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Abstract: As human activities threaten biodiversity on a global scale, preventing further biodiversity
loss requires 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., students’ pre-instructional mental concepts and ideas of teaching subjects). Thus, assessment
and consideration of student conceptions on biodiversity are of high relevance for the development
of successful 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 biodiversity. Conceptions of the benefits of biodiversity were almost equally balanced
between environmental and economic benefits. Notions of environmental preservation considerably
outnumbered 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 regarded
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 includes 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, species 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 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 anthropocentric
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].
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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 functioning” [11] (p. 472).
As biodiversity determines ecosystem functioning, there is also a strong link between 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), regulating services (e.g., climate
regulation), cultural services (e.g., aesthetic or spiritual values) and supporting 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, current
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 actively
take part in societal decision-making processes concerning scientific-related matters [15]. Following
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 therefore
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,
Education and Public Awareness (CEPA) program, which is aimed at, among other things, incorporating
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-instructional
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 scientifically
accurate. Frequently used expressions are ‘misconceptions’ [19], ‘alternative conceptions’ [20] or ‘naïve
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 constructivism
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 students ‘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 considerable
interest for both science researchers and science educators. Concerning the topic of biodiversity and its
preservation, we suggest that knowledge of student conceptions of biodiversity determines fruitful
biodiversity education and consequently affects the success to foster responsible citizenship. Among
others, Lindemann-Matthies and Bose [25] described knowledge as an important determinant for
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developing appreciative attitudes towards biodiversity. Therefore, our study focused both on students’
familiarity with the term biodiversity as well as on their awareness of biodiversity. Do they appreciate
the benefits of biodiversity and consider biodiversity protection as important? There are several
studies concerning the awareness of biodiversity among the general public, 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.
2.
3.

Which conceptions of biodiversity can be identified among German adolescents?
Which benefits of biodiversity do they recognize?
Which conceptions of biodiversity protection can be identified?

2. Materials and Methods
Our convenience sample consisted of 275 10th graders from different secondary schools in Bavaria,
Germany. All schools are located in more rural areas rather than in large cities. Data was collected 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
question 2
question 3

What do you understand by the term biodiversity (=biological diversity)?
What are the benefits of biodiversity? Give reasons for your answer.
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
conceptions 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

the biological species concept is
explicitly expressed

“Many different species of plants
and animals.”

variety of creatures

the variety of living creatures is expressed
without mentioning the biological species concept

“The variety of living organisms
on earth.”

disparity of
creatures

the statement focuses on the differences between
living beings

“I think that all kinds of plants and
animals are different.”

genetic diversity

the diversity within species is explicitly 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 genetic
information, species and ecosystems.”

species diversity
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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 randomly
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
question 1—categorization b

0.97
0.95

0.89
1

question 2

0.95

0.87

question 2—justification
question 3—justification

0.95
0.98

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
clarity, 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 subquestion
(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)?’ generated
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’ (nsub = 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.
Table 4. Categorization of students’ conceptions on the term biodiversity.
Dimension of Biodiversity

Category

Species
Diversity
one dimension

+

two dimension

+

all dimensions

+

none of the
dimensions

Genetic
Diversity

Student Example Quote

Ecosystem
Diversity
ID 12: ‘It is the diversity of
species, for example, animal or
plant species.’

+

+

ID 83: ‘The different animal
and plant species [ . . . ]. But
also the different habitats.’

+

ID 35: ‘Biodiversity is the
diversity of genetic information,
species and ecosystems.’
ID 118: ‘That there are many
biological molecules.’
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We further subcategorized the conceptions concerning ‘environmental utilization’ into the
subcategories ‘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 environmental
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 adolescent’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’ (‘Biodiversität’) and its synonym ‘biological diversity’ (‘biologische
Vielfalt’), to prevent mere word comprehension problems. Our findings coincide with our expectations
and the existing literature, e.g., [26,30,31]. Most students equated biodiversity with species diversity,
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
concept, 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 research
on student conceptions has shown that media is an important source of information for students and
may increase the risk of the formation of alternative conceptions [37,38]. Lindemann-Matthies and
Bose [25] examined public familiarity with the term biodiversity and found that most participants
came across the term ‘biodiversity’ via media. Especially in Germany, the term ‘Artenvielfalt’, which
literally means ‘species diversity’, is still more commonly used outside the scientific community
than the term ‘Biodiversität’, 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
themselves [39], which they quite likely pass on to their students. Our suggestion is consistent with
Fiebelkorn and Menzel [40], who examined preservice biology teachers’ conceptions of biodiversity.
Qualitative 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 biodiversity
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
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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 ‘aspects 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 welfare. 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 ecosystems to be a relevant
part of the participants’ everyday life. Nevertheless, it was not within the scope 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
humans 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 prevention 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 biodiversity
education [42–45]. Our findings contribute to the further development of biodiversity education
strategies for formal and informal learning. Building an important element of ESD, the overarching
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
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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.
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 biodiversity 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 connect several
curricular contents concerning ecology, evolution and genetics. Students cannot easily understand the
multidimensional concept of biodiversity. They need certain pre-knowledge in ecology 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 genetics, 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 functions. 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 welfare.
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’ conceptions.
For an example of how to incorporate scientific as well as socio-scientific aspects of biodiversity 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 potentially
supports knowledge acquisition as well as environmental perceptions and estimations of nature [51–53].
Prior to planning a lesson, it is advisable for educators to deal with possible alternative conceptions
of the learners. Literature provides valuable information concerning many different topics. Occasionally,
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 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 biodiversity,
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 biodiversity
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 behavior 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 important that
students know and appreciate benefits of biodiversity for human welfare, but educational 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.
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4.5. Outlook
The method of using three-open ended questions represents a limitation of our study.
We intentionally 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 biodiversity 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’ conceptions by enabling posing of subsequent questions.
Additionally, recruiting school classes through convenience sampling does not allow generalized
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 representativeness
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 overall anthropocentric view? A follow-up study needs to investigate that question by
quantitatively monitoring the relevant values, applying the 2-MEV-model. This model conceptualizes
the anthropocentric 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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