmental manner. Pro-environmental behavior has been shown to be
influenced and caused by various interdependent variables [46,47]. These include content
knowledge, knowledge on related abilities and skills, motivational abilities such as attitudes, values
and interest, feelings of self-efficacy but also socio-economic circumstances. For the present study,
we decided to focus on content knowledge as a variable, which has already been shown to have an
influence on adolescents” environmental behavior [48]. We understand conceptions of biodiversity
as building an important prerequisite for understanding environmental interrelationships and for

the development of positive attitudes towards the environment.

69



5 TEILARBEITEN

We suggest that every biodiversity education approach, first and foremost, needs to incorporate
a scientific definition of biodiversity that includes all three levels of biodiversity. Defining biodiver-
sity as species diversity is not completely wrong, but it is only half the story, and the whole concept
is much more complex. Since species diversity seems to be widely known, more emphasis has to be
placed on ecosystem and genetic diversity. Thereby, the complex topic offers the opportunity to con-
nect several curricular contents concerning ecology, evolution and genetics. Students cannot easily
understand the multidimensional concept of biodiversity. They need certain pre-knowledge in ecol-
ogy and genetics. For example, they need to know the biological species concept, the definition of an
ecosystem and interrelations within ecosystems, and they need basic knowledge in population ge-
netics, e.g., genetic variation. In our specific case, genetics is a compulsory topic of the curriculum
for the 9th grade of Bavarian secondary schools [49]. When teaching about biodiversity, educators
should stimulate this existing knowledge to facilitate learning processes and cognitive structuring

for learners.

Apart from the scientific definition of the concept, biodiversity education must include socio-
scientific aspects. We agree with Torkar [41] that the topic of ecosystem services can serve to foster
students’ understanding as well as an appreciation of ecological structures, dependencies, and func-
tions. Additionally, the socio-cultural context of ecosystem services encourages comprehension of
the linkage between ecology and economy. We think that it is crucial for sustainable development
that future generations understand and esteem nature’s services, which contribute to human wel-
fare. Our findings imply that it is important for educators to address all types of ecosystem services
since supporting and cultural services were not present in the vast majority of the participants” con-
ceptions. For an example of how to incorporate scientific as well as socio-scientific aspects of biodi-
versity within an educational module, please refer to Schneiderhan and Bogner [50]. We developed
a module that used the forest ecosystem as an example to raise awareness of biodiversity protection
and engaged students in a citizen science project to foster self-efficacy skills.

Biodiversity education approaches should also include outdoor experiences to foster students’
appreciation of the cultural values of biodiversity. Research indicates that outdoor education poten-
tially supports knowledge acquisition as well as environmental perceptions and estimations of na-

ture [51-53].

Prior to planning a lesson, it is advisable for educators to deal with possible alternative concep-
tions of the learners. Literature provides valuable information concerning many different topics. Oc-
casionally, however, it is worthwhile for teachers to capture conceptions of the respective students.

Additionally, educators should make themselves aware of their own conceptions and potential
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alternative conceptions by doing detailed research and using recent literature when preparing a

teaching subject.

Furthermore, our findings imply that biodiversity education needs to foster ecocentric attitudes.
In our case, the majority of students already had ecocentric conceptions of the benefits of biodiver-
sity, but 30% of the students argued for biodiversity protection from an anthropocentric point of
view. Even if both anthropocentrism and ecocentrism suggest positive attitudes towards biodiver-
sity protection, studies from Thompson and Barton [8] and Nordlund and Garvill [54] imply that
ecocentric attitudes are more likely to be translated into eco-friendly behavior than anthropocentric
values. Both studies found positive correlations between ecocentrism and pro-environmental behav-
ior and negative or non-significant correlations between anthropocentrism and pro-environmental
behavior. Additionally, Kibbe, Bogner and Kaiser [55] claim that, ‘the more people appreciate nature
for personal benefits, the more they preserve the environment’. We therefore conclude that it is im-
portant that students know and appreciate benefits of biodiversity for human welfare, but educa-
tional approaches should also stress biodiversity’s environmental value and importance, to stimulate
the willingness to protect biodiversity for environmental reasons and to contribute positively to the

development of pro-environmental behaviors.

4.5. Outlook

The method of using three-open ended questions represents a limitation of our study. We in-
tentionally chose this approach to avoid any constraints or bias imposed by closed or multiple-choice
questions as well as by interviews. If we had asked students about the value and protection of bio-
diversity in an interview, they would probably have been more inclined to answer according to what
they regard as socially acceptable. This methodological challenge, known as social desirability bias
(SDB) or socially desirable responding (SDR), has already been studied in environmental contexts
[56,57]. Nevertheless, interviews would have allowed a deeper insight into the participants” concep-

tions by enabling posing of subsequent questions.

Additionally, recruiting school classes through convenience sampling does not allow general-
ized conclusions for an entire population [58]. Future research focusing on adolescents from various
school types and social backgrounds would provide a deeper understanding and increased repre-
sentativeness of our findings on adolescent conceptions of biodiversity.

Additionally, our study leaves open the question of whether student conceptions of the value
and protection of biodiversity are consistent with their individual environmental value system. Is,
for example, a student’s human-centered concept of the benefits of biodiversity reflected in an over-

all anthropocentric view? A follow-up study needs to investigate that question by quantitatively
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monitoring the relevant values, applying the 2-MEV-model. This model conceptualizes the anthro-
pocentric and ecocentric views of young individuals, and it has been repeatedly and independently
confirmed by different angles of research [59-61]. Such a quantitative measure may cross-test the
semi-quantitatively extracted conceptual preferences. Consequently, a follow-up study will deal

with this issue.
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FutureForest — Promoting Biodiversity Literacy by Implementing Citizen
Science in the Classroom

Abstract

The terms Anthropocene and Homogenocene are frequently used to describe our current epoch,
which is characterized by strong human impacts on the environment. One defining feature of the
Anthro- or Homogenocene is biodiversity loss — experts say we are heading for Earth’s sixth mass
extinction. A crucial weapon in the battle against threats to biodiversity is education, particularly
biodiversity literacy. Raising awareness of the social and environmental value of biodiversity,
providing education on the concept of biodiversity, and promoting the ability to act may lead to
active and responsible citizenship. We developed a biodiversity education teaching unit to pro-
mote biodiversity literacy through formal education. To make the topic of biodiversity tangible for
students, our approach involves them in a citizen science project and uses the forest ecosystem to

illustrate the relations between economic, ecological, and social aspects of biodiversity.

Keywords: biodiversity education, biodiversity literacy, citizen science, 215 century skills
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Introduction

Today’s students are the decision makers of tomorrow. In the future, they will face individual as
well as political decision-making processes. We agree with Grace (2006) that education lays the foun-
dation for the development of active and responsible citizenship. In the case of science education,
this has also been referred to as “science for citizenship” (Kolstg, 2001). Future-oriented biology ed-
ucation needs to focus on socio-scientific issues to prepare students for active participation in deci-
sion-making processes involving aspects of science. If we equip students with the needed 21st-cen-
tury learning and thinking skills and the respective knowledge, they will be able to generate and

evaluate statements and opinions in debates concerning controversial socio-scientific topics.

We can define 21st-century skills as the set of skills and abilities students will need to make
informed decisions and succeed in their future work and life (Dede, 2010; McComas, 2014). We see
these skills as a determiner of active and participatory citizenship. Among others, the Partnership
for 21st Century Learning (2009) set up a framework to define and support 21st-century skills. At its
core are four learning skills, known as the four C’s: creativity, communication, collaboration, and
critical thinking. It also provides fundamental subjects and interdisciplinary themes, for example
environmental literacy, to be promoted and mastered by students. Here, we present a biodiversity
education teaching unit called “FutureForest,” which focuses on promoting the four C’s and biodi-

versity literacy.

Biodiversity literacy refers to knowledge and understanding of the concept of biodiversity
as well as of relevant behaviors that contribute to biodiversity preservation (Moss et al., 2014). We
regard biodiversity literacy as a subcategory of scientific literacy and environmental literacy. In the
current epoch, referred to as the Anthropocene or Homogenocene, we are headed for Earth’s sixth
mass extinction (Samways, 1999; Waters et al., 2016; Ellis, 2018). Biodiversity loss is a threat to nature
but also to humans, because our lives rely on several ecosystem services. Over the past two decades,
there has been a massive research effort on the impacts of biodiversity loss on ecosystem functioning
and provisioning of services. In the words of Cardinale et al. (2012), “There is now unequivocal evi-
dence that biodiversity loss reduces the efficiency by which ecological communities capture biolog-
ically essential resources, produce biomass, decompose and recycle biologically essential nutrients.”
An investigated example is the influence of soil biodiversity loss on ecosystem functioning. Wagg et
al. found that nutrient availability and plant diversity declined when soil biota diversity was reduced

(Wagg et al., 2014).

Ceballos et al. (2015) cut right to the chase of the matter: “Averting a dramatic decay of
biodiversity and the subsequent loss of ecosystem services is still possible through intensified con-

servation efforts, but that window of opportunity is rapidly closing.” Human activities are known
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to be primarily responsible for biodiversity change and loss. We therefore consider biodiversity lit-
eracy to be of high relevance for the development of environmental sustainability and biodiversity
preservation, because students need the knowledge to value biodiversity and the particular skills to
contribute to its preservation. The importance of education for the conservation of biodiversity has
also been recognized by politics. For example, biodiversity education is anchored in the Convention
on Biological Diversity and is part of its Aichi Biodiversity Targets (Secretariat of the Convention on
Biological Diversity, 2014). Here, our focus is also on raising people’s awareness for the value of
biodiversity and promoting ways to contribute to biodiversity conservation and sustainability (i.e.,
biodiversity literacy). Our teaching unit pursues these targets and fosters 21st-century skills such as
critical thinking, collaboration, communication, and creativity by exposing students to cooperative
learning, discussion, role-play, and innovative teaching methods like computer-mediated learning
and a school research collaboration (i.e., a citizen science project). In terms of content, we put the
focus on the utilization and preservation of biodiversity, using the example of the forest ecosystem.
We think that the forest ecosystem and its ecosystem services provide an example that is in line with
students’ reality. The lesson was originally designed for 10th-graders but may also be adapted to

suit other age groups.
Learning Objectives

In terms of content, we focused on the forest ecosystem and its sustainable utilization and protection.
Using the example of the forest ecosystem and forest soil organisms, the anticipated objectives of our
lesson were (1) for students to receive an overview of the ecological, economic, and social value of
biodiversity; (2) for students to gain an insight into the concept of biodiversity, based on the example
of soil fauna; (3) for students to come to realize that the ecological knowledge of species and identi-
fication skills form the basis of successful nature, species, and biodiversity preservation; and (4) for
students to develop an awareness of the negative impacts of human activity on biodiversity, based

on the example of global climate change and the forest ecosystem.
Details of Lesson & Exercise
Prior to the Lesson: Collection of Soil Samples

Within our teaching unit, we integrated a citizen science project on DNA barcoding, giving the stu-
dents the opportunity to actively take part in a real research process. Prior to their participation in
the learning module, the students collected forest leaf litter samples, which were extracted and
handed over to our campaign partner Barcoding Fauna Bavarica (part of the International Barcode
of Life Initiative), which intends to establish a library of DNA barcodes of all Bavarian species. The

advantage of this collaborative citizen science project between the participating students and the
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Bavarian Barcoding Initiative was twofold. On one hand, the barcoding researchers benefited from
receiving soil samples from various Bavarian regions provided by the students. The collection of
these various samples would have otherwise required a vast amount of time, great effort, and ex-
pense. The students, on the other hand, got the opportunity to be engaged in a real research process

and contribute to progress in science research and nature conservation.
Two Learning Modules in the Classroom

To expose students to learner-centered, authentic, and cooperative learning, learning at stations was
the method of choice. Based on two modules including four learning stations, the lesson required
180 minutes. Figure 1 illustrates the learning cycle and Table 1 provides an overview on the learning

activities.

Getting Started: Bio-what!?

What is Biodiversity

Station 4: Forest with a Future
What are the major threats to
biodiversity and how can it be

conserved?

Station 1: Providers of Well-being
Why is biodiversity valuable?
— ecosystem services and
environmental awareness

role play
Suiuies|-a

Station 3: Hidden Diversity
Why do we need knowledge
about species and
identification skills?

Station 2: Every Species Counts!

How can biodiversity be assessed?
— DNA barcoding and its relevance for
nature conservation

FutureForest

=
o
] o
© A
= (U]
= 7]

=
t =
[] =3
=) o

learning at stations (180 min)

Figure 1. Overview of the learning module “FutureForest” —biodiversity education using the exam-

ple of the forest ecosvstem.

In the course of the assignments, the students worked independently in small groups of four.
All necessary materials (e.g., info texts) were displayed at the stations, and a workbook provided the
tasks to be solved (see Supplemental Material Appendix A). At the beginning of every station, a short
introductory text outlined the learning content and the problem the students had to solve or the
challenge they had to face (see Figure 2). These texts were meant to grab the students’ attention for
the topic, promote their questioning attitude, and foster their foster situational awareness. Having
completed a learning station, the students had to check their results independently with the help of
an answer book. In such a learner-centered approach, the teacher takes on the role of an advisor
rather than a mediator of knowledge. They answer students’ questions but do not further intervene

in the learning process.
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Table 1. Overview of the module phases and learning activities.

Phase of Teaching | Learning Content Students Activity Time
(min)
Introduction introduction to the concept of biodi- Hands-on learning 20
versity (including all three dimen-
sions) and basic ecological ideas
Station 1: Forest ecosystem services providing Hands-on learning 30
“Providers of human well-being; relation to biodi- with an interactive
Well-being” versity; personal behaviors contrib- website
uting to forest preservation
- ’go Station 2: DNA barcoding and its applications Hands-on learning 30
% 'é “Every Species for biodiversity preservation (e.g., bio- | with an interactive
. N o .
'é jz Counts! diversity monitoring) presentation
Short break 10
Station 3: Identification of soil fauna; relation of | Examine samples 30
“Hidden Diver- species identification and preservation | under the micro-
sity” scope; using a di-
chotomous identifi-
cation key
E Station 4: Human activities influencing ecosys- Conducting a role 30
'§ “Forest with a tems and their services (here: monocul- | play
= Future” ture vs. species-rich forests)
Evaluation Review, summary, and evaluation of | Asking questions, 30

the group results

describing results,
complementing or

improving results

Station 2: Every Species Counts! — E-learning 24
fiaie 1
FutureForest

What if we were able to identify each and every animal, plant and fungus quickly and precisely? — This is
the vision of DNA barcoding researchers.

At this station, you will get to know what DNA-Barcoding is, what functions it has and how your soil sample
may contribute to the vision.

@ 1. Read the info leaflet. |

%’ 2. Name the advantages of DNA Barcoding for biodiversity monitoring.

Figure 2. Workbook section for station 2. A short introductory text outlines the learning
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Introductory phase

At the beginning, a short introductory phase ensured similar pre-knowledge about basic
ecological terms (species, ecosystem, etc.) and the three dimensions of biodiversity: species, ecosys-
tem, and genetic diversity. Every group received an envelope containing 21 pictures of different
ecosystems (a desert, a river, a coral reef, etc.), various forest animals, and several different-looking
squirrels. The students were asked to arrange the pictures in a meaningful way. Afterward, several
groups described their result, without any confirmation or rejection by the teacher. Then each group
got four different short texts about biodiversity and its three dimensions. Each student was asked to
read one text and to share the information provided with the group. Based on the exchange of infor-
mation, the groups were able to revise and rearrange the order of their pictures. The intended solu-
tion was to arrange the pictures into three categories representing the three dimensions of biodiver-
sity. We wanted the students to realize that biodiversity includes not only species diversity (e.g., the
different forest animal species) but also the diversity of genes that determine the different-looking
squirrels and the diversity of ecosystems. Next, the different outcomes were discussed in plenary.
At the end, the students were asked to formulate a definition of biodiversity and write it in their

workbooks.

After the introduction, half of the groups started with module 1 while the others began with
module 2. Each learning station required 25 minutes. Following a 10-minute break, the students

switched modules.
Brief Summary of Module 1
Station 1

At the first computer-mediated learning station, “Providers of Well-being,” the students
worked with an e-learning website (https://www.waldmitzukunft.de) that we had developed and
set up specifically for this purpose. The students had to solve two different tasks to complete this
learning station. At first, the students worked with an interactive image of a forest (Figure 3). By
clicking on different image regions, they were provided with information on all kinds of ecosystem
services. Ecosystem services are defined as goods and services that are provided by ecosystems and
contribute to human well-being. There are four categories of ecosystem services: provisioning ser-
vices (e.g., foods such as game meat or raw materials like wood), regulating services (e.g., erosion
prevention or pollination), cultural services (e.g., nonmaterial goods such as aesthetic or recreational
values), and supporting services, which form the basis of all ecosystem services (e.g., primary pro-
duction or nutrient cycle). All these goods and services are directly linked to human well-being.

Through the learning station “Providers of Well-being,” the students got to know the four categories
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of ecosystem services and learned how biodiversity relates to ecosystem functioning and conse-
quently determines the provision of ecosystem services and human well-being. If students clicked
on the image of a person walking, for example, a text on the recreational value of forests, a cultural
ecosystem service, was displayed. Our aim was for the students to recognize the value of the forest
ecosystem. In this example, the students should realize the social value of the forest as a place for
recreation and nature experience. The overall task for the students was to create a mind-map, which
would illustrate the four categories of forest ecosystem services in a reasonable way. After they got
to know the services provided by forests, the students were asked to make a list of environmentally
friendly behaviors contributing to the protection of the forest ecosystem — behaviors like using recy-
cled paper or buying certified wood and paper products. A solution page enabled the students to
check their answers and correct or extend their lists if necessary.

PRI e B

id mit Zukunfe
Future Forest ~ Task1 Task2

Provider of Well-being

Move the mouse over the picture to explore the services provided by forests

Figure 3. Screenshot of the first task on the learning website “FutureForest”. Here, students saw a
picture of a forest with its different functions and ecosystem services. By moving the mouse over
specific image regions students could explore the services provided by forests. By clicking on the
wood stack, for example, students got further information on the provision of the natural resource

wood.

Station 2

At the second e-learning station, “Every Species Counts,” the students worked with an interactive
PowerPoint presentation. The presentation gave the students an insight into the systematic record-
ing of biodiversity through DNA barcoding, a new method for species identification via DNA anal-

ysis. The information sheet contained instructions on how to work with the interactive
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presentation. The students had to click through the slides and read the information provided. At
some points, the students had to solve problems or answer questions.

The aims of this station were threefold. First, we wanted the students to understand the
method of DNA barcoding (i.e., the genetic principles that determine the approach). The students
learned that DNA barcoding relies on the identification and comparison of a species-specific gene,
the so-called DNA barcode. They learned that DNA barcodes enable the identification of species or
larvae that are hardly distinguishable morphologically. Second, we wanted the students to recog-
nize the benefits of DNA barcoding, particularly with regard to nature conservation efforts. For ex-
ample, the students learned that DNA barcoding requires only small amounts of DNA (e.g., parts
of an insect wing). This facilitates environmental monitoring because researchers can quickly ex-
amine water or soil samples for their species occurrence and composition. Third, we wanted the
students to realize their personal contribution to biodiversity conservation by collecting soil sam-

ples for the citizen science project.

Brief Summary of Module 2
Station 3

The third learning station gave the students a deeper insight into the species diversity of forest soil
organisms. We wanted the students to get to know the “hidden diversity” underground and the
important role of these organisms in the ecosystem. Earthworms may be widely known, but most
students may not be aware of the huge diversity of soil organisms. We wanted them to realize that
the variety of species is necessary to ensure the degradation and transformation of organic matter
(e.g., dead plants or leaves) and that a reduction in soil organism biodiversity would result in a de-

cline in nutrient availability and plant diversity.

For time and organizational reasons, we collected forest litter prior to the lesson. The organ-
isms were extracted from the soil using a Berlese funnel (also known as a Tullgren funnel). Because
the extraction takes 14 days, we decided, for organizational reasons, to provide the students with
already extracted and presorted samples. We gave the students eight different test tubes containing
already extracted soil organisms. This way, we could also make sure that each group was given the
same predefined organisms that were part of our simplified identification key. After they had read
a short instruction sheet on how to proceed with the identification, the students identified specimens

with a microscope and a simplified dichotomous identification key (see Figure 4 and Supplemental
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Material Appendix B). They narrowed the organisms down to the family, genus, or species level.

Every student group had to identify all eight forest soil organisms.

Figure 4. A student identifying a soil organism with the help of an identifi-

cation key and a binocular.

Station 4

Last but not least, at the fourth learning station the students took on roles as different interest groups
within a conflict situation about the utilization and protection of forests, in a future scenario of a
fictitious municipal forest. The role-play addressed potential future problems of conventionally
managed forests (e.g., impacts of climate change and bark beetles on monocultures), and the students
considered the advantages and disadvantages of naturally managed forests from different points of
view. The students were given a text on the future scenario, short informational texts on four topics,

and role cards with hints for each role. These can be found in Supplemental Material Appendix C.

First, the students had to read the fictitious scenario — about a forester in 2050, whose tree
monoculture is mostly destroyed as a result of drought, storms, and bark beetle calamities, all caused
by climate change — and answer the question of which problems occurred naturally within the ficti-
tious forest and which were due to mistakes or wrong decisions made by the forester. Then each
student had to read one of the short texts and share the information in it with the group members.
The texts contained information on the topics “dead wood,” “spruces and climate change,” “bark
beetles,” and “tree plantations vs. sustainable mixed forests.” After this information exchange, every

student had the same knowledge on the topics. Then the students took one role card each and
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prepared themselves for the role-play, which simulated a town hall meeting in the fictitious Future-
city between the new forester for the Futurecity Forest Service, a member of the Nature Protection
Society, a chairperson of the Futurecity Tourism Association, and a chairperson of the Hunting As-
sociation of Futurecity. The aim of the meeting was to develop a common concept for a sustainable

forest, the “futureforest.”
Alignment with the Next Generation Science Standards

The biodiversity education lesson meets several Next Generation Science Standards (NGSS) and in-
volves all three dimensions of the NGSS: crosscutting concepts (Stability and Change; Systems and
System Models), disciplinary core ideas (Ecosystem Dynamics, Functioning, and Resilience; Biodi-
versity and Humans; Developing Possible Solutions), and science and engineering practices (Con-
structing Explanations and Designing Solutions; Engaging in Argument from Evidence; Planning

and Carrying Out Investigations). Specifically, the learning activities meet the following standards:
+  2-LS4-1 Biological Evolution: Unity and Diversity

Make observations of plants and animals to compare the diversity of life in different habi-

tats.
«  3-LS4-4 Biological Evolution: Unity and Diversity

Make a claim about the merit of a solution to a problem caused when the environment

changes and the types of plants and animals that live there may change.
+  MS-LS2-5 Ecosystems: Interactions, Energy, and Dynamics

Evaluate competing design solutions for maintaining biodiversity and ecosystem ser-

vices.
«  HS-LS2-7 Ecosystems: Interactions, Energy, and Dynamics

Design, evaluate, and refine a solution for reducing the impacts of human activities on

the environment and biodiversity.

Further Research Reading

Our lesson was accompanied by a study concerned with different research questions. First, we fo-
cused on students’ conceptions of biodiversity and their attitudes toward its value and protection
(Schneiderhan-Opel & Bogner, 2019 ). We found that most students equate biodiversity with species

diversity and that the majority of participants are not aware of the other two dimensions (genetic
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diversity and ecosystem diversity); 46% of student statements included only one dimension, 97% of
which referred to species diversity. Only 2% of student statements referred to two dimensions, and
1% included all dimensions (the remaining statements included no dimension, inadequate answers,

or expressions of ignorance).

When students were asked, “Who can benefit from biodiversity? Give reasons for your an-
swer,” 72% of their statements referred to animals, plants, or nature; 52% were concerned with hu-
mans; and 43% of their “reasons why” were concerned with ecosystem services. For example, the
students mentioned the benefit of forests in the provision of timber and the ecosystem’s function in

supplying oxygen and binding carbon dioxide.

Additionally, when students were asked to provide reasons for the protection of biodiver-
sity, 70% of their statements revealed notions of nature preservation, and only 30% of the statements
implied notions of nature utilization. Further analysis of research questions on knowledge acquisi-

tion, science motivation, and fascination is in progress.
Supplemental Material Appendix

The following appendices are available with the online version of this article:

o Appendix A: Workbook

o Appendix B: Instruction Sheet and Identification Key for Learning Station 3

. Appendix C: Scenario, Information Cards, and Role Cards for Learning Station 4
Conclusion

To promote biodiversity literacy as well as 21st-century skills, our unit combined real-world
problems and future challenges concerning the socio-scientific topic of biodiversity. Our participat-
ing students especially enjoyed the student-centered, hands-on learning and seemed to be highly
motivated by getting the opportunity to actively take part in a real science research process related
to biodiversity preservation. Sustainable development depends on responsible and participative cit-
izens, and we think that biodiversity education units like ours are important for strengthening stu-

dents’ self-efficacy and sense of responsibility related to socio-scientific issues.
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Appendix A: workbook

FuturefForest

Using and Protecting Biodiversity

WORKBOOK

Date:

Name:

UNIVERSITAT
) BAYREUTH
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Appendix A: workbook

Useful information:

A. Teamwork:
Please, work together in groups of 4.
Always read the tasks carefully before you start.

B. Learning Stations:
This learning module consists of 4 learning station. You will be given 25
minutes to complete each station.
Please always leave the station as you have found it.

C. Order:
Half of the groups will start on the computers with the e-learning sta-
tions 1 and 2, while the others will do station 3 and 4. Then the groups
will swap.
D. Symbols:
E, written tasks
o . .
""‘ verbal tasks (discussions, role-play, game etc.)
(1) green info leaflets
E. Additional Tasks (A 1-A 4):

Do the additional tasks (page 11ff.), if you have time left after completing
the compulsory tasks.
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Appendix A: workbook

Getting started
i'HIIIIIlllIIII {11l

FutureForest

Getting Started: Bio-what!?

To warm up, we will take a closer look at the term biodiversity.

9
982 1. Open the envelope and take the pictures out of it. Put the pictures in a reasonable order.

L\

@ 2. Share the info leaflets with each other and read the texts.
#g? 3. Share the essential points of the info leaflets with each other.

=, 4. Give a definition of the term biodiversity.

Biodiversity
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Appendix A: workbook

Station 1: Providers of Wellbeing — E-learning

This learning station is about the importance and the value of biodiversity for humans. Using the example
of forests you will observe the services provided by ecosystems.

Open the website www.waldmitzukunft.de and log in with the credentials on display. Follow the in-
structions on the homepage and do the following tasks:

= 1. Createa mindmap, which illustrates the forest ecosystem services in a reasonable way and
refers to the four categories of them. You may find free space for your mindmap on the next
page.

=0 2. Click on the button “Task 2” on the homepage and follow the instructions.
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Appendix A: workbook

Mindmap: Forest Ecosystem Services
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Appendix A: workbook

Station 2: Every Species Counts! — E-/learning

What if we were able to identify each and every animal, plant and fungus quickly and precisely? — This is

the vision of DNA barcoding researchers.
At this station, you will get to know what DNA-Barcoding is, what functions it has and how your soil sample

may contribute to the vision.

A
@ 1. Read the info leaflet.

%,\ 2. Name the advantages of DNA Barcoding for biodiversity monitoring.
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Appendix A: workbook

sample name characteristic features
number

029 3. Play the game ,Matching Pairs - Soil Organisms” to test your identification skills and to find
out more interesting facts about soil organisms.

z,\ 4. Increasingly heavy machinery is used in commercial forests for timber harvesting. The pressure
on the soil endangers the soil biota. Make assumptions about the consequences of endan-
gered soil biota for the forest ecosystem.

Open the envelope “Help” if you need some advice.

Done! Please don’t forget to set up the station as you found it and place every
sample back in its container!
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Appendix A: workbook

g, 3. Now, each of you draws a role card out of the envelope on display. Read the role card and
— write down at least three arguments relating to your role.

4. Now you will hold the town meeting. Stick to the following rules:

9
[ ]
"\ » The head of the forest enterprise initiates the discussion and leads the town meeting. He
has the right to give the floor to somebody and to ask speakers to give up the floor, if

they deviate from the subject.

» Listen to each other carefully. Think of counterarguments or support the previous
speaker.

Try to open up new perspectives.
Search for possible clashes of interest.

If possible, develop a compromise, which is acceptable for everyone and which combines
the targets “utilization” and “protection”.

» The head of the forest enterprise ends the conversation at an agreed time.

E, 5. Write down your compromise.

10
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Appendix A: workbook

Additional Task Station 2

FutureForest

=|,1. Sum up possible applications of DNA Barcoding.

,2. Do an internet research to check your answer to question 1 and correct it if necessary.

12 source: pixabay
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Appendix A: workbook

Additional Task Station 4

FutureForest

= | Forests have the role of both the victims and the rescuer in global climate change. Comment
—" on this statement.

14
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Appendix B: instruction sheet (printed on green paper) and identification key for learning station 3

DYy

w What hides in leaf litter? “é@@é’

Identification Key for leaf litter invertebrates

a) walking legs are present -> 3 | arthropods
1 or
b) without walking legs, body wormlike with ring-like
segments =22
. . . . enchytraeids
a) lessthan 2 inch in length, usually yellowish or white
(potworms)
2 or
b) longer, usually reddish-brown earthworms
a) legs not jointed insect larvae
3 or (except beetle larvae)
b) jointed legs >4
a) 14 walking legs (7 pairs), body flattened woodlice
4 or
b) 6 walking legs or more (3 pairs or more) -5
a) 8 walking legs (4 pairs) - 6 || Arachnids
5 or
b) 6 or more than 8 walking legs (3 or more than 4
pairs) 29
a) body divided into two parts, distinct constriction spiders
behind the last pair of legs
6 or
b) without distinct constriction behind the last pair of || 7
legs
a) abdomen not segmented ->8
. or
b) abdomen segmented, first pair of appendages
(pedipalps) enlarged as pincers pseudoscorpions
a) legs more than twice as long as the body harvestmen
8 oder
b) legs shorter mites
a) 6 walking legs (3 pairs) - 13 || insects
9 or
b) more than 18 walking legs (9 pairs) - 10 || myriapoda
a) 4 legs (2 pairs) are attached to each body segment |- 12 || millipedes
10 or
b) 2 legs (1 pair) is attached to each body segment - 11 | centipedes
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Appendix B: instruction sheet (printed on green paper) and identification key for learning station 3

a) approx. 15 pairs of legs stone centipedes
11 or
b) at least 31 pairs of legs earth centipedes
a) roll up into spirals when disturbed or in immediate snake millipedes
danger
12 or
b) roll up into a ball when disturbed or in immediate
danger pill millipedes
a) wings or wing pads visible -> 14
13 or
b) without visible wings -> 15
a) without filaments or pincers on the end of the ab- beetles
domen
14 or
b) filaments or pincers on the end of the abdomen
present -> 15
a) distinctive mouthparts (mandibles), more than 6 beetle larvae
abdominal segments
or
15 b) forked springing organ (furcula) on the abdomen, springtails
6 or fewer abdominal segments
or
¢) a pair of forceps-like pincers earwigs

© Jennifer Schneiderhan
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Appendix C: Scenario, information cards and role cards for learning station 4

Futurecity — Scenario

The year is 2050. We are in futurecity. Average annual temperatures have risen due to climate
change. Persistent drought and lengthy heat waves characterize the summer months. Storms
and heavy rainfalls frequently occur during the mild winter months. The forester Collin Con-
ventional is responsible for futurecity’s municipal forest. Ever since, he practices conventional
forestry and grows spruces in monoculture. The wood of these fast-growing trees constantly
made good profits in the timber market. Collin Conventional even removed any dead wood
from his forest to sell it as firewood. However, during the last year he was less fortunate with
his spruces. At first, he lost a large part of his stock due to a heavy storm. Afterwards, a bark
beetle calamity mostly destroyed his tree plantation.

|
4"
]
\ E3
!
i

source: pixabay

Due to the consequences of Collin Conventional’s practices, the Future City Forest Service has
hired a new forester for recovering the municipal forest. The new Forester, Nathaniel Natural,
calls a town hall meeting, to decide on the future of futurecity’s forest.

The following representatives attend the meeting:

- the new forester for the Futurecity Forest Service

- amember of the Nature Protection Society

- the chairperson of the Futurecity Tourism Association
- the chairperson of the Hunting Association Futurecity

The aim of the meeting is to develop a common concept for a sustainable forest, the future-
forest.

Now, it’s your turn. Fulfill the tasks provided in your workbook and conduct the role play.
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Appendix C: Scenario, information cards and role cards for learning station 4

Dead Wood
What is dead wood?

The term dead wood describes standing or lying trees or parts of trees, which are mortified. It
is the last developmental step in a tree’s life and one of the most important structural element
of our forests.

Why is dead wood so important?

Dead wood is the basis of life for one third of all forest animal, plant and fungi species. This
includes for example 1,500 insect species, which use dead wood as habitat and food source.
Many of these species, for example the stag beetle, are endangered species that are under
conservation. Dead wood is therefore an indispensable part of a stable forest ecosystem and
for a rich biodiversity.

A male stag beetle with its characteristic Myriad fungi species live on dead wood.
mandibles resembling the antlers of a stag.

Spruces and Climate Change

Climate change threatens our forests, especially because trees living beings, which grow and
develop slowly. They are not able to act on changing environmental conditions at short notice.

Spruces will probably suffer the most, because increasing drought and decreasing rainfall will
worsen their conditions of growth. Enfeebled by drought stress, spruces will be vulnerable to
diseases and pest infestations. An increasing rate of storm events will threaten spruces addi-
tionally. With their very shallow roots, spruces are much more easily pulled down by a strong
storm than, for example, deep rooting pines.

A K* e

d spruces.

Drought stresse
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Appendix C: Scenario, information cards and role cards for learning station 4

Bark Beetles

Bark beetles are forest pests, which bore into the inner bark of trees to feed on the sugary
tissue and to reproduce. They mostly attack already weakened trees, because healthy trees
defend themselves by producing a greater amount of resin to literally drown the beetles and
their breed.

Warming temperatures and drought associated with climate change provide ideal conditions
for bark beetle reproduction and can lead to mass propagation. Trees already weakened by
drought are not able to produce enough resin and even healthy trees are not able to fight the
huge mass of bark beetles.

Especially tree monocultures suffer from such a pest mass reproduction. Imagine having
planted a garden full of parsley and a bevy of rabbits is after it. Planting a diversity of vegeta-
bles and herbals, would increase the chances of having something left to be harvested. The
same applies to a tree monoculture that is infested by bark beetles.

%‘-" £ _7 = -

A spruce monoculture infested by bark beetles. Bark beetle aisles in a trees’ bark.

Tree Plantations vs. Sustainable Mixed Forests

In Forestry, a monoculture is referred to planting only one tree species. Fast growing trees like
eucalyptus, pine or spruces planted in rank and file, promise quick money and good profit on
the timber market. On the one hand, these tree plantations are known to be an important
source of income for conventional forestry but on the other hand, the unnatural monocultures
are very species-poor and are less adaptable to changing environmental conditions.

In contrast, natural and sustainable forestry relies on a healthy mixture of coniferous and de-
ciduous trees with a balanced age structure. Naturally mixed forests are better equipped to
adapt to environmental changes. They provide a wide range of habitats, for example dead
wood, for many animal, plant and fungus species. Sustainably managed forests are therefore
characterized by a high biodiversity and ensure diverse ecosystem functions and services.

A tree monoculture. A naturally mixed forest.
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Appendix C: Scenario, information cards and role cards for learning station 4

You play the role of the new forester for the Futurecity Forest Service.

You pursue the following goals:

>
>

>
>
>

reforestation to a valuable, commercial timberland

production of high-quality timber

Futureci
construction of fences serving as defense for young trees against game bite

Forest ce

expansion of transport routes

removal of dead wood as a protection against bark beetle damage

You play the role of a member of the Nature Protection Society.

You pursue the following goals:

>

» reforestation through replanting to an adaptable mixed forest

YV V V

establishment of a nature conservation area Nature Protection

choice of native tree species
after reforestation only natural regeneration

high amount of dead wood

You play the role of the chairperson of the Futurecity Tourism Association.

You pursue the following goals:

>
>

YV V V V

recreational value of the forest comes first

rism
. 8
building a network of hiking trails q},{d "oo
$ )
set up a wildlife park 5 [~
2 E}
construction of a climbing crag to attract more tourists I

reforestation to a diverse forest for local recreation

preserving the forest as a cultural artifact for future generation

You play the role of the chairperson of the Hunting Association Futurecity.

You pursue the following goals:

>
>

>
>
>

silence within the woods
expansion of the game law

hunting to protect young trees against game bite

Hunting Ass
Futurecity

adjustment of the game population

reforestation to a species-rich forest
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The Relation between Knowledge Acquisition and Environmental Values
within the Scope of a Biodiversity Learning Module

Abstract:

Global biodiversity declines at unprecedented rates, mainly due to human-induced environmental
change. Biodiversity conservation is, thus, highly dependent on responsible and sustainable citizen-
ship. Educational efforts are regarded as an important means to foster awareness and pro-environ-
mental behavior. The present study monitors two factors considered to be particularly relevant for
promoting sustainable behavior: cognitive knowledge and environmental values. 205 students
(Mage =15.3) participated in a biodiversity education module including a citizen science (CS) activity
on DNA barcoding. With a pre-post-retention design, we measured cognitive achievement and en-
vironmental values, which are expressed by environmental utilization (UTL) and preservation (PRE)
as well as the appreciation for nature (APR). Overall, we found positive relations between
knowledge and PRE as well as APR, whereas UTL was negatively related to knowledge. In the whole
module and the sub-modules, cognitive achievement followed the usual pattern, with a substantial
short-term knowledge increase from pre-test (T0) to post-test (T1) following a moderate decrease in
the retention test (T2). Unexpectedly, a considerable sub-sample (n=103) deviated from the assumed
knowledge drop at T2 and showed an additional knowledge gain in a sub-module directly focusing
on the CS activity. Students in this sub-sample revealed significantly higher PRE and APR scores
compared to the rest of the students. We discuss these findings in relation to the implications for

educational CS.

Keywords: biodiversity education; citizen science; knowledge retention; biodiversity conservation;
biodiversity awareness; environmental values; education for sustainable development (ESD); envi-

ronmental education (EE)

1. Introduction

Conservation scientists repeatedly emphasize that the earth is facing a sixth mass extinction [1]. The
only recently released global assessment report on biodiversity and ecosystem services concluded
that nearly one million flora and fauna species are seriously endangered [2]. Major ecosystems, such
as wetlands, forests and coral reefs are changing rapidly. Human activities are considered the driv-
ing forces of environmental change and of the rising biodiversity loss. Not least because of this, the
current epoch is often referred to as the Anthropocene or Homogenocene [3,4]. The Intergovernmen-

tal Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) [2] identifies direct
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causes of global biodiversity loss which are determined by underlying indirect drivers of environ-
mental change. Indirect causes, including among other factors, overpopulation, consumer behavior,
international trade, industrial and technological changes, expansion of forestry and agriculture, have
led to the degradation of natural environments. Five consequences of these indirect drivers are con-
sidered mainly accountable for directly inducing habitat and species loss: overexploitation of natural
resources and species, land- and sea-use change, pollution, climate change and the introduction of
invasive species. Well-known examples of human-induced alterations of biodiversity are the impacts
of overfishing on oceanic environments or the reduction of forest ecosystems due to monoculture
cultivation. A generally accepted measure for the human impact on the environment is the ecological
footprint, which tracks human demand on biologically productive areas. According to data of the
Global Footprint Network’s National Footprint and Biocapacity Accounts, the global ecological foot-
print exceeds biocapacity, resulting in an ecological overshoot, which is steadily growing every year
at an average of two percent [5]. The global human footprint is overriding biocapacity because hu-
manity demands 1.7 earths worldwide [6]. The human impact on the environment varies geograph-
ically: the footprint of Germany, for example, exceeds the biocapacity by 199% [7]. Among the most
affected biomes in the world are Western Europe’s temperate deciduous forests, India’s tropical dry

forests and the tropical moist forests of Southeast Asia [6].

Human activities cause tremendous biodiversity loss causing irrevocable damage to the natural
world and, from an anthropocentric point of view, to human welfare. A biodiversity decrease can
lead to a loss in ecosystem functioning, which lessens the ability of nature to provide certain ecosys-
tem services, i.e., goods and benefits for human wellbeing [8]. According to the above-mentioned
IPBES report, most of these services are on a decline. This includes, for example, pollination, regula-
tion of climate or air quality, as well as soil formation and protection. Ultimately, by destroying
biodiversity, we are degrading our own basis of life. Ehrlich and Pringle [9] cut right to the chase of

the matter by stating;:

In short, although there are many uncertainties about the trajectories of individual populations
and species, we know where biodiversity will go from here in the absence of a rapid, transformative
intervention: up in smoke; toward the poles and under water; into crops and livestock; onto the table
and into yet more human biomass; into fuel tanks; into furniture, pet stores, and home remedies for
impotence; out of the way of more cities and suburbs; into distant memory and history books [9] (p.

11580).
1.1. Biodiversity education

Halting the biodiversity decline is one of the most critical challenges of our time. Approach-

ing this goal requires action, commitment and involvement not only of the scientific community or
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policymakers but also of the general public. A decrease in the above-mentioned human-induced
threats to biodiversity cannot solely be accomplished by political means such as imposing taxes, fees
or penalties [9]. Instead, multi-faceted approaches are needed for the implementation of conserva-
tion strategies, and their success strongly relies on the readiness of the public. Individual actions
such as conscious and sustainable consumer behavior play a key role in reducing the human impact
on the environment. Besides the urgency of the issue, studies point towards a rather limited biodi-
versity awareness among laypersons [10-12]. It has been repeatedly shown that biodiversity is often
reduced to species diversity [13,14]. There is a broad consensus on the importance of educational
measures to foster understanding and appreciation of biodiversity [9,15]. Developing knowledge
and raising awareness of biodiversity through education is regarded as a crucial driver for enhancing
engagement and an important measurement for sustainability development. Environmental
knowledge and competencies are required for making informed decisions or for taking part in dis-
cussions about socio-scientific issues [16,17]. Education is also one of the key measures proposed by
the Convention on Biological Diversity (CBD) ever since its ratification in 1992 [18]. It is embedded
in Article 13 and in the Aichi Biodiversity Targets. These targets are part of the Strategic Plan for

Biodiversity 2011-2020, which was adopted after conservation aims set for 2010 were not achieved.

Biodiversity has repeatedly been identified as a complex, interdisciplinary and elusive con-
cept [19]. The most obvious difficulty of biodiversity education lies in the definition of the concept.
It includes not only the diversity of species but also of genes and ecosystems [20]. More updated
definitions additionally include, among others, concepts such as relative frequency, composition,
spatial distribution and interaction of species, genotypes and functional groups within ecosystems
[16]. Several studies have shown that students and lay persons have a species-centered view on bio-
diversity, e.g., [14,16,20]. Students need to gain a more comprehensive understanding of biodiversity
in order to grasp the complex drivers and consequences of biodiversity loss mentioned above, which
affect the natural world as well as human wellbeing [9]. For example, ecosystem functioning and the
provision of ecosystem services can never be fully understood if the biodiversity concept is reduced
to species richness. Furthermore, biodiversity is defined as a socio-scientific issue because the un-
derlying interrelations of biodiversity loss and conservation attempts do not only require a scientific
and ecological understanding but include consideration of social, economic, political and cultural
aspects [21]. Thus, the topic has a normative and value-laden character because varying perspectives
need to be included in decision-making processes [22]. Based on the multi-dimensionality of the
topic, environmental education (EE) or education for sustainable development (ESD) are highly suit-
able approaches for biodiversity education [19,23]. Both approaches “acknowledge the relations and
interdependencies between environmental and socio-economic issues and both recognize biodiver-

sity as an important cross-cutting educational theme, and as a concept that can portray such
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complexities” [24] (p. 18). In the sense of EE and ESD, biodiversity can be understood as an interdis-

ciplinary educational task that must be comprehensively realized in all school types and subjects.

1.2. FutureForest—Engaging Students in Biodiversity Conservation

For the present study, a biodiversity education module called FutureForest [25] was designed
to raise awareness for biodiversity loss among students and to engage them in biodiversity conser-
vation. Focusing on biodiversity conservation with the example of the forest ecosystem, the module
involves students in a collaborative citizen science activity on DNA barcoding supplemented with

educational materials and activities in the regular biology classroom.

Within the last decade, citizen science (CS) has attracted increasing attention in science and
conservation research [26-28]. CS involves members of the public in authentic scientific research
[29,30]. In literature reviews by Follett & Strezov [27] and Kullenberg & Kasperowski [31], conserva-
tion biology was identified as a major thematic framework of CS publications available in the Web
of Science and Scopus. Biodiversity research is in particular benefiting from CS [32]. Engaging vol-
unteers in biodiversity monitoring enables the generation of large amounts of data and has already
considerably contributed to the global biodiversity assessment [33,34]. Having reviewed 388 biodi-
versity-related CS projects, Theobald et al. [35] point out that the considerable potential of CS for

biodiversity monitoring is still largely untapped.

In addition to its increasing popularity in scientific research, CS has gained consideration in
science and environmental education research [36,37]. Peter et al. [38] reviewed publications on the
educational impacts of biodiversity-related CS projects. They conclude that CS is a suitable approach
for biodiversity education. Most of the studies reviewed reported positive effects of CS on partici-
pants’ knowledge, attitudes and reported behavior. Outcomes that were found less frequently were
changes in participants' skills, self-efficacy and interest. For example, Jordan et al. [39] investigated
knowledge acquisition in a CS project on invasive plant species. They could show that participants

increased their species knowledge significantly by taking part in the project.

In summary, CS has gained ground in scientific research, and its positive impact on informal
learning is very promising. Most studies on the learning outcomes of CS projects evaluate the infor-
mal learning experiences of volunteer participants, while only a few studies are available which have
investigated CS as part of formal education approaches [40,41]. Our intention to integrate a citizen
science activity in our biodiversity education module was justified by two clear benefits that we
ascribe to citizen science. First, citizen science provides an otherwise rather rarely perceived oppor-
tunity in formal science education: to expose students to authentic scientific inquiry. Second, citizen

science, in our case biodiversity citizen science, makes it possible to directly involve students in
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biodiversity conservation because DNA barcoding plays a significant role in biodiversity assessment
and environmental monitoring, which in turn constitutes an essential requirement for preservation
activities. To our knowledge, only a few studies so far have evaluated approaches where citizen

science was integrated into formal educational interventions [40,42].

1.3. Knowledge Acquisition and Environmental Values

Biodiversity conservation lies in the responsibility of each one of us and requires responsible
citizenship as well as environmental stewardship. Environmental knowledge plays an important
role regarding active participation because knowledge and competences determine the development
of pro-environmental attitudes and behavior [43]. For example, in a study on behavioral intentions
towards global climate change, Bord et al. [44] identified an in-depth understanding of the causes of
climate change as a major trigger for supporting pro-environmental action. Furthermore, knowledge
and competences are needed to enable decision-making processes regarding socio-scientific issues
[45]. Besides knowledge, environmental behavior is assumed to be predicted by a person’s environ-
mental values [46]. The relation between environmental values and knowledge acquisition as well
as their influence on pro-environmental behavior is of high consideration for ESD and environmen-

tal education research.

A widely used instrument to measure adolescents” environmental values is the two major envi-
ronmental values (2-MEV) model by [47,48]. Over the last two decades, the two-dimensional struc-
ture of the 2-MEV model has been repeatedly confirmed by bi-national studies and independent
research groups [49-53]. The initial 69 item-set was refined and reduced to 14 items that sufficiently
measure two higher-order factors: Preservation (PRE) and Utilization (UTL). Preservation refers to
an altruistic, ecocentric perspective on the environment, including preferences to protect and con-
serve nature. Utilization, on the other hand, reflects an anthropocentric view on the environment,
focused on exploitative, egocentric use of natural resources. Following the definition by Rokeach
[54], the term “attitudes” refers to first-order factors, and the term “values” describes higher-order
factors. Thus, we will use the expression “environmental values” hereafter. In a recent study, PRE
and UTL were associated with a third concept: appreciation of nature (APR) [55]. It forms the oppo-
site pole to an exploitative utilization of natural assets and is reflected in the sustainable and con-
scious use of nature, e.g., for recreational reasons, without overexploiting the natural resources
[56,57]. Understanding the interactions between knowledge and environmental attitudes is of high
relevance to education sciences. Thus far, several studies have repeatedly linked knowledge acqui-
sition to the environmental values of preservation and utilization. However, studies vary in their
results, and the relationship between knowledge and the 2-MEV values do not seem to be completely

clarified yet. Boeve-de Pauw & Van Petegem [58] investigated the environmental knowledge and
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attitudes of 10 to 12-year-old students, revealing a positive relation between utilization and students’
knowledge. Fremerey and Bogner [59] examined the cognitive achievement of 12-year-old students
within an educational outreach-module on the topic of drinking water and reported a positive cor-
relation between the pro-environmental value preservation and students” knowledge scores, while
utilization showed no relation to knowledge acquisition. Additionally, Thorn and Bogner [60] re-
ported a positive relation of preservation and a negative relation of utilization with the cognitive
achievement of 13-year-old students within an environmental learning module on forest conserva-

tion.

2. Research Goals

The present study aims to (i) analyze the cognitive achievement of the participating students in
the whole module and the sub-modules, and (ii) examine the effect of the students” environmental
values on their cognitive achievement in the learning module. The following research questions are
applied:

RQ 1: To what extent does participation in the learning module affect the students’ short- and
long-term knowledge acquisition?

RQ 2: To what extent are the students’ environmental values preservation, utilization and
appreciation related to the expected knowledge acquisition?

We expect our module to have a short-term as well as a long-term effect on students’ content
knowledge. Furthermore, we anticipate utilization to negatively affect students’ learning, while we
assume preservation and appreciation to be positively connected to the participants’ cognitive achieve-

ment.

3. Materials and Methods

3.1.Sample

The sample consisted of 276 German 10th-grade students from the secondary, university pre-
paratory school (“Gymnasium”). Overall, 12 classes from seven schools participated in our project.
The schools were located more in rural areas and smaller towns in northern parts of Bavaria, South-
ern Germany. 205 full data sets were available for the evaluation (46.8% female, age: M+ SD =153 +
0.64). A test-retest group consisting of 35 students from two further classes from two schools com-
pleted the questionnaires without participating in the project (77.1% female; age: M + SD = 15.5 +
0.61). Teachers enrolled their classes for the project, and students’ as well as parents’ permission was

required for participation.

3.2. Project Content and Design
The overall aim of our educational effort was to increase knowledge on biodiversity and to raise

awareness for its conservation. Students participated in a 4-lesson learning module (180 min) on
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biodiversity using the example of the forest ecosystem. The example of the forest was used because
it was directly linked to the students’ environment and experience. The module consisted of four
sub-modules covering different aspects of biodiversity and its conservation and included a collabo-

rative citizen science activity.

Students collected forest soil samples for a national DNA barcoding project. DNA barcoding is

a method used to genetically identify species by using species-specific genetic markers, so-called

DNA barcodes [61]. To determine a species via DNA barcoding, its amplified DNA barcode must be

compared to already morphologically and genetically determined reference species in a barcode da-

tabase. The method, thus, relies on the establishment of an international database that contains all
recently known species. With the soil organisms contained in their soil samples, students contributed
to the expansion of this database. Beyond this goal, the participating scientists aim to find new, pre-
viously unknown species of soil organisms. Students were trained by their teachers for correct data
collection and were provided with a sampling protocol. The protocol, on the one hand, contained
tasks to be filled in by the students, and on the other hand summarized information on the collection
of the sample and the GPS location data, as well as on the correct handling of the soil to prevent it
from drying out. The students were asked to provide details on the sample location (e.g., plant and
tree composition of the respective forest). Together with the protocol data, the soil samples were sent
to the scientists for a barcoding analysis. A few months later, students were informed about the spe-
cies determination results with a letter containing the German and Latin species names, a phyloge-
netic tree and a picture of all the species that were found.

The content and tasks of the four sub-modules focused on different aspects of the overall topic:

(1) forests as providers of wellbeing: ecosystem services, including supporting, provisioning, reg-
ulating and cultural services.

(2) DNA barcoding: the use of the method for species identification and its direct relation to biodi-
versity conservation through environmental monitoring.

(3) species knowledge: the determination of forest soil organisms using a simple identification key
combined with a task on the importance of a diverse composition of soil organism species for
ecosystem functioning.

(4) human-induced threats on biodiversity: the impact of the cultivation of spruce monocultures

on local biodiversity (consequences of bark beetle calamities, climate change, etc.), including
the perspectives of different stakeholders in a future scenario role play.

Following a self-determination approach [62], students worked collaboratively and autono-
mously in small groups of three to four students, guided by a workbook containing all the necessary
information and task descriptions. The groups were self-responsible for completing the whole mod-
ule within the given time frame. Materials for each sub-module were provided at workstations that
were offered twice in the classroom to ensure a continuous workflow. Having completed a work-

station, students were asked to independently compare their results to a solution booklet provided
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at the teacher’s desk. A final teacher-guided wrap-up phase at the end of the module ensured the

verification and, where applicable, improvement of students’ results.

3.3. Instruments and Procedure

A paper-and-pencil questionnaire was used to monitor the knowledge and environmental val-
ues. The ad-hoc knowledge scale consisted of 25 program-specific multiple-choice questions. One
item was on the definition of biodiversity, while the remaining 24 items covered four knowledge
fields referring to the content of the sub-modules of the intervention: (i) ecosystem services and their
relation to biodiversity; (ii) the method of DNA barcoding and its use for biodiversity preservation;
(iii) identification of soil organisms and their role in the forest ecosystem; and (iv) threats to biodi-
versity using the example of the forest ecosystem (in figures and tables abbreviated as (i)
“ecoservice”, (ii) “barcoding”, (iii) “ident” and (iv) “threats”). We ordered the items randomly and
differently at each test time. Each item had four response options, only one of which was correct

(item examples are shown in Table 1).

Table 1. Knowledge test item examples for each sub-module. Correct answers in bold.

Sub-module Item Example Itercr;]lz}l’fﬁ-
Which protection cannot be provided by forests?
ecosystem a) protection against avalanches.
services b) flood protection. 0.55
<) protection against soil erosion.
d) earthquake protection.
The overriding goal of DNA barcoding is...
a) ...to capture global biodiversity.
b) ...to replace taxonomists.
DNA barcoding  ¢) ...to replace morphological species identification. 0.44
d) ...to identify individual species, which are difficult to iden-
tify
morphologically.
A diverse community of soil biota provides for...
a) ...storage of heat in the soil.
species b) ...decomposition of organic substances (dead remains of 072
identification plants and animals). ’
c) ...availability of water in the soil.
d) ...the conversion of carbon into nutrients.
You should advise a forester for the future to...
biodiversity a) ...always remove deadwood from the forest immediately.
threats b) ...to bet on a single tree species only. 0.62
) ...to plant a variety of tree species.
d) ...to plant non-native tree species from warmer regions.

To measure the environmental values, we used the 2-MEV and appreciation for nature items as
displayed in [55]. To measure the individual participant outcomes, our study followed a quasi-ex-
perimental design [63], including a pre-, post- and follow-up test as well as a test-retest group. Stu-

dents completed the questionnaire one or two weeks before (T0), directly after (T1) and six weeks
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after (T2) participation. We measured the content knowledge at all three test times, while we in-
cluded the 2-MEV scale at TO only. Each test took the students approximately 20 minutes. The bio-

diversity module, as well as the evaluation, took place during regular school hours.

3.4. Statistical Analysis

We used IBM SPSS statistics version 24 for the statistical analysis. Following the central limit
theorem, we conducted parametric tests [64]. We recoded responses of the knowledge test to “1” for
correct answers and “0” for false answers. All tests were computed using the sum scores of the over-
all 25 knowledge items or the 6 items relating to each sub-module. Consequently, high scores indi-
cate a good comprehension with 25 and 6 respectively presenting the maximum attainable scores.
Cronbach’s alpha reliability scores of the knowledge questionnaire were acceptable, except for TO:
aT0=0.654, aT1=0.745, aT2 = 0.796. We used the knowledge items of the test time TO to determine
the item difficulty levels (Figure 1). Ranging between 0.15 and 0.96, the items showed a suitable
range from easy to difficult. A Shapiro-Wilk-Test showed a normal distribution of the item difficul-

ties (p = 0.31).
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Figure 1. Distribution of item difficulties of the 24 knowledge items of the four sub-modules. Lower
scores indicate more difficult items.

Repeated measure analyses of variance (ANOVAs) was used to determine knowledge differ-
ences between the test times T0, T1 and T2. In cases of a significant Mauchly’s test showing a viola-
tion of sphericity, we used a Huynh-Feldt adjustment for correction. Post-hoc analyses were Bonfer-

roni-corrected.
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A two-tailed Pearson correlation with Bonferroni-corrected p-values was used to examine rela-
tions between knowledge and 2-MEV at TO, T1 and T2. Based on the mean scores of the environmen-
tal value variables, we conducted a quartile split to compare the bottom and upper 25% of the sample
concerning their cognitive achievement. Upper quartile participants (high scorers) were referred to
as students with high utilization, preservation or appreciation preferences, while lower quartile par-
ticipants (low scorers) were referred to as students with low preferences in the respective environ-

mental value.

For all group differences that were reported, we used unpaired t-tests for intergroup compari-
sons and repeated measure ANOVAs for intragroup comparisons. Due to multiple testing, a Bonfer-
roni correction was applied. To examine whether learning effects within a sub-sample were depend-
ent or independent from membership in one of the 12 school classes, we calculated a corrected con-

tingency coefficient Ceorr for the association between the two nominal variables of group affiliation.

4. Results

4.1. Cognitive Achievement within the Learning Module (RQ1)

First, we examined the knowledge score change for the entire knowledge test (Figure 2). The
repeated-measures ANOVA with a Huynh-Feldt correction revealed a significant difference be-
tween the three test times, F (1.91,388.63) = 108.20, p < 0.001, partial n2 = 0.35. On average, students
answered 11.48 (SD = 3.45) questions correctly in the pre-test, 15.21 (SD = 3.66) in the post-test and
14.13 (SD = 4.41) in the retention test. The maximum score achieved was 21 at T0, 22 at T1 and 23 at
T2. A Bonferroni-adjusted post-hoc analysis revealed a significant increase of the mean knowledge
scores from TO to T1 (MD = 3.72, p < 0.001) and a decrease from T1 to T2 (MD = -1.04, p = 0.001).
Knowledge scores at T2 remained higher than pre-knowledge scores (MD =2.69, p <0.001). An anal-
ysis of the test-retest group mean knowledge scores for all test times revealed no significant results,
F(2,6) = 3.65, p = 0.09. Thus, we assume that the learning effects caused by the repeated application
of the knowledge questionnaire can be precluded. Additionally, unpaired t-tests with a Bonferroni
correction revealed no statistically significant difference between the treatment group and the test-
retest group at TO, t (238) = 0.55, p = 0.585. At T1 and T2 there was a significant difference between
the groups, T1: t (40.86) = 5.51, p < 0.001; T2: t (238) = 3.36, p = 0.003.
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Figure 2. The knowledge sum scores for the whole module at all test times; N = 205; error bars show
95% CI.

Second, we analyzed the knowledge change for all sub-modules separately (Figure 3). Repeated
measure ANOVAs for all knowledge fields revealed significant knowledge sum score differences
between the measurements (ecosystem services: F (2,408) = 42.51, p < 0.001, partial n> = 0.17;, DNA
barcoding: F (1.95, 397.63) = 25.05, p < 0.001, partial n)? = 0.09; species identification: F (2,406) = 44.68,
p <0.001, partial n? = 0.18; biodiversity threats: F (2,408) = 53.15, p < 0.001, partial 2 = 0.21). We ob-
served a knowledge decrease between T0 and T1 for all knowledge fields and a moderate knowledge
decrease between T1 and T2 for the knowledge fields “ecosystem services” and “species identifica-
tion” (Table 2). The decrease within the field “biodiversity threats” was not significant. Moreover,
we found a further knowledge increase from T1 to T2 within the knowledge field “DNA barcoding”.
We investigated this effect for the test-retest group, who did not participate in the intervention. The
repeated measure ANOVA determined no significant differences between the measurements, F

(2,68)=1.81, p=0.172.
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Figure 3. The knowledge sum scores of the knowledge fields of the four sub-modules at
the three test times; TO: pre-test; T1: post-test; T2: retention test; ecoservice: knowledge on
ecosystem services; ident: species knowledge about soil organisms; threats: knowledge on
threats to biodiversity; barcoding: knowledge on DNA barcoding; N = 205; error bars show

95% CL

Table 2. The results of the Bonferroni-adjusted post-hoc analysis of the repeated measure
ANOVA for the knowledge scores within the four sub-modules; N = 205.

Knowledge Differences between Test Times

Sub-module

T1-TO T2-T1 T2-T0
MD P MD p MD P
ecosystem services 089 <0.001 -035 0.001 0.54 <0.001
DNA barcoding 0.33 0.005 041 0.002 0.74 <0.001
species identification 096 <0.001 -0.48 <0.001 047 <0.001
biodiversity threats 1.06 <0.001 -0.21 ns. 0.85 <0.001

4.2. Relation between Knowledge and Environmental Values (RQ2)

The initial step in evaluating the relationship between the participants” knowledge acquisition

and the environmental values was a correlation analysis. With the Bonferroni correction applied,

preservation correlated positively with the knowledge scores of all test times, whereas utilization

showed negative correlations with knowledge. The appreciation scores were positively correlated

with the knowledge scores of the retention test (Table 3).
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Table 3. Pearson correlation between the knowledge scores and 2-MEV and APR. UTL:
utilization; PRE: preservation; APR: appreciation. Bonferroni corrected p values: *p < 0.006;

**p <0.001; ***p <0.0001.
knowledge T0 T1 T2
UTL
r -0.272%*  —0.249** -0.220*
p <0.0001 <0.0001 0.002
PRE
r 0.214* 0.264** 0.280***
p 0.003 <0.0001 <0.0001
APR
r 0.066 0.180 0.287***
p n.s. n.s. <0.0001

In a second step, we compared the cognitive achievement of students with low or high environ-
mental values (Figure 4a-c). At TO and T1, students with high utilization preferences (n = 67) showed
significantly lower knowledge scores than students with low utilization values (n = 45); T0: MD =
2.44, 95%-CI [1.20, 3.68], t (110) = 3.90, p <.001; T1: MD = 2.01, 95%-CI [0.75,3.30], t(109.92) =3.15, p =
.006; T2: t (110) =2.10, p =.12. At all test times, students scoring high on preservation (n = 49) showed
significantly higher knowledge scores than students with low preservation preferences (n = 56); TO:
MD = 1.98, 95%-CI [0.63,3.34], t (103) =2.90, p = .015, T1: MD =2.79, 95%-CI [1.33,4.30], t (103) = 3.80,
p <.001; t (102.70) = 3.53, p = 0.003., T2: MD = 2.90, 95%-CI[1.27,4.54], t(102.70) = 3.53, p = 0.003. Only
at T2, participants with high (n = 44) appreciation preferences scored significantly higher than stu-
dents from the lower quartile group (n = 56); TO: t (98) = 1.13, p = .786; T1: t (98) = 1.13, p = .786; T2:
MD = 3.34, 95%-CI [1.58,5.10], t (89) = 3.80, p < 0.001.
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Figure 4. (a) The knowledge sum scores for all test times classified after participants’ affil-

iation to the upper or lower quartile of the variable utilization (UTL). Low: mean score <

1.57, high: mean score > 2.0. Error bars show 95% CI. (b) The knowledge sum scores for all

test times classified after participants’ affiliation to the upper or lower quartile of the vari-

able preservation (PRE). Low: mean score < 3.29, high: mean score > 4.14. Error bars show

95% CL. (c) The knowledge sum scores for all test times classified after participants’ affilia-

tion to the upper or lower quartile of the variable appreciation. Low: mean score < 1.86,

high: mean score > 2.86. Error bars show 95% CL

In a final step, we compared the upper quartile groups of the variables utilization and preser-
vation, which we refer to as “utilizers” and “preservers” (Figure 5). With the Bonferroni correction

applied, “Preservers” showed significantly higher knowledge scores at TO (MD =2.21, t (100) = 3.19,
p=0.006), T1 (MD =2.48, t (100) = 3.19, p = 0.006) and T2 (MD = 2.50, t (99,94) = 2.93, p = 0.012).

4.4. Characteristics and Results of the Sub-sample with Knowledge Increase at T2

As stated above, when analyzing the knowledge scores for all sub-modules separately, we
found a significant knowledge increase from T1 (post-test) to T2 (retention test) within the sub-mod-
ule DNA barcoding. Further analysis of this unexpected result revealed that a sub-group of n =103
students showed higher knowledge scores at T2 compared to T1. This sub-sample is almost equally
composed of girls and boys (49.5% female). For reasons of simplicity, we will refer to this sub-group
as “students with knowledge increase at T2”, although this knowledge increase only applies to the
sub-module DNA barcoding. To examine a potential relation between membership in one of the 12
school classes involved and belonging to the sub-samples of students with knowledge increase at
T2, a contingency analysis showed no significant relation between the nominal variables “school

class” and “sub-sample”, Ceorr = 0.199, p = 0.895.
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To further characterize the sub-sample, we compared the 2-MEV and APR mean scores between
the two sub-samples: the student group who increased their knowledge on DNA Barcoding at T2 (n
=103) and the students who did not show this effect (n = 102). Students with a knowledge increase
at T2, APR with a medium size effect, APR: 95%-CI [0.14,0.58], t (185) = 3.20, p = .006, d = 0.47. With
the Bonferroni correction applied, we found no significant differences between the sub-samples for
the environmental values PRE and UTL, PRE: 95%-CI [0.01,0.32], t (193) =2.09, p = 0.114, UTL: 95%-
CI [-0.16,0.09], t (195) = 0.58, p = 1 (Figure 6).
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Figure 5. The knowledge sum scores for all test times classified after participants’ affiliation
to the upper quartile of the variables preservation (preserver; mean score > 4.14) and utili-
zation (utilizer; mean score > 2.0). Error bars show 95% CIL.
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Figure 6. The mean score differences in the environmental values of the two sub-samples formed; no
increase at T2: students who did not show a knowledge increase between T1 and T2 in the sub-mod-
ule DNA barcoding; increase at T2: students who showed a knowledge increase between T1 and T2

in the sub-module DNA barcoding. N = 205; error bars show 95% CI.

5. Discussion

Our educational approach significantly improved students” environmental knowledge on bio-
diversity. Regarding biodiversity loss, our results are promising: even short-term education modules
may effectively increase short-term as well as long-term knowledge on biodiversity and sensitize
students to biodiversity conservation. As expected, knowledge scores dropped moderately after six
weeks but remained well above the pre-knowledge level. This pattern is consistent with earlier stud-
ies assessing environmental knowledge acquisition using different instructional approaches and
within various learning environments. For instance, Schumm and Bogner [65] evaluated a three-
lesson classroom module, which engaged students in eight learning stations on the topic of renewa-
ble energies. Following a similar testing schedule with three test times, they found a short-term
knowledge gain directly after module participation and a moderate knowledge drop after six weeks.
Similar results were reported by Schénfelder and Bogner [66], who compared the effects of a com-
puter-mediated and an outreach learning approach on environmental knowledge acquisition con-
cerning bees. Fancovicova and Prokop [67] reported persistent knowledge gain on plants even three

months after participation in an outdoor intervention. Furthermore, knowledge levels measured six
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weeks after participation in student-centered educational programs may be interpreted as long-term
knowledge because they have shown to be persistent. Schmid and Bogner [68], for instance, observed
students’ cognitive performance in a short-term educational intervention on the topic “the sense of
hearing” at four test times: two weeks before, directly after, six weeks after, twelve weeks after par-
ticipation. The knowledge levels followed the above-mentioned pattern constant at the six-week
level. Additionally, Marth and Bogner [69] evaluated cognitive achievement within an educational
module on bionics using the same time frame but adding another test time after one year. Even after

one year, the knowledge scores remained at the six-week level.

Furthermore, our findings confirm previous studies showing an association between environ-
mental values and knowledge acquisition. Consistent with Dieser and Bogner [70], we found a pos-
itive linear relation between overall knowledge scores and PRE as well as APR and negative corre-
lations with UTL at all test times. The negative correlation between UTL and knowledge suggests
that higher utilization scores lead to a lower cognitive achievement. This assumption has already
been made by Lieflainder and Bogner [71]. They assume a measurement bias, for example a ceiling
effect, to be responsible for the missing linear relation between knowledge acquisition and PRE.
Roczen et al. [46] already postulated positive relations between appreciation towards nature and

environmental knowledge in a pro-environmental competence model.

Additionally, the comparison between the knowledge levels of the extreme groups (upper and
lower quartile students of the environmental value variables) further support our assumptions. Stu-
dents with high utilization preferences showed lower pre- and post-knowledge levels than partici-
pants with low utilization values. The effect was not significant in the retention test. In the long term,
students holding high utilization scores were able to catch up on the advantage of the lower quartile
students. In comparison, high preservation preferences determined higher knowledge scores at all
test times. Students already holding higher pre-knowledge scores maintained their lead over stu-
dents with low preservation scores throughout the intervention. An effect of high appreciation scores
only became significant in the retention test. Students with lower appreciation scores retained sig-
nificantly less knowledge than the participants holding higher appreciation values. The comparison
between the two extreme groups “preservers” and “utilizers” also revealed lower learning outcomes
for students with high utilization preferences. “Preservers” did already show higher pre-knowledge
scores, and the differences in cognitive achievement increased throughout the test times. We cannot
draw causal relationships from our analysis, but the results indicate that students with high PRE and
APR preferences may perform better on environmental learning topics than students with high uti-
lization preferences. This assumed performance gap will especially become observable in the long-

term view. Nevertheless, all participating students have shown knowledge gain through the
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participation in our learning module, and the effect of utilization preferences on cognitive achieve-
ment decreased slightly from TO to T2. We assume that the focus on both the preservation and the
sustainable use of the forest ecosystem was appealing to students with preservation as well as utili-
zation preferences. We can only assume from the decreasing effect of utilization on the post- and
retention-knowledge and the effect of appreciation on the knowledge retention, that our learning
module fostered an appreciative use of the ecosystem services provided by forests. However, it is a

limitation of our study that we did not measure the environmental values throughout all test times.

One unanticipated and somewhat surprising result was that a sub-sample of n =103 out of N =
205 students increased their knowledge scores on DNA barcoding from T1 (post-test) to T2 (retention
test). As stated above, knowledge scores in intervention studies with a pre-post-retention design
usually follow a pattern characterized by an increase in knowledge scores at T1 which drops mod-
erately at T2. In a study by Sturm and Bogner [72] comparing student-centered with teacher-centered
learning approaches, two of three treatment groups showed no statistical knowledge decrease at T2.
The scores remained at the T1 level. Scharfenberg et al. [73] reported a knowledge increase within a
control group which did not participate in an intervention and discussed potential reasons for this
finding. Based on the assumptions by Scharfenberg et al., we can rule out some potential explana-
tions of our findings and possible bias of the data.

First, we suspected a bias caused by the questionnaire. We found no significant knowledge
score increase between the test times in the test-retest group. They completed all the three question-
naires within the same time frame as the study group but did not participate in the module. We can,
therefore, exclude, that knowledge increase at T2 was caused by learning effects due to repeated

confrontation with the questionnaire.

Second, an external influence caused by media reports may have led to the observed effect. In
their study on students’ attitudes towards gene technology, Schweiger and Brosius [74] assumed
media coverage on cloning trials to have affected control group results. To our knowledge, there was
no specific incident that was related to the topic and that was reported by the media when the study
took place. There were two months between the retention test of the first and that of the last partici-
pating school class. An event influencing students within all classes should have been explosive
news of high media coverage over a long period of time. We also think that such an event would
have affected more than half of the participating students as well as the test-retest group. Even if it
seems very unlikely, we cannot completely rule out this potential influence, and a statistical verifi-

cation is not feasible.
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A third plausible explanation for the improved cognitive achievement at T2 would be that
teachers consciously or unconsciously biased the results. Though they were asked not to further deal
with the topic until the completion of the study, it seems quite likely that the teachers prepared the
content of the questions with their individual classes for the upcoming retention test or for an inter-
nal exam. Teachers might have done follow-up work after the intervention, either to close the topic
or to improve their students’ performance in the study. A contingency analysis revealed no signifi-
cant association between the sub-groups and the membership in a school class. Students who in-
creased their knowledge on DNA barcoding from T1 to T2 are spread among the twelve participat-
ing school classes. We think it is not very likely that all teachers prepared their classes and that only
some students in every class profited from the preparation. In addition, if teachers had done a follow-
up of the intervention, they would have covered all sub-modules. We could only find the learning
effect at T2 for the contents of the DNA barcoding sub-module. In summary, we can quite certainly

exclude a learning effect biased by the teachers.

Taking the above-mentioned possibilities into account, we assume that the knowledge increase
of one sub-group of our sample can be quite likely attributed to the students themselves. It seems
possible that the respective students dealt voluntarily with the contents after project participation.
Since performance improved on the topic of DNA barcoding only, it might be related to the citizen
science activity. The activity may have influenced students’ interest and curiosity for the topic. DNA
barcoding is not a curricular topic, and the participating students most probably never heard of it
before participating in the intervention. An aspect that might have influenced students’ curiosity
could be that they were still awaiting the DNA barcoding results of their samples when they com-
pleted the retention test. Hiller and Kitsantas [42] have already reported positive impacts of a one-
day CS activity on students” interest. The effects of CS projects on students’ interest development
might be a promising aspect to be considered by further research in the field of CS in formal educa-

tional contexts.

Surprisingly, the sub-group with a knowledge increase at T2 differs from the rest of the sample
in showing higher APR values. The effect for PRE was not considered significant due to the Bonfer-
roni correction, but a tendency towards higher PRE scores was observable. As Schumm and Bogner
[75] assumed, students with positive, biocentric attitudes towards the environment might be more
willing and motivated to learn when lessons deal with environmental topics. The focus on biodiver-
sity conservation and the citizen science activity might have been more appealing to those students
already holding higher pro-environmental values, leading to an interest and higher engagement in

learning even beyond the participation in our module.
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6. Conclusions

As the general public still tends to show a rather low awareness for biodiversity, educational
efforts to foster responsible citizenship and to engage more people in biodiversity conservation are
needed. With our innovative short-term intervention, including a citizen science approach in an ed-
ucational module, we could successfully achieve long-term knowledge gain on the topic of biodiver-
sity conservation. Our study once again highlights the importance of considering the impact of en-
vironmental values on students’ cognitive achievement in EE and ESD approaches. Due to our study
design, we cannot draw conclusions on the potential effect of the citizen science activity as such,
since overall learning effects are presumably caused by the educational materials provided. How-
ever, our findings indicate that students with higher pro-environmental values benefit more from
educational citizen science activities. Future studies need to investigate the potential benefits of citi-

zen science in formal educational contexts in terms of knowledge acquisition and attitudinal change.
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How fascination for biology affects students’ learning in a biodiversity citizen

science project

Abstract

One way of engaging the public in major environmental issues, such as biodiversity loss, is citizen
science. Up to now, the potential of implementing citizen science into formal learning environments
has remained largely unconsidered. We engaged 276 German 10th graders in a collaborative citizen
science project on DNA barcoding as part of a biodiversity education module. Our research focused
on monitoring the relation between fascination for biology and students’ cognitive performance.
Following a pre-post-retention design, we measured content knowledge and fascination one week
before, one week after, and six weeks after participation in the project. Our findings indicate fasci-
nation to be a variable positively related to science learning: in relation to their pre-knowledge
scores, all students showed short-term knowledge gain. In the long-term, however, students with
high fascination scores retained more knowledge than students with intermediate or low fascination

scores.

Keywords: science fascination, long-term learning (tenacity), DNA barcoding, science motivation,

interest, citizen science

1. Introduction

“Humans are driving one million species to extinction” (Tollefson 2019) — headlines like these went
viral after the release of the IPBES’ 2019 Global Assessment Report on Biodiversity and Ecosystem
Services. Once again, the report highlighted the topicality of biodiversity loss and underlining the
urgency for global action. Biodiversity threat has become a socioecological issue, which does not
only concern scientists and policymakers but requires public involvement. A promising approach to
trigger a sense of responsibility for ecological topics and foster responsible citizenship and environ-
mental stewardship is citizen science. Defined as engagement and participation of volunteer layper-
sons in real scientific research, it is an increasingly used concept for ecological research (Dickinson,

et al., 2010).
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Citizen Science as an educational tool

Rising numbers of citizen science projects have led to increased interest in evaluating the impact of
citizen science. While most research effort has been focusing on the scientific impact of citizen science
projects, such as quality and validity of data collected by volunteers (Vitone, et al., 2016), an increas-
ing amount of studies is concerned with the educational impact of citizen science (Bonney, et al.,
2017). Considering the growing number of citizen science projects and related studies on their posi-
tive impacts, we regard citizen science as a feasible educational tool. However, we believe that the
fruitful effects of citizen science, including its scientific, social, and educational impact, heavily de-
pend on the authenticity of citizen science projects (Bonney, et al., 2014). The collection of authentic
data and the actual contribution to real research processes is, therefore, a key element in our defini-

tion of educational citizen science.

The positive impact of citizen science on informal science learning and public understanding
of science is already discussed in current research (e.g. Bonney, et al., 2016). For example, Brossard,
Lewenstein, and Bonney (2005) reported a significant increase in volunteers’ knowledge on ornithol-
ogy after having participated in a project focused on bird nesting behavior. Jordan et al. (2011) also
showed growth in participants’ knowledge, in this case on invasive plant species. In addition to
knowledge outcomes, Price and Lee (2013) monitored the positive impacts of a long-term citizen

science project on participants’ scientific attitudes and science literacy.
Citizen Science in the Classroom: FutureForest

In our project, called FutureForest (Schneiderhan-Opel & Bogner 2020), we included citizen science
as an educational tool in a formal educational setting. The participating students were engaged in a
DNA barcoding project. DNA barcoding is a method of genetic species identification (Hebert, et al.,
2003). Short nucleotide sequences of marker genes function as so-called DNA barcodes (Hebert, et
al.,, 2003). In the case of animals, fragments of the mitochondrial cytochrome c oxidase I (COI) have
proved to be successful (Hebert et al., 2003). “Once a DNA barcode sequence is generated from an
unidentified specimen, it can be matched to a database of barcode sequences derived from expert
identified reference specimens” (Naaum, Frewin, & Hanner, 2013: 2). Thus, DNA barcoding strongly
relies on the correct morphological identification of these reference specimens, also called voucher
specimens (Collins & Cruickshank 2012). In very simple terms, this matching process is analogous
to the use of Universal Product Codes, which make products at the supermarket scanners identifia-
ble (Hebert, et al., 2003). Numerous studies demonstrate the remarkable success of the method (e.g.
Moriniere et al. 2016; Raupach, Hannig & Wagele, 2010; Smith & Fisher, 2009). Despite the benefits

of the method, however, it must be noticed that the use of short, mitochondrial DNA sequences for
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species identification cannot be guaranteed to be error-free and is discussed critically (Collins &

Cruickshank 2012; Dasmahapatra & Mallet, 2006).

Within the FutureForest project, students contributed to a real research process by collecting
forest soil samples to support the Barcoding Fauna Bavarica project (BFB, https://www.barcoding-
zsm.de/bfb) of the Bavarian State Collection of Zoology in Munich (ZSM). Within the scope of the
International Barcode of Life campaign (iBOL), BFB eventually aims to establish a digital library of
DNA barcodes for all Bavarian fauna species (Moriniere, et al., 2016). Soil organism species extracted
from student’s forest soil samples were sent to the ZSM, where they were sorted, photographed, and
determined by DNA barcoding. The samples were matched with the international database The Bar-
code of Life Data Systems (BOLD) and contributed to an extension of the national DNA barcode

library.

DNA barcoding is of high relevance for nature and species preservation because “[f]launal
monitoring is the most viable way to attest the general ecosystem health” (Moriniere, et al., 2016: 2).
Maintaining the health of ecosystems, in turn, is essential for biodiversity preservation (Hilty & Me-
renlender 2000). Therefore, we decided to integrate the citizen science activity into a biodiversity
learning module that corresponds with the respective curriculum. The module focused on biodiver-
sity, its value, as well as its conservation and covered preservation-related benefits of genetic species
identification. DNA Barcoding also served as a link to connect all three levels of biodiversity (species,

genetic, and ecosystem diversity) within the scope of a single learning module.
Fascination for Science

The evaluation of our project focused on learning outcomes and their association with student’s fas-
cination for science. To date, only little is known about the fascination construct and its potential
relevance for science learning. Bonnette, Crowley, & Schunn (2019) appropriately referred to being
fascinated with science as to being in love with science. Fascination is a latent construct reflecting an
attitudinal level of motivation (Otto et al. 2020). The conceptual approach of fascination is premised
in the tripartite model of attitudes proposing an attitude to consist of an affective, cognitive, and
behavioral dimension (Rosenberg & Hovland, 1960). Therefore, science fascination is assumed to be
characterized by deep emotional, cognitive, and behavioral engagement with scientific subject mat-
ters. Ideas of engagement with science are comparable to school engagement theory (e.g. Fredricks,
Blumenfeld, & Paris 2004). Emotional engagement with science is supposed to be reflected in stu-
dents’ positive feelings and attitudes towards science as well as emotional reactions connected with
scientific topics. This affective dimension of fascination can be expected to reflect in an enjoyment of
learning scientific contents. Cognitive engagement can be defined as “thoughtfulness and willing-

ness to exert the effort necessary to comprehend complex [scientific] ideas and master difficult
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[science] skills” (Fredricks, et al., 2004). Thus, a cognitively engaged learners are perceived as willing
to gain new and deeper insights into scientific topics and they appreciate the opportunity to deepen
their scientific knowledge. Additionally, cognitive engagement becomes obvious when a learner ex-
presses the importance of science and scientific knowledge. Behavioral engagement as the third di-
mension “draws on the idea of participation” (Fredricks, et al., 2004). It is characterized by the per-
formance of voluntary, extracurricular activities and experiences relating to science, for example,

reading science magazines or watching TV documentaries on scientific issues.

Accordingly, fascination is considered to embody several concepts. Being fascinated entails and
requires a certain degree of curiosity, interest, and identification with the nature of scientific enter-
prise (Bathgate & Schunn 2017; Otto, et al., 2020). All these aspects represent complex constructs that
are subject to intensive science education research and will therefore only be described very briefly
here. Interest is a content-specific motivational state caused by a person’s interaction with the envi-
ronment (Schiefele 1991). Triggered by curiosity, interest can develop from more transformative,
situational stages to rather persistent, individual interest (for an overview of interest in science, see
Krapp & Prenzel 2011). Understanding the nature of the scientific enterprise constitutes a part of
scientific literacy (Dass 2005). It involves comprehension of scientific knowledge acquisition and the
use of scientific methods with the goal of science mastery in and beyond school (Carey & Smith
1993). We think that being able to identify with the scientific enterprise is an essential prerequisite to

develop fascination for science.

Previous studies have already linked motivation, interest, and aspects of scientific literacy to
long-term learning (Schraw, et al., 2001; Schumm & Bogner 2016; Spires, et al., 2016; Bathgate &
Schunn 2017). Therefore, fascination for science might be another driver of students” in-depth and
long-term science learning. To our knowledge, this is the first study applying the Fascination for
Science Scale by Otto et al. (2020) to evaluate a formal education project. Our study aimed to gain
further insights into the role of fascination for science in formal science learning. We applied the

following research questions to our study:
(1) To what extent is students’ fascination for biology related to their
cognitive achievement within the project?

(2) Does a short-term intervention affect students’ fascination for science?
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2. Methods
2.1. Participants and data collection

We collected data from fourteen secondary school classes of seven university preparatory schools
(“Gymnasium”) located in more rural areas and small towns in northern parts of Bavaria, Southern
Germany. Overall, 276 tenth graders participated in our project as part of their regular school lessons.
205 complete datasets were used for statistical analysis. The mean age was 15.3 (SD = +0.64) and
gender distribution was almost equal (46.8% female). 35 tenth graders from two further school clas-
ses served as a test-retest group not participating in the project (77.1% female; age M + SD =15.5 +
0.61). Participation in the study required parents’ permission and all students were told that survey
responses would not affect grades and would not be shown to parents, teachers, or anybody but the

researchers.
2.2. Instruments and procedure

Our study design consisted of a pre-, post- and retention test: students completed a paper-and-pen-
cil test one or two weeks before (T0), directly after (T1) and six weeks after (T2) participation in our
project. All tests and project participation took place during regular biology classes. At all test times
(TO, T1, and T2), we monitored content knowledge and fascination for science. Figure 1 gives an
overview of our procedure and instruments used. Each test took approximately 20 minutes to be

completed.

ETam 1wk ST .

l

Figure 1: Overview of the procedure - study timeline and instruments used.

We applied a program-specific multiple-choice knowledge test consisting of 25 items to
measure students’ knowledge regarding the contents of our lesson. Each item had four possible an-
swers, only one of which was correct. Item examples are shown in Table 1. In the post- and retention

test, we reordered the items randomly.

To measure fascination for science, we used the Fascination for Science Scale developed by
Otto, et al. (2020). The scale is rooted in the Campbell-paradigm, which “describes individual behav-

ior as a function of a person’s attitude level and the costs of the specific behavior involved” (Kaiser,
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et al., 2010). Consequently, the more difficult statements are that a person agrees with and the more
activities or behaviors they are engaged with outside of school, the higher is their fascination for
science. The scale consists of 84 items, divided into seven subscales for specific scientific fields (sci-
ence in general, biology, chemistry, physics, astronomy, geology, and technology). Each subscale

consisting of 12 items, covers three dimensions: affective, cognitive, and behavioral engagement.

To measure students’ fascination for biology, we applied a subscale of the Fascination for
Science Scale by Otto, et al. (2020). The total questionnaire consists of 84 items and is based on the
Campbell-paradigm (Kaiser & Byrka 2015). The items are divided into the three attitudinal compo-
nents behavior, cognition, and affection and they cover seven scientific fields: physics, astronomy,
chemistry, technology, biology, geoscience, and general science. We applied a subscale consisting of
12 items referring to the field of biology. Items are scaled by a 5-point Likert-type scale with “strongly

Vs ”voou voou

disagree”, “disagree”, “partially agree”, “agree”, and “strongly agree” for affective and cognitive
I’ " ” “” ” “"

items and “never”, “seldom”, “sometimes”, “often”, and “very often” for behavioral items. Item

wording is displayed in Figure 2.

Since the three tests had identical content, we reordered all items randomly in the post- and
retention test. The test-retest group showed no significant knowledge increase throughout the three
test times, F(2, 6) = 3.65, p = 0.09. Thus, learning effects caused by repeated exposure to the question-
naire can be precluded. Further, we found no statistical difference in the knowledge test mean scores
of the treatment group and the test-retest group at TO but a significant difference at T1 and T2 (TO: t
(238) =0.55, p=0.585.; T1: t (40.86) = 5.51, p < 0.001; T2: t (238) = 3.36, p = 0.003).

Table 1: item examples of the knowledge test with item difficulty; (cor) indicates the correct answer

item example with possible answers difficulty (P value¥)

Mites are classed among... extremely difficult (0.19)

a) ...insects, because they have 3 pairs of legs.
b) ...beetles, because they do not have abdominal

appendices.
c) ...arachnids, because they have 4 pairs of legs. (cor)
d) ...myriapods, because they have multiple pairs of legs.
Ecosystem services are... very difficult (0.37)
a) ...measures to protect ecosystems.

b) ...goods and services provided by ecosystems for
human welfare. (cor)

c) ...services for ecosystems.
d) ...goods and services provided by humans for
ecosystems.
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How can impacts of climate change on forests be mitigated? moderately difficult (0.62)

a) This is not possible.

b) Through the conversion of forests into near-natural, spe-
cies-rich mixed forests. (cor)

c) Through the cultivation of tree monocultures.

d) Through the cultivation of spruces.

When the abundance of soil organisms decreases... moderately easy (0.79)

a) ...the soil gets low in nutrients. (cor)
b) ...the soil gets cleaner.

c) ...the soil gets more calcareous.
d) ... the soil gets rich in nutrients.

To reduce the amount of atmospheric CO2 it would help to... very easy (0.96)
a) ...plant more trees. (cor)

b) ...cut down more trees.
¢) ...burn more wood.
d) ...toclear more forests.

*P values were calculated for TO

2.3. Citizen Science Project FutureForest

Our contributory citizen science project, named FutureForest, included a data collection activity ac-
companied by a classroom module (Schneiderhan-Opel & Bogner 2020). Students collected soil sam-
ples at forests in the vicinity of their homes. To secure correct sampling, students were trained by
their teachers and were given a detailed protocol on how to take the soil sample. Additionally, stu-
dents had to answer several questions on the protocol regarding the sampling site, e.g. GPS location,
composition, and condition of the respective forest. Students were aware that careful sampling and
detailed information on the surroundings were of highly important for the researchers. Within our
classroom module, we have put the sampling of soil organisms, i.e. the actual citizen science activity,
into the broader context of biodiversity at the example of the forest ecosystem. The module followed
the current curriculum and took place during regular biology lessons. This approach was chosen
intentionally to evaluate the practical applicability of integrating a citizen science project into formal
educational contexts within a classroom setting. The classroom module took 180 minutes and com-
prised four learning stations. We chose the three-lesson, short-term format because it is suitable for
a commonplace classroom scenario. Guided by a workbook, students worked student-centered, self-
regulated, and collaboratively in small groups of four. Only a short introduction to the definition
and concept of biodiversity was teacher-guided. The educational approach of engaging students in

self-directed learning at workstations and providing them with hands-on material has already
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proven beneficial for knowledge acquisition in environmental education (e.g. Schonfelder & Bogner

2017, Schumm & Bogner 2016).

To facilitate a smooth workflow, each learning-station was available twice in the classroom. At
learning station one, students worked with an interactive website on ecosystem services provided
by forests. The second learning station consisted of an interactive power-point presentation about
DNA-barcoding and its relevance for nature conservation. Here, students learned about the im-
portance of species identification for biodiversity preservation and environmental monitoring. Also,
they realized how their forest soil sampling may contribute to biodiversity preservation by the ex-
pansion of the nationwide DNA barcoding database. At learning station three, students identified
selected representatives of forest soil biota with the help of a simplified, dichotomous identification
key. Finally, students did a role-play on a future scenario about the conversion of a spruce monocul-
ture, affected by climate change and bark beetle calamities, into a species-rich, mixed forest. Apart
from the four obligatory workstations, the workbook contained several additional tasks for fast per-
forming student groups (for further details on the module please refer to Schneiderhan-Opel and

Bogner (2020)).
2.4. Statistical analysis

To analyze the quality of the fascination for science scale, we conducted a Rasch analysis with di-
chotomized students’ Likert-type answers on the fascination of biology questions (agree, strongly
agree = 1; partially agree, disagree, strongly disagree = 0; often, very often = 1; sometimes, seldom,
never = 0). For the Rasch analysis, we used ACER ConQuest 3. For all further statistical tests, we
used IBM SPSS Statistics 24. Assuming the central limit theorem (Field 2009), we used parametric
tests. Responses of the knowledge test were recoded to “1” (correct answer) and “0” (wrong answer).
Relations between knowledge sum scores and fascination mean scores were determined using two-
tailed Pearson correlations with Bonferroni corrected p-values. Based on the fascination mean scores,
we conducted a quartile split to compare the upper and bottom 25% as well as the intermediate 50
% of the sample regarding their fascination level. Repeated measure ANOVAs were used for intra-
group comparisons at the test times TO, T1, T2. In cases of significant Mauchly’s test showing a vio-
lation of sphericity, a Huynh-Feldt adjustment was used for correction. Post-hoc analyses were Bon-
ferroni corrected. Additionally, we conducted one-way ANOVAs to determine differences between
the fascination groups (inter-group comparisons) at the different testing times. Unpaired t-tests were

used to determine the differences between the treatment and the test-retest group.
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3. Results
3.1. Quality of the instruments

To observe the internal consistency and reliability of our knowledge scale, we calculated Cronbach’s
alpha coefficients for all three testing times. Except for TO, reliability scores were acceptable (aT0=
0.654, aT1=0.745, aT2= 0.796). Item difficulty levels showed a suitable range between 0.15 and 0.96

and a Shapiro-Wilk-Test revealed a normal distribution (p = 0.31).

For the calibration of the fascination for science scale, we used data of all three testing points
T0, T1, and T2 with N = 736. Item separation reliability was r = 1.0 with SD = 2.26. Person separation
reliability was r = 0.69 with SD = 1.53. Item difficulties ranged between 6 =-2.92 and 6 = 3.71 with a
SD =2.27. The three most difficult items belong to the behavioral dimension, whereas the three eas-
iest items were cognitive ones. This finding is in line with the assumptions of Otto et al. (2020). Item
mean square fit ranged from wMNSQ = 0.79 to wMNSQ = 1.18. Infit mean square values of all items
lie within the acceptable range between 0.70 and 1.30, as suggested by Bond and Fox (2010). The
mean MNSQ value was 0.98 with a standard derivation of 0.13. There was no maximum score or

zero score item. Seven students reached the maximum score and 25 students had a zero score.
3.2 No change in fascination for biology

A repeated measures ANOVA with a Huynh-Feldt correction showed no statistically significant dif-
ferences between fascination for biology mean scores at T0, T1, and T2, F(1.99, 359.97) = 141, p =
0.245.

3.3. Relationship between fascination and knowledge
The knowledge sum scores correlated significantly with the fascination mean scores (see Table 2).

Table 2: Pearson correlations between averaged knowledge scores and fascination for science at all
test times (TO = pre-test, T1 = post-test and T2 = retention test 2). Level of statistical significance p:
**p <0.001 **p <0.01 *p <0.05; p values are Bonferroni corrected

Knowledge Science Fascination
T0 T1 T2
T0 0.301™ 0.222" n.s.
T1 0.345™ 0.196 n.s.
T2 0.417" 0.345™ 0,252
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5.0
|
|
|
|
|
4.0 X}
|
|£bl2 I examine small animals and plants
| under the microscope. (behav)
|
|
3.0 |£b9 I collect small water animals(e.g. tadpoles,
XXX | fish) . (behav)
|£fbll I plant seed and watch them grow. (behav)
|
|
|
2.0 XXXXXXX |
|
|
|
|
XXXXXXXXXXXX |
1.0 |
|fb2 I like to learn about plants. (affect)
|
|£b10 I watch animals. (behav)
XXXXXXXXXXXXXX |
|
|
.0 . |£fb3 fb4 The origin and evolution I would like to know
XXXXKXXXXXKKXXXKKKKKK | of life on earth about beredity and how
fascinates me. (affect) genes influence how we
} develop. (affect)
i
XXXXXXXXXXKXXXXXKXXXX |
-1.0 |
|
KXXXXKXXXXXXKXKXXXKXKXX |
|fbl Animals are exciting. (affect)
|
|£b5 Biology is important. (cog)
-2.0 XXXXXXXXXX |
|fb8 It is necessary for humans to understand nature. (cog)
|fb7 To learn about biology in school is important. (cog)
|
XXXXXXX |
|fbé Everybody should have basic knowledge about the
-3.0 | functioning of the human body. (cog)
|
|
|
XXXXX |
|
-4.0 |

Figure 2: Rasch wright-map of the fascination items. The left side displays the student ability from
the highest ability at the top to the least ability at the bottom. Each “X” represents six students. The
right side shows the fascination item difficulty with fb12 representing the most difficult item to fb6
representing the least difficult item. The fascination dimensions are shown in brackets (affect = af-
fective domain; behav = behavioral domain; cog = cognitive domain).

Repeated measure ANOVAs with Huynh-Feldt correction showed statistically significant mean
knowledge score differences within each fascination group between the measurements (low: F(2,
102) = 20.46, p < 0.001, np2 = .286; intermediate: F(1.76, 172.84) = 54.25, p < 0.001, np2 = 0.356; high:
F(2, 84) = 38.10, p < 0.001, np2 = 0.476). Every fascination group showed a highly significant
knowledge increase between TO and T1 (see Table 3). There was a significant knowledge score de-
crease between T1 and T2 in the intermediate and low fascination group, whereas the knowledge
score decrease in the high fascination group was not significant. Knowledge score increase between

T0 and T2 was significant in every group.
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Table 3: Inner group comparison. rmANOVA post hoc test results. Knowledge score
comparison between the test times (T0 = pre-test, T1 = retention test and T2 = retention
test 2) for all three fascination level groups. Level of statistical significance p: *p < 0.05;
*p <0.01; **p <0.001.

Knowledge score Fascination level
comparison between
test low intermediate high

est times

MD p MD p MD p

T1-TO 3.88*** <0.001 3.64*** <0.001 3.42** <0.001
T2-T1 -1.98*  0.004 -0.99* 0.047 0.09 n.s.
T2 - TO 1.91* 0.016  2.65*** <0.001 3.51** <0.001

At all three testing times, students of the upper quartile, on average, answered more
knowledge questions correctly than students of the interquartile and lower quartile group (TO: Mhig
=12.39, SD = 3.23; Minter = 11.38, SD 3.44; Miow = 10.51, SD = 3.67; T1: Muigh = 15.96, SD 3.52; Minter =
14.69, SD 4.24; Miow = 14.06, SD = 3.96; T2: Mhigh = 16.40, SD = 3.87; Minter = 13.95, SD = 4.58; Miow = 12.55,
SD = 4.25). Levene’s test showed that equal variance could be assumed (T0: p = 0.589; T1: p = 0.311;
T2: p = 0.414). At all three testing times, there was a statistically significant difference between
knowledge scores for the different levels of fascination (T0: F(2, 227) = 4.07, p < 0.05, ? = 0.026; T1:
F(2,230)=3.23, p <0.05, w?=0.019; T2: F(2, 196) =9.76, p < 0.001, w?= 0.081). The Tukey-Kramer post
hoc test revealed significant knowledge score differences between the high and low fascination level
groups at all testing times displaying the highest difference and significance at T2 (see Table 4). At
T2, there was also a significant difference between the high and intermediate fascination groups. At
T0 and T1, the comparison between the high and intermediate groups was not significant and com-

parisons between the low and intermediate groups were not significant at any testing time.

Table 4: Inter-group comparison. ANOVA Tukey-Kramer post hoc test results.
Knowledge score comparisons between fascination level groups at all three test times
(TO = pre-test, T1 = retention test and T2 = retention test 2). Level of statistical signifi-

cance p: *p <0.05; **p < 0.01; ***p < 0.001.

Fascination level com- Knowledge score mean difference
parison
TO T1 T2
MD p MD p MD 14
high — intermediate 1.01 0.204 127 0144  2.45% 0.005
intermediate — low 0.87 0.241 063 0578 1.40 0.140
high — low 1.88% 0.013 1.90* 0.034 3.85** <0.001
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Figure 3: Knowledge sum scores at all test times (T0: pretest, T1: retest and T2: retest 2) classified
after students’ fascination levels (low: mean score < 2.67; intermediate: mean score 2.68-3.5; high:
mean score > 3.5). Error bars show 95% CI.

4. Discussion

As stated before, empirical studies on citizen science learning outcomes focus primarily on informal
learning approaches, addressing interested volunteers as the main target group. Research on the
implementation of citizen science as an educational tool in the science classroom is rather limited. In
our study, we integrated a citizen science project into the regular biology lesson plan and evaluated
the impact of fascination on students’ cognitive performance. Since the literature on science fascina-
tion is rather limited so far, we draw our assumptions and conclusions primarily from research on

closely related concepts like interest and motivation.
4.1. No pre-post change in fascination

We did not observe a change in students’ fascination after their participation in our short-term citizen
science project. Thus, we can agree with Bathgate and Schunn (2017) and assume fascination to be a
rather stable concept that develops and deepens over time and through several stages, from more
situational feelings of enjoyment and curiosity to more complex and persistent attitudes and per-
spectives. A factor supporting this assumption is that fascination integrates and entails interest, a
concept that has already been identified to be of a more stable character and to develop through
several stages over a longer period. Hidi and Renninger (2006) introduced the four-phase model of

interest development. The model is built on the assumption that a learner’s interest evolves and
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stabilizes in a four-stage process proceeding from “triggered situational interest [over] maintained
situational interest [and] emerging (less-developed) individual interest [to] well-developed individ-
ual interest.” (Hidi & Renninger 2006: 1).It, however, entails the learner’s frequent re-engagement
with the topic. We, therefore, assume that a change in fascination levels would require greater in-
volvement of students in scientific processes and participation in further research steps. This pre-
sumption is supported by previous studies on contributory citizen science projects, which have
demonstrated content knowledge gain and increased abilities but no change in more stable concepts
like attitudes or behaviors (e.g. Brossard, et al., 2005; Jordan, et al., 2011). Additionally, in their recent
study, Bonnette, Crowley, and Schunn (2019) observed a positive effect of participation in activities
of informal science learning on science fascination. Sixth-graders who had frequently experienced
informal science learning showed an increase in science fascination within one semester. Conse-
quently, we think that involving participants in further steps of a research process and engaging
them over a longer period may have great potential for positively affecting participants’ science fas-

cination and persistence with science.

However, our study approach does not allow us to draw conclusions from the citizen science
activity as such. We attempted to include citizen science as an educational tool into the regular biol-
ogy class, which, implies that the activity was embedded in our biodiversity lessons. Further re-
search on science fascination should consider the potential effects of citizen science projects that en-

courage students over a longer period and involve them in further steps of research processes.
4.2. A linear relation between fascination and cognitive achievement

To our knowledge, this is the first study observing the relation between fascination for biology and
cognitive achievement within a short-term intervention. We observed that fascination for biology is
positively associated with content knowledge. Overall, highly fascinated students showed better
cognitive performance than less fascinated ones. In relation to their prior knowledge scores, all fas-
cination groups achieved short-term and long-term content learning but already at TO, highly and
intermediately fascinated students showed an advance in knowledge in comparison with low fasci-
nated students. This result was statistically significant for the mean difference between the highly

and low fascinated groups. This also applies to test time T1.

Highly fascinated students are more deeply engaged with scientific subject matters in and out
of school and we, therefore, see two possible reasons for the higher pre-knowledge scores of highly
fascinated students in comparison to less fascinated learners. First, as stated above, informal learning
activities may have positively influenced students’ pre-knowledge scores (Bonnette, et al., 2019) as
well as their fascination for science. Taking the behavioral dimension of the fascination construct

into account, highly fascinated students are more likely to engage with science outside the
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contributory science classes, e.g. by voluntarily participating in science workgroups at school or by
doing science-related activities, like bird-watching or plant breeding, in their spare time. Conse-
quently, the more fascinated students already are the more activities they will engage in and vice
versa. Informal learning may thus have led to different levels of pre-knowledge but could also have

led to different levels of fascination.

Secondly, highly fascinated students may have already benefited from prior formal science ed-
ucation. The participating students were already in the last third of their school career and the Ba-
varian biology curriculum follows a pattern, which fosters cumulative learning (Bavarian Ministry
of Education 2007). Due to the relationships described, we expect highly fascinated students to have
already gained more pre-knowledge in prior grades because of their deeper engagement with sci-

ence.

Low fascinated students’ cognitive achievement may be mainly temporary, whereas highly fas-
cinated students’ knowledge gain has shown to be persistent. Especially in the retention test, differ-
ences in knowledge between the upper and lower quartile group were highly significant. On aver-
age, highly fascinated students were able to answer almost four more questions correctly than stu-
dents with low fascination scores. We also found a statistically relevant difference of almost 2.5 cor-
rect answers between the high and the intermediate group. More importantly, in contrast to both
lower and intermediately fascinated students, highly fascinated students showed no statistically sig-
nificant knowledge decrease between T1 and T2. These findings are in line with well-established
research on the relationship between intrinsic motivation and science learning. Several studies have
proven that higher motivated students achieve better results compared to less motivated learners
(e.g. Bryan, Glynn & Kittleson 2011; Glynn, Taasoobshirazi & Brickman 2007). For example, Schumm
and Bogner (2016) found a quite similar linear relation between science motivation and content learn-
ing. However, in contrast to our results regarding fascination, all motivational groups showed a

moderate but significant knowledge decrease at T2.

We see a possible explanation for the persistent cognitive achievement, especially of highly fas-
cinated students, in our learning environment. Hands-on learning is regarded as highly efficient to
promote knowledge acquisition (Elbadawi, et al., 2009) and has already been connected to better
achievement of motivated students (JuriSevic, et al., 2012; Goldschmidt & Bogner 2016). In our citizen
science project, we engaged students in a real research process by having them gather authentic
scientific data. This activity was connected to student-centered, hands-on learning in the biology
classroom. We think this educational approach combined with active participation via citizen science
encouraged students’ engagement with the subject matter and especially fostered the cognitive

achievement of highly fascinated students.
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5. Conclusion and Outlook

The positive linear relation between fascination and performance of students participating in a col-
laborative citizen science project is promising. Hitherto, it is widely unknown how to foster fascina-
tion in formal or informal learning environments. We cannot draw causal conclusions from our re-
sults but within our sample and across the testing times higher fascination scores were positively
associated with higher knowledge scores and vice versa. Assuming this bivariate relationship be-
tween fascination and environmental learning, fascination could be a significant predictor of persis-
tent and life-long science learning, and, conversely, environmental learning could foster fascination
for biology. Appropriate educational strategies for promoting and maintaining students’ deep en-
gagement with science need to be developed. Further research on fascination is needed to prevent
the emergence of a performance gap between highly and low fascinated students. The long-term
goal is to find ways to promote science fascination, which could foster lifelong-learning and persis-
tence with science. Overall, our results demonstrate that already highly fascinated students benefit-
ted the most from our approach, especially in the long term. The knowledge gap between the highly
and low fascinated groups increased between the testing times. If we assume this pattern to be a
usual outcome of student-centered, hands-on approaches in science classes, the consequence would
be a science class scenario already shown for science motivation (Obrentz 2012): there will be a grow-
ing disparity in highly and low fascinated students’ performance because highly fascinated students
will become even more fascinated with science whereas low fascinated students will experience fus-
tration due to worse grades and loss of self-esteem. This presumption should be addressed in future

studies.
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ANHANG

Fragebogen

Es wird exemplarisch der Fragebogen des Vortests gezeigt. Dieser enthilt alle verwendeten Items
zu Schiilervorstellungen (A), Wissen (B), Umwelteinstellungen (C & D) und Faszination fiir Biologie
(E). Die Fragen zu A, B und E wurden zu allen Testzeitpunkten abgefragt. Im Nach- und Behaltens-
test wurden die Reihenfolge der Wissensfragen einschlie8lich der Antwortoptionen sowie die I-

temreihenfolge der Faszinationsskala zufallig vertauscht.
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Fragebogen zum Unterrichismodund ,,\Waldh wuit Zukwnft
— Blodlersutit seihitzen unod niitzens*

Liebe Schdlerin, lieber Schiiler,

dieser Fragebogen ist Teil einer wissenschaftlichen Untersuchung und streng vertraulich.
Er wird nicht von lhrer Lehrkraft eingesehen oder benotet.
Bitte bearbeiten Sie alle Fragen alleine, sorgfaltig und wahrheitsgemag.

Bitte fullen Sie den Fragebogen mit einem dunklen Stift aus (keine hellen Stifte, Neonfarben oder
Bleistifte verwenden).

Wenn Sie fertig sind, kontrollieren Sie bitte, ob Sie alle Seiten ausgefllt haben.

Vielen Dank, dass Sie an dieser Befragung teilnehmen!

Datum

TT MM JJJdJ

Persoénlicher Code:
Durch diesen Code kénnen wir nicht mehr nachvollziehen wer diesen Fragebo-

gen ausgefullt hat, jedoch die Fragebégen untereinander zuordnen.

Kurzen Sie lhr Geschlecht mit M (ménnlich) bzw. W (weiblich) ab.

Tragen Sie den Monat lhres Geburtstages ein (z.B. 08 fir August, 12 fir Dezember).

Tragen Sie das Jahr Ihrer Geburt ein (z.B. 99 fur 1999, 00 fur 2000).

Tragen Sie die zwei ersten Buchstaben des Vornamens lhrer Mutter ein (z.B. CL fur Claudia).
Tragen Sie die Hausnummer ein, in der Sie wohnen (z.B. 003 fur Hausnummer 3).

\ J \ 7 \ \
* Y s ' Y

Geschlecht Geburtsmonat Geburtsjahr Mutter Hausnummer

Beispiel: Maximilian ist mannlich, geboren im September 2001, seine Mutter hei3t Andrea und
er wohnt in Hausnummer 61. ***Sein Code lautet: MO901ANO61***

Diese Studie wurde vom Bayerischen Staatsministerium far Bildung und Kultus,
Wissenschaft und Kunst genehmigt (Aktenzeichen: X.7-BO5106/160/12). Seite 1 von 10



ANHANG

A) Beantworten Sie nun die folgenden Fragen.

1. Was verstehen Sie unter dem Begriff Biodiversitét (= biologische Vielfalt)?

2. Fur wen oder was kann die Biodiversitat von Nutzen sein? Begriinden Sie Ihre Antwort.

3. Sollte die Biodiversitat geschitzt werden? Begriinden Sie Ihre Antwort.
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B) Beantworten Sie nun die folgenden Fragen zu Ihrem Wissen.
Es gibt immer nur 1 richtige Antwort, deshalb setzen Sie bitte nur 1 Kreuz pro Frage.
Wenn Sie die Antwort nicht wissen, kreuzen Sie die Frage nicht an!

1

Was stimmt nicht?

Die Walder unserer Erde werden als
»griine Lunge” bezeichnet, da sie...

2

Welche Aussage stimmt?
Die Biodiversitat...

(0 R I IO [

...die Luft filtern.

...das Klima regulieren.

...O2 produzieren.

...O2 speichern.

O O O O

...Ist entscheidend fur das Funktionieren
eines Okosystems.

...steht nicht im Zusammenhang mit
Funktionen einen Okosystems.

...hat keinen Einfluss auf das Funktionie-
ren eines Okosystems.

...wird durch Funktionen des Okosystems
beeinflusst.

Okosystemdienstleistungen sind...

Welche Schutzfunktion kann der Wald
nicht bieten?

O O O O

...SchutzmaRnahmen fiir Okosysteme.
...Guter und Leistungen die uns Men-

schen von Okosystemen bereitgestellt
werden.

...Dienstleistungen fiir Okosysteme.

...Guter und Leistungen die wir Men-
schen fur Okosysteme bereitstellen.

O O O O

Schutz vor Hochwasser

Schutz vor Lawinen

Schutz vor Erdbeben

Schutz vor Bodenerosion

Eine 100 Jahre alte Buche produziert

pro Jahr so viel O; wie ein Mensch in...

Um die Menge an CO; in der Atmo-
sphare zu senken wiirde es helfen
mehr...

O O O

...2 Jahren benétigt.

...13 Jahren benétigt.

...2 Monaten benétigen.

...5 Tagen benétigt.

O O O O

...Baume zu pflanzen.

...Baume zu fallen.

...Holz zu verbrennen.

...Walder zu roden.

Was stimmt nicht?
Ein DNA-Barcode...

Das ubergeordnete Ziel des DNA-
Barcodings ist es,...

0 O O O

...ist eine kurze DNA-Sequenz.

...ist der genetische Fingerabdruck einer
Art.

...ist fur jede Art spezifisch.

...unterscheidet sich innerhalb einer Art.

OO O O O

...die weltweite Biodiversitat zu erfassen.

...Taxonomen zu ersetzten.
...die morphologische Artbestimmung zu
ersetzen.

...einzelne, schwer bestimmbare Arten zu
identifizieren.
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B) Beantworten Sie nun die folgenden Fragen zu ihrem Wissen.
Es gibt immer nur 1 richtige Antwort, deshalb setzen Sie bitte nur 1 Kreuz pro Frage.
Wenn Sie die Antwort nicht wissen, kreuzen Sie die Frage nicht an!

Fir die Artbestimmung mit Hilfe des
DNA-Barcodings...

Beim DNA-Barcoding werden streng
genommen keine Tiere bestimmt, son-
dern...

O O O O

...reichen bereits kleinste DNA-Mengen.

...muss das gesamte Tier vorliegen.

...bendtigt man einen Bestimmungs-
schlussel.

...wird das gesamte Genom analysiert.

... deren Barcode abgescannt.

... deren DNA-Barcode mit einem Refe-
renztier verglichen.

...deren gesamte DNA analysiert

...morphologische Gemeinsamkeiten ver-
glichen

Die Bestimmung von Arten...

Was stimmt nicht?
DNA-Barcoding kann dabei helfen...

...ist nur fur die Wissenschaft von Bedeu-
tung.

...ist die Grundlage fiur den Natur- und Ar-
tenschutz.

...hat keine besondere Bedeutung.

...ist heutzutage Uberflussig.

...Lebensmittelskandale aufzudecken.
...Veranderungen oder Schaden in Oko-
systemen zu untersuchen.

...den Todeszeitpunkt einer Leiche zu be-
stimmen.

...Medikamentenkontrollen durchzufiih-
ren.

Milben zdhlen zu den...

Eine vielfaltige Gemeinschaft von Bo-
denorganismen sorgt fur...

...Insekten, da sie 3 Beinpaare besitzen.

...Kéfern, da sie keine Hinterleibsan-
hénge besitzen.

...Spinnentieren, da sie 4 Beinpaare be-
sitzen.

...VielfURern, da sie 6 Beine besitzen.

...die Zersetzung organischer Substan-
zen (abgestorbene Reste von Pflanzen
und Tieren).

....die Speicherung von Warme im Bo-
den.

...die Speicherung von Wasser im Boden.

...die Umwandlung von Kohlenstoff in
Nahrstoffe.

In welchem Bodentyp erwarten Sie die ge-
ringste Anzahl an Bodenorganismen?

Eine Assel erkennt man unter anderem
daran, dass sie....

O O O O

in einem Wiesenboden

in einem Ackerboden

in einem Waldboden

in einem Kompostboden

OO O O O

...7 Beinpaare hat.

...6 Beine hat.

...5 Beinpaare hat.

...7 Beine hat.
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B) Beantworten Sie nun die folgenden Fragen zu ihrem Wissen.
Es gibt immer nur 1 richtige Antwort, deshalb setzen Sie bitte nur 1 Kreuz pro Frage.
Wenn Sie die Antwort nicht wissen, kreuzen Sie die Frage nicht an!

17

Wobei handelt es sich nicht um eine
Gemeinsamkeit der Pseudoskorpione
und Skorpione?

18

Geht die Anzahl an Bodenorganismen
stark zuriick...

N N Ry I

sie gehdéren zu den Spinnentieren

sie besitzen einen Giftstachel am Hinter-
leib

sie besitzen Scheren als Greiforgane

Vorder- und Hinterleib sind nicht deutlich
voneinander abgesetzt.

(N R B

...wird der Boden nahrstoffarmer.

...wird der Boden sauberer.

...wird der Boden kalkreicher.

...wird der Boden nahstoffreicher.

-
©

Weshalb bevorzugt die konventionelle
Forstwirtschaft die Nadelbaumarten Fichte
und Kiefer im Wirtschaftswald?

N
o

Sie sollten einem Forster fiir die Zu-
kunft raten,...

I O I O R

sie wachsen schneller
sie werden dicker als andere Baumarten
sie sorgen fur mehr Vielfalt im Wald

sie sehen schoéner aus

I I ) I

... Totholz immer sofort aus dem Wald zu
entfernen.

...auf eine Vielfalt an Baumarten zu ach-
ten.

...auf eine einzige Baumart zu setzen.

...nicht heimische Baumarten aus warme-
ren Landern anzupflanzen.

N
-

Weshalb ist es sinnvoll, nicht nur Fich-
ten in Monokultur anzupflanzen?

N
N

Wie kénnen die Auswirkungen des Kili-
mawandels auf den Wald abgemildert
werden?

(N I N A

Fichten sind sehr anspruchsvolle Baume

Pilze wachsen besser auf Laubbdumen
Mischwaélder sind anpassungs- und wi-
derstandsfahiger

Rehe und Wildschweine bevorzugen
Laubbaume

(N O N A

gar nicht

durch den Umbau in naturnahe, artenrei-
che Mischwalder

durch den Anbau von Monokulturen

durch den Anbau von Fichten

N
w

In einem konventionell bewirtschafte-
ten Wald...

()
s

Was stimmt nicht? Fichten werden in
der Zukunft starker durch...

I O I Y R

...ist die Biodiversitat generell sehr hoch.
...ist die Biodiversitat geschutzt.

...ist die Biodiversitat eher gering.

...ist die Biodiversitat héher als im natur-
nahen Wald.

O O O O

...Sturmwurf gefahrdet.
...Borkenkéaferbefalle gefahrdet.
...starke Niederschlage gefahrdet.

...zu geringe Niederschlage gefahrdet.

Vi
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B) Beantworten Sie nun die folgenden Fragen zu ihrem Wissen.

ANHANG

Es gibtimmer nur 1 richtige Antwort, deshalb setzen Sie bitte nur 1 Kreuz pro Frage.

Wenn Sie die Antwort nicht wissen, kreuzen Sie die Frage nicht an!

25

Biodiversitat umfasst die Vielfalt inner-
halb...

O O O O

...der Arten.
...der Arten, Gene und Okosysteme.
...der Arten und Gene.

...der Okosysteme.

Vil
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C) Bewerten Sie die folgenden Aussagen, indem Sie im entsprechenden Kreis 1 Kreuz set-

zen.

R = R

Folgender Aussage 5 S 2 5

. . O = w N =

stimme ich ... c u s = N
5 25 = 2 3
o ® N 2 © >
oo = +/- + ++

1. Wir missen mehr Stralken bauen, damit die
Menschen aufs Land fahren kénnen.

2 Die Natur ist immer in der Lage, sich aus eige-
" ner Kraft wiederherzustellen.

3. Unser Planet hat unbegrenzte Ressourcen.

4 Wir missen keine Gebiete schiitzen, um be-
’ drohte Arten zu bewahren.

5 Die Menschen machen sich zu viele Gedanken
* Uber Umweltverschmutzung.

6.  Die stille Natur drauRen macht mich angstlich.

7 Wir mussen Walder roden, um Nutzpflanzen
" (z.B. Getreide) anzubauen.

8 Menschen haben nicht das Recht, die Natur
" zuéandern, wie sie es fur richtig halten.

9 Menschen sind nicht wichtiger als andere Le-
" bewesen.

10 Um Wasser zu sparen, dusche ich anstatt zu
" baden.

Schmutziger Industrierauch aus Kaminen
1. ) ,
macht mich witend.

12 Die Menschheit wird aussterben, wenn wir
" nicht im Einklang mit der Natur leben.

13 Nicht nur Pflanzen und Tiere von wirtschaftli-
*cher Bedeutung sollten geschutzt werden.

N I I T s s s A o
NN I e s s s A o O
NN I T e s s s A o O
NN I T e s s s A o O
N I T e s s s A o O

14. Haustiere sind ein Teil der Familie.
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D) Bewerten Sie die folgenden Aussagen, indem Sie im entsprechenden Kastchen 1 Kreuz
setzten.

©

Wie héufig fiihren Sie die folgenden c E =

Aktivitdaten auBerhalb der Schule aus? 3 g =

0 © o & ©

= ) & ° )

1. Ich beobachte bewusst Vogel oder hére ihnen zu. [] [] [] [] []
Ich nehme mir Zeit, den Wolken beim Vorlberzie-

2 hen zuzusehen. D D D |:| D
Ich nehme mir Zeit, um bewusst an Blumen zu rie-

3 chen. D D D |:| D
Ich nehme mir bewusst Zeit, nachts die Sterne zu

4. beobachten. D D D D D

5. Ich arbeite gerne im Garten. [] [] [] [] []

6. Ich kimmere mich persénlich um Pflanzen. D D D D D

7. Es entspannt mich, Naturgerduschen zuzuhdren. D D D D D
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E) Bewerten Sie die folgenden Aussagen, indem Sie im entsprechenden Késtchen 1 Kreuz

setzten.
3 3
LA .
Folgender Aussage S ] ? =
: : - c D N 3
stimme ich ... 5 . s = N
& £ 3 = 2 )
() S N 2 © >
-- - +/- + ++
1. Tiere sind spannend
2. Ich lerne gerne etwas tber Pflanzen
3 Der Ursprung und die Evolution des Lebens auf der

Erde begeistern mich

Ich wirde gerne etwas tber die Vererbung und den
4. Einfluss der Gene auf unsere Entwicklung
erfahren

Biologie ist wichtig

Jeder sollten ein Grundwissen Uber die Funktionen
6. des menschlichen Kérpers haben

(N I I A OO
(N I IO I A O
(N I I I A O
(N I I I A O
(N I I I A OO

7 Es ist wichtig, in der Schule etwas tber Biologie zu
: lernen

8 Es ist fur Menschen notwendig, die Natur zu verste-
: hen

©
Wie héufig fiihren Sie die folgenden c E =
Aktivitdten auBerhalb der Schule aus? 2 g E
2 ° ] b )
c ) £ o )
1. Ich sammle kleine Wassertiere (z.B. Kaulquappen,
Fische)

2. Ich beobachte Tiere

0 I I O
0 I I I O
0 I I I O
(0 I I I O
(0 I I I O

3 Ich pflanze Samen und schaue ihnen beim Wach-
’ sen zu

4 Ich untersuche kleine Tiere und Pflanzen unter dem
’ Mikroskop
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F) Schauen Sie sich die folgenden Kreise an! Wie verbunden fiihlen Sie sich mit der Natur?
Setzen Sie ein Kreuz.

®
O

Geschafft! Bitte iiberpriifen Sie noch einmal, ob Sie alle Fragen und jede
Seite dieses Fragebogens bearbeitet haben.

Vielen Dank, dass Sie an der Befragung teilgenommen haben.
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(Eidesstattliche) Versicherungen und Erklarungen

(§ 8 Satz 2 Nr. 3 PromO Fakultat)
Hiermit versichere ich eidesstattlich, dass ich die Arbeit selbststéndig verfasst und

keine anderen als die von mir angegebenen Quellen und Hilfsmittel benutzt habe
(vgl. Art. 64 Abs. 1 Satz 6 BayHSchG).

(§ 8 Satz 2 Nr. 3 PromO Fakultat)
Hiermit erklére ich, dass ich die Dissertation nicht bereits zur Erlangung eines aka-

demischen Grades eingereicht habe und dass ich nicht bereits diese oder eine
gleichartige Doktorpriifung endgqliltig nicht bestanden habe.

(§ 8 Satz 2 Nr. 4 PromO Fakultat)
Hiermit erklére ich, dass ich Hilfe von gewerblichen Promotionsberatern bzw. —ver-

mittlern oder &hnlichen Dienstleistern weder bisher in Anspruch genommen habe
noch kiinftig in Anspruch nehmen werde.

(§ 8 Satz 2 Nr. 7 PromO Fakultat)
Hiermit erklére ich mein Einverstandnis, dass die elektronische Fassung der Dis-

sertation unter Wahrung meiner Urheberrechte und des Datenschutzes einer ge-
sonderten Uberpriifung unterzogen werden kann.

(§ 8 Satz 2 Nr. 8 PromO Fakultat)
Hiermit erklare ich mein Einverstandnis, dass bei Verdacht wissenschaftlichen

Fehlverhaltens Ermittlungen durch universitétsinterne Organe der wissenschaftli-
chen Selbstkontrolle stattfinden kénnen.
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