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Abstract: The preservation of biodiversity has become a major concern in contemporary society. It is essential
to understand teachers' representations of biodiversity to effectively guide educational efforts because of the
significant role of education in raising awareness and promoting sustainable behavior. Through a survey of a
sample of 118 teachers, we adopted a mixed-method approach combining both a closed questionnaire and
interviews. We used these methods to explore teachers' representations of the concept of biodiversity as an
integral part of the school curriculum, as well as to gather their views on certain features of its teaching. The
results state that the majority of teachers perceive biodiversity as a whole and in its most complex relationships.
During their professional experience, they have developed a biocentric and anthropocentric conception of
biodiversity. This study provides valuable information to guide future pedagogical practices and educational
policies in sustainable education.
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1. Introduction

The notion of biodiversity has taken a prominent place in the scientific and political language
since the significant events of the last century especially the United Nations Conference on
Environment and Development (in Rio de Janeiro, 1992), testifying to the growing importance given
to the preservation of the diversity of living beings and their ecosystems [1].

Biodiversity refers to the richness and variety of the living world, as well as its ability to adapt
to environmental changes and ensure the survival of species. Therefore, it is considered an invaluable
natural heritage to be protected for future generations [2]. In addition, biodiversity has an important
cultural, social, and economic dimension that must be taken into account in education for sustainable
development [3,4]. For example, indigenous peoples' traditional knowledge and local practices can
contribute to biodiversity conservation. Similarly, academic knowledge of biodiversity derived from
formal education helps to become aware of the impact of human actions on the environment and to
develop respectful and responsible behavior [5].

Research in the field of science didactics has highlighted the important results. Somes studies
have shown that teachers play an important role in shaping students' attitudes and beliefs about
biodiversity and the environment. Effective teaching practices for biodiversity education include
using a variety of teaching methods and resources, such as field trips, hands-on activities, and
multimedia materials, to engage students and help them develop a deeper understanding of the
importance of biodiversity and the need for its conservation [6]. Some studies discussed about
providing a framework for understanding the challenges and opportunities of teaching the concept
of biodiversity in science classes [7], others discuss how they approach teaching this important subject
and highlight any potential areas in need of additional support and training [8,9].

We conducted this study in the interest of exploring teachers' representations related to
biodiversity which can help to develop effective pedagogical strategies that promote a thorough
understanding of this concept among students. Our survey holds great importance due to its ability
to provide objective insights into the diverse conceptual representations of biodiversity as perceived
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by teachers which play a crucial role as key actors in the education system and which influence the
teaching-learning process [9].

However, we referred to conceptions attributed to biodiversity in Wilson's work such as his
influential book "The Diversity of Life" (1992) [10], and in the Convention on Biological Diversity
signed on 1992 in Rio de Janeiro [11] to study teachers’ representations participating in our survey.

Moreover, if in the world of didactics, representation can constitute a pedagogical obstacle that
hinders learning among students, inadequate conceptual representations on the part of teachers for
the environment will undoubtedly be transferred as such to learners [8].

To achieve the objective of our research, a survey was conducted among a diverse sample of 118
teachers covering several grade levels of primary and secondary life sciences education, in the
"provincial directorate" of education of Guelmim city in Morocco.

We adopted a mixed methodological approach, questionnaire, and individual interviews as data
collection tools. These data were analyzed using a quantitative approach for questionnaire data and
a qualitative approach for interview data. These methods allowed us to obtain a representative view
of teachers' representations of biodiversity in the study context.

In the following sections of this article, we present and discuss the results of the survey, focusing
on teachers' representations of the concept of biodiversity, their views on its importance in the
curriculum, and on appropriate teaching practices for teaching this concept.

Aim of this study was to answer the following research questions:

i What are teachers' representations of the concept of biodiversity?

ii. Are teachers' representations influenced by the thematic content and educational values present
in school curricula relating to biodiversity?

iii. To what extent is biodiversity education perceived as a means of student development and
personal well-being by the surveyed teachers?

iv. What pedagogical practices do science teachers adopt when introducing the concept of
biodiversity to their students?

V. What influence do socio-professional factors have on their representations?

2. Theoretical Context

The origin of 'Biodiversity' is Lovejoy and Norse & McManus papers published in 1980.
Lovejoy's contribution from the World Wildlife Fund discussed global environmental issues, including
the impact of forest exploitation on climate and biological diversity [12], while Norse and McManus
defined biodiversity in terms of genetic and ecological diversity as part of their chapter for the White
House Council on Environmental Quality’s report [13]. The term "biological diversity", shortened to
"biodiversity" by Walter G. Rosen in 1985, has seen its use spread in scientific and political language,
notably at the Rio Conference of 1992.

Since then, biodiversity has become a major issue for society. This conference, ratified by 196
countries or parties, brought major political commitments for the preservation of biodiversity. It thus
helped to highlight the complex concept of biological diversity, defined in the Convention on
Biological Diversity adopted at the Rio Summit as the variety and variability of all living organisms
[11] that englobes the genetic diversity of species, ecosystems, and the ecological processes they
influence or of which they are the actors. This definition is very often used today. The Rio Conference,
therefore, played a major role in disseminating the concept of biodiversity.

The word "biodiversity" perfectly illustrates the evolution of our society, testifying to the
emergence of a major ecological issue [14]. Thus, this term, which has established itself in scientific
and political discourse, testifies to the growing importance given to the preservation of the diversity
of life.

The book "Biodiversity II: Understanding and Protecting Our Biological Resources", published
in 1997 by Marjorie L. Reaka-Kudla, Don E. Wilson, and Edward O. Wilson, emphasizes the need for
training and education in the field of biodiversity conservation, highlighting the importance of
developing the next generation of scientists and conservationists [12].

In educational discourse, the teaching of biodiversity is a crucial educational issue that allows
learners to develop a deep understanding of the interdependencies between living beings and their
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environment [15]. Indeed, biodiversity is an essential component of life on Earth that helps maintain
the ecological balance of our planet.

Through biodiversity education, learners become aware of the impact of their actions on the
environment and learn to respect nature and the living beings that live there [15]. In addition,
biodiversity education can also encourage learners to engage in concrete actions to preserve
biodiversity and combat climate change, to contribute to sustainable development for future
generations [16,17].

Science teachers have an important role to play in promoting ecological cognition in students,
helping them understand natural systems, the interactions between living things, and the factors that
influence biodiversity [18,19].

Also, environmental pedagogy is a field of study that examines teaching methods and strategies
that encourage a deeper understanding and appreciation of the natural environment. Teachers can
use innovative pedagogical approaches to help students better understand biodiversity and develop
an appreciation of nature [20]. They promote experiential learning and understanding of natural
systems [21]. Using the problem-based learning approach can improve students' ecological cognition
by enabling them to understand the complex interactions between living things and their
environment [22,23]. Similarly, the use of tools such as ecological models can help students
understand ecological processes and ecosystem dynamics [16,24].

Social representation is a key concept in the study of perceptions and attitudes [25]. In addition,
it notes in some studies that teachers' representations can be important in shaping learners'
representations [26,27]. Therefore, it is possible to infer that teachers' social representations can
influence the perceptions and attitudes of their students. For this reason, researchers can focus on
learning problems from teachers' representations. Indeed, taking into account teachers' social
representations is an essential element in science didactics, particularly in the teaching of biodiversity
[28]. Many studies have highlighted the importance of understanding teachers' pre-existing
conceptions of biodiversity, as they can have a significant influence on how they teach this concept
[18,29]. Research has revealed a diversity of representations among educators regarding biodiversity,
ranging from anthropocentric conceptions that emphasize economic utility and benefits to humanity,
to ecological conceptions that emphasize the complex interrelationships between species and
ecosystems [17,30].

In the field of science didactics, several researchers have explored teachers' representations of
biodiversity. For example, a study conducted by Bilgin (2016) found that teachers often had limited
conceptions of biodiversity, reducing them to the simple notion of species diversity without taking
into account genetic and ecosystem aspects [31]. In addition, some studies have shown that teachers
may have impediment representations on specific topics related to biodiversity, such as species
extinction or the causes of biodiversity decline [22,31].

Teachers' representations of biodiversity can be influenced by various factors such as their initial
training, personal experiences, sociocultural environment, and available teaching resources [32]
Therefore, it is crucial to take these factors into account when designing teacher education and
professional development programs, to foster a shift in teacher representations towards more
accurate and comprehensive conceptions of biodiversity [32].

3. Materials and Methods

3.1. Research Context

This study is part of a project that focuses on the teaching of biodiversity and its contribution to
the installation of education for sustainable development. Authorization to distribute the
questionnaire, at the level of schools in the "provincial directorate of Guelmim", is provided by the
Regional Academy of Education and Training of the Guelmim Oued Noun region. The "Provincial
Directorate of Guelmim" has 1107 teachers for the 2021/2022 school year (896 teachers in the primary
cycle and 107 in the secondary cycle) during which the survey was carried out.
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3.2. Sample

The survey concerned two samples of teachers of different categories: the primary cycle and the
secondary cycle of teaching in the "provincial directorate " of Guelmim city in Morocco. Both groups
were randomly selected. We targeted teachers who teach science at the primary level and those who
teach life and earth sciences discipline at the secondary level because the concept of "Biodiversity",
the subject of our survey, is strongly linked to the curricula of these disciplines. We sent 200 surveys,
and we received 118 responses. The percentage of representativeness of these 118 teachers in relation
to the total number of teachers in the Guelmim province is equal to 25.48%. The sample include 48
teachers from primary school and 70 teachers from secondary school (30 of them from middle school
and 40 from high school). These participants represent a diversity of school backgrounds and
professional experiences.

3.3. Sample Characteristics

Analysis of the results relating to respondents' personal information in both samples revealed
the following points:

These data (Table 1) show that both samples of the survey are part of a heterogeneous target
population of teaching staff that is socio-professionally and culturally characterized by:

e  Fairly long experience in the field of teaching and education, taking into account the seniority
factor in professional experience: significant teaching experience more than 10 years (87% in
primary school and 66% in secondary school);

e Adequate diploma teacher training that qualifies them to work in the field of teaching and
education: 82% for the primary cycle sample and 94% for the secondary cycle sample;

e  The majority of teachers (32%) in the primary cycle hold a bachelor's degree, and the vast
majority of secondary teachers (45%) hold a master's degree;

e  Heterogeneity in the specialty of university degrees, obtained by primary school teachers (77%
other specialty than life and/or earth sciences) and diversity in scientific specialties (82% relating
to life and earth sciences) of diplomas obtained by secondary school teachers;

e Male gender dominance in both samples: 79% for the primary cycle sample and 63% for the
secondary cycle sample;

e The majority of the sample of primary school teachers who responded to the questionnaire are
from rural areas (55%) and the majority of secondary school teachers are from urban areas (70%).

Table 1. Main socio-professional characteristics of the survey population.

a. Teacher gender distribution. b. Teacher distribution depends on the work
environment.
female male
Primary School 21% 79% Urban  Rural
Secondary Primary School 45% 55%
37% 63% o o
School Secondary School 70% 30%

c . Teacher distribution according to years of experience.

<5 [5-10] [11 - 15] [16 - 20] >20
Primary School 5% 9% 5% 22% 59%
Secondary School 19% 15% 9% 15% 42%

d . Teacher distribution according to the obtained diploma.

high school  Associate = Bachelors' Masters' Doctoral
diploma degree degree degree degree
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Primary School 26% 9% 32% 28% 5%
Secondary School 0% 19% 30% 45% 6%

e . Teacher distribution according to the specialty of the obtained diploma.

Biology Geology Ecology Education Other
Primary School 0% 0% 0% 23% 77%
Secondary School 52% 15% 15% 12% 6%

f . Teacher distribution according to professional teaching training.

Yes No
Primary School 82% 18%
Secondary School 94% 6%

3.4. Research Tools

To collect the data, we used two main research tools:

e A questionnaire: We designed a questionnaire with 7 questions on socio-cultural characteristics,
one question about the possibility of visiting teachers in the classroom for interviews while
ensuring the anonymity of their data, and 5 closed-ended questions related to the biodiversity
concept and its teaching. Teachers were asked to provide a means of contact, such as a phone
number or email address, to facilitate the scheduling of subsequent interviews. Responses were
recorded using predefined categories ("yes" or "no"; "agree" or "undecided" or "disagree"). The
questionnaire data were entered and organized in a data collection table using Excel 2019
software;

¢ Individual interviews: We conducted individual interviews with 11 teachers who agreed to
participate in the study. The interviews were guided by open-ended questions allowing teachers
to express themselves freely and deepen their reflections. The questions aimed to deepen the
responses provided in the questionnaire and to obtain more detailed information on their
representations of biodiversity and their views on its teaching.

3.5. Data Collection and Analysis

The data collection took place in several stages. First, the questionnaires were distributed to
teachers. Then they deposited them with the administration of their establishments. We collected
them afterward. Thereafter, individual interviews were scheduled with the teachers who agreed to
participate. These interviews were recorded and transcribed (some teachers were reluctant to record).

For the analysis of quantitative data, we used Excel2019 software. Questionnaire responses were
processed and organized in a data collection table, allowing for quantitative analysis of percentages
and trends.

For the analysis of qualitative data from interviews, we adopted a thematic approach. The
transcripts were thoroughly reviewed to identify emerging themes and motifs related to teacher
representations and biodiversity education.

This mixed methodological approach was chosen for its complementarity, allowing us to obtain
both quantitative and qualitative data. Quantitative data allowed us to identify trends and
percentages, while qualitative data provided an in-depth and nuanced perspective on teachers'
representations. This combination allowed us to have a more complete understanding of the concept
of biodiversity in the context of teaching and to explore teachers' opinions and reflections on this
issue.
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4. Results
4.1. Conceptual Representations of the Surveyed Teachers Relating to the Concept of "Biodiversity”

This analysis of the opinion of the surveyed teachers focuses on the degree of concordance or
discrepancy with the three above-mentioned different proposals in the definition of the concept of
biodiversity. It shows the number of relative responses that chose "agree", "indifferent" and "disagree"
for the statements related to each definition of biodiversity. More than 60% of primary school teachers
and 70% of secondary school teachers agree with the two proposed definitions V1 and V2 of the three
proposed. On the other hand, the proposed definition V3 is rejected by the vast majority of
respondents. Moreover, by grouping the numbers of responses relating to the "indifferent" and
"disagree" modalities, more than 70% of them do not agree with this perception in the primary cycle
and more than 85% in the secondary cycle.

Primary school

]
V3

V2 I
V1 = 9%}

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

[ m Agree mUndecided = Desagree ‘

Secondary school
,
V3 '*'
w 7] 2150
[8%)
A
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

| ® Agree ®Undecided Desagree|

Figure 1. Distribution of the opinions of the surveyed teachers regarding different proposals for the
definition of biodiversity. V1: Biodiversity refers to all species and living beings on earth or in a specific
ecosystem; V2: Biodiversity includes both the different species and forms of life (animal, plant, entomological,
and other) and their variability (i.e., their evolution dynamics in their ecosystems); V3: It refers to the variety
of constituent elements of life.

However, teachers' opinions on the different proposals for the conception of biodiversity
concerning the three response modalities "V1, V2, and V3" at the scale of "agree" to "disagree", shows
that the V2 and V1 conceptions of biodiversity are the closest to the respondents’ representations.

The latter finding is also highlighted, by establishing parameters based on a rating of 1
(Disagree) to 3 (Agree). Indeed, the two conceptions that are closest to the conceptual representation
of the vast majority of the two categories of respondents, according to this scale, have an average
value above 2.5 in the sample of secondary school teachers, and one of the conceptions in the sample
of primary school teachers (Table 2).
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Table 2. Average values of the respondents' response methods to different proposals for the definition

of biodiversity.
Categories of respondents A\./erage Value Average value
(Primary school) (Secondary school)
V1 2.36 2.60
V2 2.54 2.55
V3 1.72 1.51

4.2. Conception of Biodiversity in Primary and Secondary School Curricula

An analysis of the incorporation of the concept of biodiversity in the curricula of the disciplines
of "scientific activity" of the primary cycle and that of "life and earth sciences" of the secondary cycle
in Morocco, was carried out [31]. The analysis of the presence of the concept of "biodiversity" in
primary and secondary school curricula, based on five dimensions of the concept of biodiversity,
gave these results:

e In the primary cycle, the most present dimensions in the curricula are “classification” and
“ecology”, both at 35%. This suggests that these aspects of biodiversity are addressed
meaningfully in primary school curricula. The dimension of “human activities and behaviors”
is also present at a significant level of 29%. The "genetic" and "evolution" dimensions are
considered more advanced for elementary school children. "Genetic" is addressed later in the
second year of secondary middle school.

e In secondary education, there is a more balanced distribution of biodiversity dimensions. The
genetic dimension is present at a percentage of 26%, indicating a greater inclusion of this concept
in secondary school curricula. The dimensions of ecology and human activities and behaviors
are present at percentages of 12% and 26% respectively. The dimension of evolution is also
present at a percentage of 18%.

4.3. Characteristics of the Concept of "Biodiversity” according to the Opinion of the Surveyed Teachers

4.3.1. The Concept of "Biodiversity" in School Curricula according to Surveyed Teachers

Regarding respondents' conception of the role of school curricula in teaching students the
concept of biodiversity, the results in Figure 2 show the dominance of the three proposed responses
HB”, HCH and ”DH‘

559 2]

5 20% 15%

A B

0% 20% 40% 60% 80% 100%

m Agree ®Undecided = Disagree

Figure 2. Main contributions of teaching the concept of "biodiversity" according to the opinion of the
surveyed teachers in the school curricula. A: The development of knowledge available to the student so that
they can protect biodiversity; B: The installation of "good actions” that will protect biodiversity; C: The
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installation of the search for a more balanced relationship between man and nature; D: The establishment of
concern for the sustainability of the species and its evolution.

While respondents seem to be in favor of the contribution of science curricula in the adoption of
"good actions" in practice ("B") and an awareness of the sustainability of species ("D"), there are
reservations about its contribution to the development of specific knowledge ("A").

In the results presented, we can attribute the concepts "knowledge", "how to do", "how to be"
and "how to act" to the different proposals "A", "B", "C" and "D" as described below:

e "Knowledge" corresponds to a proposal "A". This is theoretical understanding and expertise in
various areas related to biodiversity;

e  "Skills" (how to do) can be associated with a proposal "B". This includes the practical skills and
interpersonal collaboration needed to take concrete action for biodiversity protection;

e  The "strategic competencies" (how to be) correspond to a proposal "C". This refers to the ability
to integrate many parameters into decision-making and the management of interactions
between man and nature;

e  '"Personal qualities" (how to act) can be linked to a proposal "D". This encompasses attitudes,
values, and behaviors that promote awareness of the sustainability of the species and its
evolution.

While the majority of teachers are disagree on the contribution of school curricula in the
development of specific knowledge (Figure 2), they recognize their importance in contributing to the
development of practical skills (how to do), strategic skills (how to be), and personal qualities (how
to act) for the protection of biodiversity and the establishment of a balanced relationship between
man and nature (Figure 3).

Knowledge
70%

60%

50%

How to be How to do

How to act

e Agree ====Tndecided Disagree

Figure 3. Distribution of teachers' opinions on the contributions of teaching the concept of
"biodiversity" in the school curricula.

It should be noted that these results (Figure 3) are based on teachers' responses to the
questionnaire. During the interview, we had the opportunity to shed more light on these collected
results. The results of the interview also highlight the necessity of increasing the devoted time slot to
the knowledge of the different dimensions of the concept “of biodiversity” in science curricula.

4.3.3. Importance of Teaching the Concept of Biodiversity according to Surveyed Teachers

To obtain a more complete and representative view of teachers' representations of biodiversity
in education, we asked them during the interview about their means of acquiring information on
biodiversity and their opinions on the importance of this concept compared to other concepts in
science curricula such as the concept environment, ecosystem, nature and ecology.
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The opinions of the surveyed teachers on the importance of the concept of biodiversity compared
to other concepts in the school curriculum can be observed:

e  Teachers agree: The majority of teachers (65%) agree on the importance of the concept of
biodiversity compared to other concepts in the school curriculum. This suggests that they
recognize the value of teaching biodiversity and consider it worthy of special attention in the
context of education;

o  Teachers disagree: A small percentage of teachers (11%) disagree on the importance of
biodiversity compared to other concepts. Their specific reasons for disagreement are may be due
to different pedagogical perspectives or different educational priorities;

¢ Indifferent teachers: Another interesting aspect is that 35% of teachers say they are indifferent to
the importance of biodiversity compared to other concepts. This could reflect a lack of
knowledge or particular interest in the topic of biodiversity, or perhaps a perception that other
concepts might be more important or prioritized.

4.3.4. Main Means of Acquiring Information about the Concept of "Biodiversity" among the
Surveyed Teachers

We asked teacher s about the ways from which they acquire information on the concept of
biodiversity and we got a variety of ways in which teachers obtain information on biodiversity with
a combination of formal educational approaches, professional exchanges, and personal research
initiatives.

The surveyed teachers were asked to provide clarification on their choices regarding the means
of acquiring information on the concept of biodiversity:

e  Acquisition of information on biodiversity through educational programs (39% of surveyed
teachers): These teachers report relying on specific educational resources related to biodiversity,
such as textbooks, university curricula, or their professional training;

e Acquiring information on biodiversity in a professional setting (20% of surveyed teachers): This
could include, according to them, exchanges with other teachers and training provided in the
framework of associations of teachers of the disciplines of life and earth sciences;

¢  Acquiring information on biodiversity through personal research (41% of surveyed teachers):
They report turning to independent sources such as books, scientific articles, websites, or visits
to sites and museums during their travels to enrich their knowledge on the subject.

4.4. Framework of Reference Values for Educational Practices in Biodiversity Education

Each of the three proposed answers to the question on educational practices of biodiversity
education (Figure 4), represents a specific reference value:

e  Proposal A': emphasizes the social value of this teaching. By understanding biodiversity and its
importance, students can become aware of their role as responsible citizens committed to the
preservation of biodiversity;

e  Proposal B" reflects the ethical value of biodiversity education. By understanding the issues and
consequences of biodiversity loss, students are encouraged to adopt environmentally
responsible behaviors and make ethical decisions to preserve biodiversity;

e  Proposal C'": represents the cognitive value of biodiversity education. By encouraging students
to debate, discuss and challenge different perspectives and issues related to biodiversity, this
approach promotes the development of their cognitive skills and critical thinking.

Based on the survey results (Figure 4):

e  The majority of teachers (55%) do not consider teaching biodiversity to have a direct impact on
the student's development and personal well-being (proposal A');

e Although the majority of teachers (51%) do not support this proposal B, a significant percentage
(33%) recognize the importance of acquiring knowledge about biodiversity conservation to
induce behavioral change in students;

e Although proposal C’ has the highest percentage of agreement, almost half of the teachers (44%)
do not support the idea that biodiversity education can provide training focused on critical
thinking and debate.
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Figure 4. The main framework of reference values that frame the educational practices of biodiversity
teaching according to the opinions of the surveyed teachers. A”: The consideration of biodiversity
education as a way for the development and personal well-being of the student; B’: The acquisition of knowledge
related to the preservation of biodiversity for the change of student’s behavior; C”: Critical thinking training to
make students reflect on the concept of biodiversity through debate and discussion.

4.5. Teaching-Learning Approaches Preferred by the Surveyed Teachers to Teach the Concept of
"Biodiversity”

From a particular question in the survey in which respondents are asked to make their choices
of learning approaches or practices they use to teach the concept of biodiversity, allowed us to
identify the following results:

The results obtained (Figure 5) are then clarified with the teachers during the interview. We
present the results as follows:

e  Proposal A": The results indicate that 42% of teachers consider the deductive approach to
teaching the concept of biodiversity, through classroom activities, as a choice approach. On the
other hand, a significant proportion of teachers express their disagreement and encourage the
inclusion of other approaches to work on biodiversity in the classroom;

e  Proposal B": 49% of teachers agree with the idea of carrying out personal biodiversity research
projects outside the classroom, 22% are indifferent and 29% disagree. Thus, the majority of
teachers (49%) support this approach, which suggests an interest in literature review;

e  Proposal C": The overwhelming majority (60%) of teachers do not support the inclusion of school
projects as an approach to students' learning about biodiversity. They state that school projects
are not interested in the theme of environmental education and sustainable development of the
student but rather in the field of students' tutoring for the subjects of mathematics and foreign
languages;

e  Proposal D": 29% of teachers agree with students' participation in extracurricular activities
related to biodiversity within school clubs, 22% are indifferent and 49% disagree. The majority
of teachers (49%) express their disagreement with this inductive method which requires their
commitment to mentoring practical experiences and field investigations. This requires great
responsibility, means, and materials that the teachers should take charge of.
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Figure 5. Main educational activities that frame the educational practices of teaching biodiversity of
the surveyed teachers. A”: Classroom activities; B": Research projects outside the classroom space; C":
Participation of students in extracurricular activities related to the school project; D": Student
participation in extracurricular activities in school clubs.

Then, a considerable number of respondents (Figure 6) chose to take into account the deductive
approach in the classroom and the realization of students' projects outside the classroom in teaching-
learning situations related to the concept of biodiversity.
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Figure 6. Radar analysis of the modalities of responses of surveyed teachers about the methods
recommended to teach the concept of biodiversity.

4.6. Impact of Socio-Professional and Cultural Factors on the Epistemological Status Associated with
Biodiversity

It is important to note that socio-professional and cultural factors may play a role in shaping
teachers' representations associated with biodiversity:
4.6.1. Seniority

The cross-referencing of the variable of "professional experience/seniority" of the surveyed
teachers with the different proposals for defining biodiversity led to the results represented in Figure
7
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Figure 7. Barometer of the different methods of respondents' responses to the conception attributed
to biodiversity with their professional experience.

Analyzing globally the graphs relating to the proposals for defining biodiversity (V1, V2, V3)
according to the seniority of primary and secondary school teachers, here are the general observations
that can be made:

e  Teachers' seniority can influence their perception and understanding of biodiversity;

e  More experienced teachers seem to have more nuanced opinions and may be more inclined to
question or be undecided on certain proposals;

e  Proposals V1 and V2 of the definition of biodiversity, for secondary school teachers, seem to be
more widely accepted, regardless of seniority. However, the V3 proposal is causing more
differences of opinion, with a tendency to be less accepted, especially among teachers with less
experience.

4.6.2. Diploma Obtained

The results of the crossing of the different modalities (V1, V2, V3) according to the obtained
diploma are as follows:
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Figure 8. Barometer of the different modalities of respondents' responses to the conception attributed
to biodiversity to their diploma obtained.

According to the overall results analysis of the influence of the "obtained diploma" factor on the
choices of primary and secondary school teachers relating to the proposed definition of biodiversity
V1, V2, and V3:

e  Proposal V1: Teachers with a high school diploma show mixed opinions, with an equitable split
between agreement, indecision, and disagreement. Teachers with an associate degree mostly
agree with the proposal, while those with a bachelor's degree show a majority of disagreements.
On the other hand, teachers with a master's degree or doctorate are unanimous in their
agreement with the proposal.

e  Proposal V2: Teachers with a high school diploma show a majority of disagreements with the
proposal. On the other hand, teachers with an associate degree are all in agreement. Teachers
with a bachelor's degree show a majority of agreement, while those with a master's degree also
show a majority of agreement. Teachers with a Ph.D. agree with the proposal.

e  Proposal V3: Teachers with a high school diploma show a majority of disagreements with the
proposal. Elementary school teachers with an associate degree mostly disagree and those in high
school mostly agree, while those with a bachelor's degree show a majority of disagreements.
Teachers with a master's degree show some agreement, while those with a doctorate mostly
disagree with the proposal.

These differences suggest that there may be variations in the representations of primary and
secondary school teachers regarding the epistemological status associated with biodiversity,
depending on their level of education.

4.6.3. Specialty of the Diploma

The overall analysis of the study results of teachers’ choice between the three proposals for
biodiversity definition (V1, V2, V3) according to the specialty of their obtained diploma allows us to
identify that:
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Figure 9. Barometer of the different methods of respondents' responses to the conception attributed
to biodiversity with the specialty of their diploma obtained.

The results indicate diverse scientific specialties (related to life and earth sciences: biology,
geology, ecology) in university degrees earned by secondary school teachers and heterogeneity in the
fields of study of elementary school teachers (other than life and earth sciences). The specialty of the
diploma may have some influence on primary school teachers' representations of biodiversity,
particularly about proposals V1 and V3. On the other hand, for secondary school teachers, the
specialty of the diploma seems to have less impact on attitudes towards biodiversity, except proposal
V3 where secondary school teachers, regardless of their specialty, mostly express their disagreement.
This highlights the importance of strong and tailored professional training to develop positive
representations and increased awareness of biodiversity among teachers.

4.6.4. Professional Training

The results of the analysis suggest an influence of professional training on teachers'
representations of biodiversity among primary and secondary school teachers.
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Figure 10. Barometer of the different methods of respondents' responses to the conception attributed
to biodiversity to their vocational training.

These results highlight that teachers with training in education professions in education seem to
be more in agreement with proposals V1 and V2. In addition, secondary school teachers who have
undergone vocational training in specific scientific fields (such as biology, ecology, and geology)
seem to have a positive impact on their representations related to biodiversity: they all agree 100%
with the V2 proposal.

5. Discussion

5.1. Teachers’ Representations of Biodiversity

A concordance is expressed to the two types of conceptual representations V1 and V2 of
biodiversity among the three proposed (Figure 1), by the vast majority of primary and secondary
surveyed teachers (more than 70% of respondents). The results (Figure 1) show that the majority of
surveyed teachers conceive biodiversity in its broadest conception. They integrate several levels of
organization of biodiversity namely specific, ecosystem, and genetic diversity without forgetting the
functional diversity and the evolutionary and inter- and intra-relational aspects of species. Moreover,
it should be noted that despite the high proportion of respondents who considered biodiversity to be
a complex concept including several levels of organization, this perception does not seem to be shared
by all the surveyed teachers. Indeed, the percentages of primary school teachers who disagree
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concerning the two modalities V1 and V2 are less important (14%) and those who disagree are also
significant (47%). Also, 46% of secondary school teachers disagree with these two response methods.

These results reflect the development of a biocentric and anthropocentric conception, among
these teachers, during their professional experience [34].

We find, with very high rates, the five dimensions of biodiversity mentioned above: the
dimension of "classification" that defines biodiversity as a diversity of species of fauna and flora. As
well as that of microorganisms and man, followed by the diversity of ecosystems and living
environments of this specific diversity that interact with each other forming a functional diversity.
Then, the genetic dimension and evolutionary dynamics. Finally, the interaction between humans
and biodiversity highlights the importance of conservation and the installation of positive behaviors
[33].

In light of the results of the textual analysis of the Moroccan curricula content of the subject of
“scientific activities" in primary school, and the subject of “life and earth sciences” in secondary
school [33], we can explain the origin of biocentric and anthropocentric conceptual representations
of biodiversity among secondary school teachers by the large and varied presence of thematic units
of biodiversity in the school curricula of the studied subjects. These themes essentially deal with the
five dimensions of biodiversity that constitute the main conceptual representations of the surveyed
teachers, including specific, ecosystem and genetic diversity with the evolutionary and functional
dimensions.

Besides, the conception of biodiversity as "ecosystem diversity" is in the majority among both
categories of teachers because most respondents expressed their agreement with statement V1 and
their disagreement with statement V3 which considers biodiversity nothing more than "specific
diversity" (Figure 1). The conceptual representation of "biodiversity" with these three levels of
organization (specific, ecosystem, and genetic) [35] is enriched by the presence in the school curricula
of the subjects taught by the respondents. The thematic contents of biodiversity largely deal with
themes related to species topics, classification, genes, and human behavior toward the environment
in subject programs. The analysis of American school curricula [35] show that biodiversity is
addressed in primary school curricula, with a strong emphasis on classification and ecology. In
addition, the qualitative analysis of the learning objectives in the new reform of the primary
curriculum reveals that there is an orientation towards the "how to act” and the installation of positive
behaviors in students after the acquisition of knowledge deemed sufficient to take action by the
student in his living environment. In secondary school curricula, there is a significant inclusion of
genetics, ecology, evolution, and aspects related to human activities and behavior.

Our study of teachers' representations of the main dimensions attributed to biodiversity shows
a broad agreement among respondents with the global nature of biodiversity and its complexity. This
perfect concordance shows that biodiversity is perceived as a whole and in its most complex
definition by most teachers.

Moreover, an incomplete understanding of biodiversity has been acknowledged by previous
studies. According to a study conducted in the Azores in Portugal [36], teachers' representations of
biodiversity share some common points with the definition of the concept of biodiversity, although
most focus only on the species dimension. A study of Dikmenli (2010), about the conceptual
framework of biodiversity in 130 biology training teachers, shows that that even if they had a more
varied and technical vocabulary related to biodiversity, they still had an incomplete understanding
of the concept. This suggests that their knowledge of biodiversity was limited and did not fully
encompass the multidimensionality of the concept. Also, according to a Brazilian study, teachers
considered the evolutionary perspective is important in teaching biodiversity [37]. But the
justifications for its importance varied between them. However, the study found that the concepts
with the least emphasis by teachers are those related to macroevolution and phylogenetics. The
authors suggest that this may be due to the fragmentation of contents in biology education in Brazil.

However, studies of teachers' representations of biodiversity reveal a marked resonance with
the importance that these representations take into account the complexity of the concept of
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biodiversity, encompassing dimensions such as species diversity, ecosystems, genetics, evolution and
interaction with humans.

5.2. Teachers’ Perceptions of the Importance of Biodiversity Education

The analysis of the results (Figure 2) highlights the diversity of teachers' perspectives on the
importance of biodiversity education to promote better understanding and adequate action to
conserve it. This underlines the importance of an in-depth discussion on how to effectively integrate
biodiversity into science education, to promote better understanding.

Factors influencing these perspectives include teachers' values, their understanding of
biodiversity, their professional knowledge, and the educational and institutional contexts in which
they operate.

Some teachers (Figure 3) attach particular importance to teaching biodiversity as a valuable
resource for humanity and the need to preserve it for future generations. These teachers are aligned
with biodiversity conservation values and sustainable development, drawing inspiration from
environmental citizenship approaches [38]. They see biodiversity as an integral part of training
students as responsible citizens committed to environmental protection.

Other teachers (Figure 3) attach particular importance to the acquisition of practical knowledge
related to the preservation of biodiversity. They recognize that students need to understand the
problems and consequences of biodiversity loss to adopt environmentally friendly behaviors and
make ethical decisions [39]. These teachers are motivated by the idea that teaching biodiversity can
contribute to a change in students' behavior, encouraging them to adopt sustainable and
environmentally friendly practices.

Still, other studies [9] place significant importance on training critical thinking in students
through debate and discussion of biodiversity. They recognize that the study of biodiversity can
provide opportunities to explore complex issues and engage students in reasoned debates. This is
seen as a key aspect of educating students to become informed and engaged citizens capable of
making decisions that will impact the future of our civilization [7].

In our study, the teachers value the development of cognitive skills and critical thinking in
students, preparing them to analyze environmental issues thoughtfully and to question dominant
perspectives [5]. On the other hand, some teachers express indifference to the importance of
biodiversity. This may be due to a lack of in-depth knowledge on the subject or insufficient access to
adequate pedagogical resources to teach it effectively [9,38]. This highlights the need to strengthen
teacher training on biodiversity and provide quality educational resources to support them in their
teaching.

It should also be noted that teachers' views on the importance of teaching biodiversity can be
influenced by contextual factors such as educational priorities, school policies, and available
resources [40]. Pressures related to other curriculum concepts, time constraints, and institutional
expectations may also play a role in how teachers perceive the relative importance of biodiversity
compared to other concepts.

5.3. Teachers’ Choices and Perceptions of Teaching Approaches Related to the Concept of ”Biodiversity”

Except for the inductive approach and the participatory approach, which did not have many
supporters among the respondents (Figure 5), the other methods and approaches questioned by the
questionnaire, to make students learn or teach the concept of "biodiversity", were mainly chosen by
respondents from both categories of teachers, both primary and secondary. The approach that gives
priority to the teaching of knowledge and the analysis of documents in class is the most shared
opinion (Figure 5).

However, it should be noted that this construction of the concept of "biodiversity", which can be
done through direct observations, landscapes, and natural phenomena as part of an individual or
collective project, is the most shared by researchers [20,21]. Also, according to the analysis of 317
international scientific articles published since 2000 [9], there are several teaching methods that are
commonly used to promote biodiversity education in biology. These methods include hands-on
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instruction, experiential learning, teacher presentation, group work, and interactive learning. It is
worth noting that these methods are often combined to promote learning about biodiversity, and
both teacher-centered and learner-centered teaching methods are used to teach biodiversity. In
addition to these commonly used methods, teachers also employ typical teaching methods for
biology, such as problem-oriented, experimental, long-term projects, and outdoor/field and inquiry-
based learning [9]. These methods are often used to help students develop a deeper understanding
of biodiversity and its importance in the natural world. Overall, the analysis suggests that a variety
of teaching methods can be effective in promoting biodiversity education in biology [9]. By using a
combination of these methods, teachers can help students develop a more comprehensive
understanding of biodiversity and its role in the natural world [9].

In our study, not all teachers support the role of biodiversity education in setting values (Figure
4). In addition, during the interview, a minority of respondents expressed their use of a particular
method or approach. It reflects the low pedagogical importance that they attribute to the
diversification of educational strategies to teach the different dimensions of biodiversity, taking into
account its complex nature.

According to studies by Lhoste and Voisin (2013), Teachers can adapt their pedagogical
approach by choosing an appropriate pedagogical modality to address biodiversity in science
classroom [7]. Teachers can choose an activist approach, where the emphasis is on student action, or
a reflective approach, where the emphasis is on education for discernment based on heterogeneous
knowledge and learning to debate [7]. It is also important to define relevant objects of study to
address biodiversity in science classroom and to aim for the acquisition of knowledge, the
modification of behaviors through action or the training of the citizen through discussion [7].

Being aware of the pedagogical importance of different learning methods in the construction of
knowledge relating to biodiversity must be inculcated by the professional training of teachers in both
cycles [20,41]. Moreover, the socio-professional characteristics highlighted by this survey of the target
population show that the vast majority of surveyed teachers have undergone pedagogical training
during their training cycle which allows them a professional qualification [42].

Yet it has been noted that despite this professional training and the presence of a call for the
adoption, in the new pedagogical reform of our education system, of an educational trend based on
active pedagogical methods instead of those of traditional pedagogy [42], transmissive learning still
dominates our teaching-learning process. This is reflected in the priority given by the surveyed
teachers to transmissive methods to the detriment of participatory methods in the construction of the
biodiversity concept and associated notions.

The use of this type of transmissive learning, according to some secondary school interviewees
teachers, is justified by the insufficient time reserved for teaching units because of the workload of
the programs in this cycle and the loss of school schedules. It is also justified by the overcrowding of
classes (it sometimes happens that classes reach 50 students) and by the insufficiency in the
infrastructure (lack of specialized rooms) and in the pedagogical means (means and materials of
school outings and excursions, video projectors, computers, science laboratory equipment ...).

5.4. Influence of Teachers’ Professional Characteristics on the Development of Their Representations of the
Concept of “Biodiversity”

The study of factors such as seniority, diploma, diploma specialty, and professional training can
provide a better understanding of the influence of these variables on teachers' representations of
biodiversity:

e  Seniority: Seniority can play an important role in teachers' representations. According to social
learning theory [43] individuals acquire knowledge, attitudes, and behaviors through observation
and imitation of others. Thus, older teachers may have been exposed to educational practices that
place more emphasis on biodiversity and are therefore more likely to have positive representations
of it [29]. This could explain why more experienced teachers show higher percentages of agreement
with the survey proposals (Figure 7);

e  Diploma: Teachers' diplomas can influence their representations of biodiversity. Teachers with
a degree in education may have taken specific courses or training programs in environmental
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education, which may reinforce their knowledge and positive attitudes toward biodiversity [44]. On
the other hand, teachers with a degree in other specialties may be less exposed to biodiversity
concepts and may therefore have less developed representations. This would explain the differences
observed between teachers in education and those in other specialties in the survey (Figure 8);

e  The specialty of the diploma: The specialty of the degree can also play a role in teachers'
representations. Teachers with a specialty related to biology, ecology, or geology may have a deeper
understanding of biodiversity concepts (Figure 9), which may be reflected in more positive
representations [29]. On the other hand, teachers who have a different specialty may have limited
knowledge of biodiversity, which may explain the lower percentages agreeing with the survey
proposals (Figure 9).

e  Professional training: The professional training of teachers is a key factor in developing their
knowledge and representations of biodiversity. In-service training programs focusing on
environmental and biodiversity education can help teachers acquire new knowledge and skills,
change their attitudes and adopt more biodiversity-friendly pedagogical practices [1]. Thus, teachers
who have benefited from biodiversity-specific professional training (Figure 10), have more positive
representations than those who have not had this opportunity.

6. Conclusions

In conclusion, this study explored teachers' representations of the concept of biodiversity. The
results highlight the diversity of perceptions among teachers towards this key concept. The majority
of teachers interviewed showed that they perceive biodiversity as a whole and in its most complex
relationships. Also, they recognize the importance of biodiversity in the same way as other concepts
in school curricula.

The use of a closed questionnaire allowed us to collect quantitative data. The interviews, on the
other hand, allowed us to obtain rich and detailed qualitative data, thus deepening our
understanding of teachers' representations of the concept of biodiversity and their perspectives on
the importance of its teaching.

The analysis of the results revealed significant variations in teachers' responses to different
educational proposals related to biodiversity. While some teachers supported the idea of considering
biodiversity education as a means of students' personal development and well-being, others
expressed more mixed or even unfavorable views.

These results highlight the complexity of biodiversity education and highlight the need for
adapted and flexible pedagogical approaches. Teachers play a central role in transmitting knowledge
and values related to biodiversity, and their adherence to different educational proposals can have a
significant impact on the effectiveness of teaching.

The results contribute to the existing body of knowledge on biodiversity education by providing
empirical evidence on teachers' representations and attitudes. This knowledge is essential to guide
in-service teacher training programs and decision-making initiatives to improve biodiversity
education. By understanding teachers' representations and perspectives, stakeholders can collaborate
to develop educational strategies that promote students' ecological literacy, promote sustainable
behaviors, and empower them to become responsible stewards of biodiversity.

These results highlight possible contradictions or inconsistencies observed in teachers'
responses, thus providing valuable information for future research and educational practice.
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