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CHAPTER I: THEORETICAL FRAMEWORK
1.1. Rationale of the topic

From the formation of the Earth to the emergence of human civilization, geological and physico-
chemical processes have shaped life on the planet, influencing the structure and dynamics of
ecosystems. While the evolution of species has always been driven by natural phenomena, a radical
shift occurred with the rise of human communities, whose expansion intensified interactions with
the environment, often resulting in negative impacts on ecological balance (Hooper et al., 2005;
IPBES, 2019).

An anthropocentric worldview, placing humans at the centre of concern and above nature, has
significantly contributed to the current ecological crisis. Over the past century, human activity has
exerted an increasingly severe impact on the environment, leading to a biodiversity loss,
fragmentation of natural habitats, and their contamination with toxic substances (Malcolm &
Markham, 2000; Elmqvist et al., 2016).

Despite repeated warnings from the scientific community through studies, publications, and
documentaries, the societal response has remained limited. Alarming media messages such as,
“Life in the oceans will disappear in the next 50—60 years if we do not change our behavior,” have
generally failed to bring about significant changes in public attitudes and daily practices. This
phenomenon can be explained, at least in part, by a distorted perception of risk, viewed as distant
in time and space, which diminishes the motivation for immediate action. Recent studies highlight
that emotions and a sense of connection with nature play a crucial role in adopting environmentally
responsible behavior (Castillo-Huitrén et al., 2020; Chawla, 2007). This doctoral thesis thus argues
for the importance of ecological education grounded in an understanding of psychological and
social mechanisms, aiming to promote a sustainable relationship with the natural environment and
ensure a durable future.

1.2. General aspects of insects and their conservation

Insects (Class Insecta) represent the most abundant and diverse group of organisms within the
animal kingdom (Chowdhury et al., 2017; Stork, 2018). They play a crucial role in ecosystem
functioning and are a major component of global biodiversity. Their loss would lead to significant
ecological imbalances.

1.2.1. The importance of insects

The utilitarian human perspective on nature often emphasizes the economic benefits, particularly
in the case of insects, through the lens of the ecosystem services they provide (Chowdhury et al.,
2017; Schowalter et al., 2018; Ramos et al., 2020; Goulson, 2021). However, this approach risks
minimizing their ecological, biological, and cultural value. Nature has intrinsic worth, and
protecting insects is vital for maintaining ecosystem balance and, by extension, human well-being.
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Nevertheless, in a context where political decisions and public perceptions are frequently driven
by pragmatic criteria, it is necessary to consider how economic arguments can support
conservation efforts (Goulson, 2021). In this light, highlighting services such as pollination,
biological control, decomposition, and the maintenance of biodiversity becomes a valuable tool in
promoting conservation.

1.2.2. Cultural Entomology

To understand the complex relationship between humans and insects, it is essential to also explore
the cultural dimension of this interaction. Cultural entomology, a field conceptually shaped by
Charles Hogue (1986), investigates how insects have been represented and integrated into
literature, art, mythology, religion, and other symbolic expressions, reflecting both collective and
individual perceptions across various socio-cultural and historical contexts.

A clear expression of this relationship can be observed in traditional mythology and religion from
various cultures, where insects have been attributed deep symbolic meanings. For example, in
Greek and Aztec cultures, butterflies symbolized the soul and rebirth (Burland, 1975), while in
Slavic and Romanian folklore, they were seen as manifestations of the soul after death (Moszynski,
1967; Orkusz & Orkusz, 2024). The scarab in Egyptian culture, associated with the sun and
immortality, and the bee, viewed as a symbol of diligence and order, reflect the important role of
insects in the beliefs and rituals of ancient civilizations (Kritsky, 1991; Crane, 1999).

These mythical-symbolic projections were later reflected in various forms of artistic expression,
offering a visual and aesthetic framework through which insects have been portrayed in
metaphorical or ornamental ways. In visual arts, insects, especially butterflies, bees, and beetles
are used to convey religious, moral, or social messages (Yadav et al., 2024).

The influence of insects also extends to the field of music, where their sounds inspired classical
composers such as Josquin des Prez and Robert Schumann. In Chinese traditions, crickets were

valued for their chirping and were often kept in cages as symbols of natural harmony (Kritsky &
Smith, 2018).

With the advent of cinema, insects have been assigned various roles, either as frightening symbols
in horror and science fiction films (e.g., The Fly, The Mist), or as friendly characters in animations
such as A Bug’s Life and Bee Movie. The recurring portrayal of species like butterflies, ants, bees,
or flies reflects collective perceptions related to labor, metamorphosis, and fear or disgust.

Thus, cultural entomology offers a valuable perspective on how insects have been perceived,
symbolized, and integrated into human cultures, reflecting the deep and complex relationship
between humans and nature.



1.2.3. Issues related to insect conservation

Perceptions and values attributed to species are deeply influenced by personal experiences and the
degree of familiarity people have with them (Colléony et al., 2017; Martin-Lopez et al., 2007). In
the case of insects, the lack of a charismatic image and their frequent association with negative
emotions such as fear or disgust contribute to a low level of interest in their conservation (Cardoso
et al., 2011; Samways, 2015). Although arthropods represent approximately 80% of all known
animal species and play an essential role in maintaining ecological balance, they receive less than
10% of global biodiversity conservation funding (Zhang, 2011; Cardoso et al., 2011).

Despite their omnipresence in daily life and their crucial role in ecosystem functioning, public
attitudes remain the main obstacle to their protection (Fukano & Soga, 2021). Studies show that
these attitudes are shaped by cultural and educational influences, and that limited access to accurate
information, along with a lack of direct interaction, contributes to the persistence of distorted
perceptions (Bjerke & Ostdahl, 2004; Soga et al., 2020). In this context, environmental education
plays a key role in fostering responsibility toward nature, especially when it is innovative, critical,
and adapted to children's interests (Souza, 2009).

1.2.4. Factors influencing changes in attitudes toward insects

The emotional relationship between humans and nature can be explained through the concepts of
biophilia and biophobia. Biophilia, introduced by Edward O. Wilson (1984), describes an innate
positive predisposition toward nature, while biophobia reflects reactions of fear, disgust, or
indifference (Orians, 2007; Ulrich, 1993). The frequency of direct contact with nature strongly
influences this relationship. The phenomenon of the "extinction of experience" (Pyle, 1993; Miller,
2005) highlights the decline in time spent in natural environments, especially among children, with
negative effects on health and on attitudes toward the environment (Soga & Gaston, 2016; Soga et
al., 2020).

To counter these effects, both formal and informal ecological education plays an important role in
cultivating attachment to nature and promoting environmentally responsible behavior. Creating
direct experiences in nature helps to form positive memories and supports the long-term
conservation of biodiversity.

1.3. Environmental education: past, present, and future directions

Environmental education (EE) has deep historical roots, with influences dating back to the 18th
century (McCrea, 2006). It has developed over several centuries, shaped by the contributions of
philosophers and naturalists who emphasized the importance of human interaction with nature
(Palmer, 2002; Biedenweg et al., 2013). This subsection explores the origins of environmental
education, highlighting the role of the nature study movement and conservation education in laying
the foundation for this discipline.



Environmental education gained international recognition through a series of key conferences,
starting with the Stockholm Conference (1972), which emphasized the role of education in
addressing environmental issues (Chatzifotiou, 2001). The subsequent documents, the Belgrade
Charter (1975) and the Tbilisi Declaration (1977), outlined the main goals and core principles of
environmental education, offering a global framework for promoting a responsible and active
understanding of the environment (UNESCO-UNEP, 1977; Palmer, 2002; Peterson, 2022).

Today, EE stands at the crossroads of climate crises and educational responsibility. Its objectives
aim to shape informed, empathetic citizens capable of taking responsible environmental action
(Anderson & Jacobson, 2018; Stern et al., 2014). In Romania, however, EE holds a limited
position, often marginalized within the curriculum and primarily supported by non-governmental
initiatives (Ollerer, 2012). Academic community involvement and interinstitutional collaboration
remain essential for the development of effective environmental education, adapted to current and
future challenges.

1.4. Theoretical foundations of environmental education

To understand how education contributes to the formation of ecological attitudes, values, and
behaviors, it is essential to anchor it within a solid theoretical framework. This thesis integrates
several relevant theoretical perspectives that explain the processes through which individuals learn
to relate to the natural environment.

1.4.1. Social learning theory

Social learning theory, proposed by Albert Bandura (1961), emphasizes the role of observation,
modeling, and imitation in the learning process, highlighting the interaction between
environmental and cognitive factors. Children learn by being exposed to models—parents,
teachers, peers, or public figures—whose behaviors they observe and imitate (McLeod, 2016;
Licht & Kistner, 1986). Bandura identified four key steps in the modeling process: paying attention
to the relevant behavior, retaining it in memory, reproducing the observed behavior, and being
motivated to imitate it (Bandura, 1961, cited in Koutroubas & Galanakis, 2022). The famous Bobo
doll experiment illustrates how social learning begins at an early age and continues throughout
life.

1.4.2. Sociocultural learning theory

Lev Vygotsky’s sociocultural theory (1978) emphasizes the essential role of social interaction in
cognitive development. According to this perspective, children learn through exchanges with more
experienced individuals, internalizing values, strategies, and knowledge specific to the culture in
which they live. Unlike Piaget, who believed that development precedes learning, Vygotsky argued
that social learning drives development. A central concept of this theory is the Zone of Proximal
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Development (ZPD), defined as the range between what a child can do independently and what
they can accomplish with the help of an adult or a more capable peer (Bruner, 1997; Shabani et
al., 2010). This model highlights the importance of collaboration and guidance in constructing
knowledge and developing critical thinking (Nicolopoulou, 1993; Sarmiento-Campos et al., 2022).

1.4.3. The concept of scaffolding

Developed by Wood, Bruner, and Ross (1976) and based on Vygotsky’s work, the concept of
scaffolding refers to the temporary support provided by an adult or expert to help a learner
accomplish a task that they would not be able to perform alone (Kim & Hannafin, 2011; Van Der
Stuyf, 2002). Key features of this support include providing gradual assistance that is reduced as
the learner gains confidence and autonomy, adapting the intervention to the learner’s level of
understanding and individual progress, supporting learning through direct interaction and
collaboration, and ultimately, transferring responsibility from the adult to the learner to encourage
independent learning. Through this mechanism, scaffolding becomes an essential tool in cognitive
development, facilitating the learner’s transition from dependence to autonomy in the learning
process.

1.4.4. Transformative learning theory

Transformative learning theory, formulated by Jack Mezirow (1991), describes the process through
which individuals fundamentally change their perspectives in response to challenging or
unexpected experiences. This transformation occurs through critical reflection on existing beliefs
and values, leading to new frameworks for interpretation and action (Mezirow, 2000; King, 2003).
The process involves several stages, from facing a “disorienting dilemma” to adopting new
behaviors and reintegrating the new perspective into everyday life (Taylor, 1998). This theory
highlights the role of experiential learning and reflective thinking in the development of deeper
personal and social awareness.

1.5. Approaches to assessing pro-environmental behavior

Human behavior has a profound impact on the environment, and understanding the relationship
between people and nature is essential for mitigating negative effects on ecosystems (Lehman &
Geller, 2004). According to Zimbardo and Gerrig (2004, cited in Katarina, 2019), human behavior
is an adaptive process, influenced by context and environmental stimuli, as well as by the level of
awareness regarding the consequences of one’s own actions. Williamson et al. (2018) emphasize
the central role of individual behavior in addressing climate change and sustainability challenges.
While industry and agriculture are major sources of pollution, individuals’ everyday behaviors
cumulatively contribute to environmental degradation. In this context, mobilizing the population
to adopt environmentally friendly behavior becomes essential, though difficult to achieve on a
large scale.



This thesis addresses environmental attitudes and behaviors, with a specific focus on the human-
insect relationship. Environmentally responsible behavior includes actions aimed at reducing
negative impacts on nature, conserving resources, and promoting sustainability (Jackson, 2005;
Steg & Vlek, 2009).

Early theoretical models proposed a direct relationship between knowledge, attitudes, and behavior
(Burgess et al., 1998, cited in Kingston, 2016). However, later studies have shown that this
relationship is far more complex. Even in the presence of favorable attitudes, pro-environmental
behaviors are not automatically adopted, as they are influenced by social, contextual, and
psychological factors (Ajzen & Fishbein, 1980; Stern, 2000). Within environmental psychology,
two major theories provide a relevant explanatory framework: the Theory of Planned Behavior
and the Value-Belief-Norm Theory, both of which analyze how intentions and values influence
ecological behavior.

1.6. Objectives of the Doctoral Research

Throughout the doctoral research, the following objectives were pursued:

STUDY I: Systematic review of the literature on educational programs aimed at raising children's
awareness of the importance of insects.

STUDY II: Quantitative study — Exploring the perceptions, needs, and educational challenges
related to teaching about insects and their conservation among primary school teachers and biology
educators.

STUDY III: Quantitative study — Development of an interdisciplinary educational program
dedicated to insect conservation, intended for primary school students.

STUDY IV: Quantitative study — Cognitive and social mechanisms associated with insect
conservation: an integrated approach based on the Theory of Planned Behavior and the Value-
Belief-Norm Theory.

STUDY V: Qualitative study — Development of educational recommendations for promoting
responsible behavior toward insects within the context of environmental education.



CHAPTER II: RESEARCH METHODOLOGY

2.1. STUDY I: Systematic Review of the Literature on Educational Programs Aimed at
Raising Children's Awareness of the Importance of Insects

The purpose of this study is to analyze, based on specialized literature, the ways in which
environmental education related to insect conservation is implemented in pre-university education.
The study focuses on identifying and evaluating the effectiveness of educational programs
specifically centered on insect conservation. By examining the impact of these initiatives and the
methods used to assess their effectiveness, this research aims to highlight the key features of
successful programs, thus providing a scientific basis for the development of more effective future
initiatives in environmental education.

The research questions addressed in this study were as follows:

1. What are the objectives of environmental education programs (EEPs) focused on insect
conservation?

2. What is the optimal duration of an EEP to support the development of environmentally
responsible behavior, changes in attitudes toward insects, and improved knowledge about
insects and their decline?

3. Who are the beneficiaries of these programs, and who implements them?

4. What variables are used to assess the impact of the programs on participants, and which
assessment tools are most frequently used?

5. What insect groups are targeted, and what specific activities are included within the
programs?

6. What pedagogical methods are most commonly used in environmental education
interventions?

7. What effects have been reported as a result of implementing these programs?

2.1.1. Methodology

To address the research questions, a review of relevant literature in the field of environmental
education was conducted using the scoping review methodology. This was based on the five-stage
framework proposed by Arksey and O’Malley (2005): (1) identifying the research questions, (2)
identifying relevant studies, (3) selecting the studies, (4) charting the data, and (5) collating,
summarizing, and reporting the results.

To reflect the diversity of approaches to insect-focused environmental education, studies from both
the field of education and entomological research were analyzed. Two sets of keywords were used,
selected based on a preliminary analysis: “insects” AND “environmental education” AND
“educational programs” (for the education domain), and “entomology” AND “outreach” AND
“environmental education” (for the entomology domain).



The review included peer-reviewed articles published in English between 2000 and 2022 that
addressed the impact of educational programs on raising awareness of insect conservation among
pre-university students. Relevant studies were identified through Google Scholar, and the selection
process was conducted wusing a PRISMA flow diagram (http:/www.prisma-
statement.org/PRISMA Statement/FlowDiagram).

2.1.2. Results and Discussion

Following the selection process, only nine studies met the inclusion criteria between 2000 and
2022. These articles were published between 2016 and 2022, indicating a relatively recent interest
in integrating insect conservation into educational programs. The main findings are presented
below, organized according to the research questions.

What are the objectives of environmental education programs focused on insect conservation?

Of the nine studies analyzed, three aimed to improve students’ attitudes toward insects by
increasing knowledge and providing direct experience (Christ et al., 2022; Fisher-Maltese, 2016;
Cho & Lee, 2018), while two focused on developing environmentally responsible behavior toward
insects using similar methods (Schonfelder & Bogner, 2018; Sieg & Dreesmann, 2021). Four
studies aimed to stimulate interest in entomology (Weeks & Osero, 2018; Aslli et al., 2022; Healy,
2019; Markee et al., 2021), one of which also explored the effects of project-based learning on
classroom climate and student motivation (Aslli et al., 2022).

A clear distinction emerged between studies conducted by entomologists or biologists—primarily
focused on developing knowledge about insects and their ecological role (Fisher-Maltese, 2016;
Weeks & Osero, 2018; Markee et al., 2021)—and those conducted by education specialists, which
emphasized changing students’ attitudes and behaviors toward insects and the environment
(Schonfelder & Bogner, 2018; Christ et al., 2022; Sieg & Dreesmann, 2021; Cho & Lee, 2018;
Aslli et al., 2022; Healy, 2019).

What pedagogical methods were most commonly used in environmental education programs?

Most of the studies employed hands-on activities to improve attitudes toward insects, stimulate
interest, and promote environmentally responsible behavior (see Table 1). Direct interaction with
live insects was a frequently used method, offering students the opportunity to create memorable
experiences. Some studies also used project-based learning strategies (Aslli et al., 2022) or game-
based pedagogies, such as escape room—style activities (Healy, 2019).

For primary and middle school students, hands-on activities were the most effective, as they
support exploratory learning through play. In contrast, for older students, more complex teaching
methods are needed, incorporating cognitive challenges that stimulate critical thinking and
problem-solving.
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What insect groups were used in the educational programs, and what specific activities were
implemented?

Bees and bumblebees were the most frequently used insects in the reviewed educational programs,
primarily due to their role as pollinators (Schonfelder & Bogner, 2018; Fisher-Maltese, 2016;
Christ et al., 2022; Sieg & Dreesmann, 2021; Cho & Lee, 2018; Weeks & Osero, 2018; Aslli et al.,
2022). Some studies also included butterflies, appreciated for their aesthetic value (Fisher-Maltese,
2016; Weeks & Osero, 2018; Markee et al., 2021). The popularity of bees, driven by cultural
associations and their practical utility, is reflected in both environmental education and in art and
literature (Kritsky, 1991; Crane, 1999). However, this focus may lead to the neglect of other
pollinators that are equally essential for maintaining ecological balance.

The educational programs predominantly included experiential and interactive activities,
combining theoretical instruction with direct observation, insect handling, and simple experiments.
Some initiatives integrated project-based learning, encouraging cooperation, independent
research, and critical thinking. For example, Aslli et al. (2022) implemented a project-based
strategy that supported the development of transversal competencies and environmentally
responsible thinking.

What variables were used to evaluate the impact of these programs?

Most studies evaluated attitudes toward insects, pro-environmental intentions, knowledge, and
interest in entomology. Additionally, some research examined intrinsic motivation, classroom
climate, and learning perspectives. Assessment tools included Likert-scale questionnaires,
semantic differential scales, semi-structured interviews, and direct observations.

What effects were observed following the implementation of the programs?

All the studies included in this review reported positive effects as a result of implementing the
environmental education programs. Specifically, research that evaluated interest in insects showed
significant short- and long-term improvements, and overall attitudes toward insects shifted in a
positive direction.

With regard to environmentally responsible behavior toward insects and nature, the results were
mixed. Some studies observed no significant changes across evaluation stages (pre-test, post-test,
retention test), while others reported immediate positive effects that diminished over time. These
findings suggest that maintaining positive outcomes requires recurring interventions and
reinforcement strategies.

2.1.3. Conclusions

This study highlights the effectiveness of environmental education programs in improving
students’ attitudes toward insects by increasing knowledge, managing emotions, and providing
direct experiences. Short-term interventions conducted in schools and focused on the emotional
component proved effective in raising interest and shifting attitudes. However, the effects on
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environmentally responsible behavior toward insects and nature were uneven and more difficult to
sustain over the long term.

Hands-on activities and innovative methods, such as project-based learning or educational games,
significantly enhance student engagement—especially when adapted to their age group.
Collaboration between entomologists and educators is essential for developing balanced and
effective programs. However, it is important to note that the analysis was limited by the exclusion
of studies for which full-text access was restricted, which may have led to the omission of relevant
research.

2.2. STUDY II: Quantitative Study — Exploring the Perceptions, Needs, and Educational
Challenges Related to Teaching about Insects and Their Conservation among Primary
School Teachers and Biology Educators

2.2.1. Introduction

The primary aim of this research is to analyze the perceptions (opinions), attitudes, level of
preparedness, and needs of teaching staff (primary school teachers and biology teachers) regarding
the teaching of insects and their conservation in the context of environmental education. The study
seeks to identify both internal and external barriers that influence the integration of this topic into
the educational process, as well as the resources and strategies considered necessary to optimize
teaching practices.

Additionally, the research aims to explore the extent to which personal experiences with insects,
professional training, and teaching status (primary teacher vs. biology teacher) are associated with
teachers’ comfort level, frequency of addressing this topic, and educational goals pursued in
lessons related to insects and their conservation.

Research objectives

1. To assess the level of knowledge and initial training of teachers regarding insects and
their conservation.

2. To investigate attitudes and perceptions toward insects and their perceived impact on
educational activities.

3. To identify internal and external barriers that, from the participants’ perspective, limit
the teaching of insect-related topics.

4. To determine the types of educational resources perceived as useful or necessary in this
process.

5. To analyze differences between teacher groups (primary vs. biology teachers) in terms
of their approach to insect-related topics.
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2.2.2. Materials and Methods
Research instrument

The study adopted a non-experimental quantitative design, with a correlational and predictive
approach. Data were collected through a structured questionnaire specifically developed for this
research, based on a review of the specialized literature. The instrument included 20 items,
organized into five sections:(1) demographic data and professional background; (2) personal
relationship with insects; (3) knowledge and skills related to teaching about insects; (4) educational
resources and needs; (5) educational objectives and pedagogical practices. The questionnaire was
validated by consulting experts in biology, ecology, educational sciences, and psychology to ensure
the relevance and accuracy of the items in exploring attitudinal, cognitive, and behavioral
dimensions.

Sampling procedure

A non-probability convenience sampling method was used, based on voluntary self-selection. The
questionnaire, distributed online via Google Forms between November 2024 and January 2025,
was disseminated through both informal channels (snowball sampling) and with the support of
County School Inspectorates and university staff. Participation was voluntary, and confidentiality
and anonymity were guaranteed through informed consent. Although this method does not allow
for statistical generalization, it is appropriate for the exploratory objectives of the study.

Study participants

The target population included teachers who may cover insect-related topics in their teaching
activities—specifically, biology teachers and primary school teachers. The study was conducted
on a sample of 178 teachers from 13 counties in Romania. The mean age of participants was 39.05
+ 12.68 years.

Data analysis

Statistical data analysis and visualization of distributions were conducted using Python 3.8 (Van
Rossum & Drake, 2009), along with the Pandas (McKinney, 2010), NumPy (Harris et al., 2020),
and SciPy (Virtanen et al., 2020) libraries. Graphs were generated using the Matplotlib library
(Hunter, 2007).
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2.2.3. Results and discussion

The sample consisted of 178 teachers, including 119 biology teachers and 59 primary school
teachers. Demographically, most respondents spent their childhood in rural areas, with a higher
proportion among primary teachers (57.6%) compared to biology teachers (47.1%). In terms of
age distribution, biology teachers were predominantly in the 45-54 age group (49.6%), while
primary teachers showed a more balanced distribution, including a significant proportion of
younger participants under 25 years old (28.8%).

Geographically, the sample covered 13 counties, with a strong concentration in the northwest of
Romania, particularly in Maramures County (60% of the total), followed by Satu Mare. Regarding
academic background, the majority of respondents held degrees in biology and biochemistry
(66.3%), reflecting the proportion of biology teachers in the sample. This was followed by the field
of educational sciences (26.4%), with other areas being marginally represented.

Teachers’ relationship with insects

An analysis of attitudes toward insects revealed significant differences between the two
professional groups. Biology teachers predominantly expressed a positive attitude (60.5%), while
primary teachers more frequently reported neutral attitudes (45.8%) and less often positive ones
(37.3%) (Figure 1). The t-test (t = 2.92, p = 0.004) indicated a statistically significant difference,
suggesting that professional specialization influences perception of insects.

Clear differences also emerged regarding the self-reported level of comfort in the presence of
insects. 58.8% of biology teachers felt very comfortable, compared to 39% of primary school
teachers, indicating greater familiarity with the subject among those with a biology background
(Figure 2).

Attitude analysis via multiple linear regression

The multiple linear regression model showed that attitudes toward insects were significantly
influenced by the frequency of direct interaction (f = 0.15, p = 0.004) and general knowledge level
(B=0.33,p=0.002). Teachers who interacted more frequently with insects and possessed stronger
knowledge tended to express more positive attitudes. In contrast, variables such as occupation,
age, childhood environment, and education level did not show a significant impact (p > 0.1). The
model accounted for 17.9% of the variance in attitudes (R? = 0.179), highlighting the central role
of direct experience and knowledge in shaping positive perceptions of insects.
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Attitude towards insects

Comfort level in interaction with insects

Biology teacher Primary school teacher Primary school teacher Biology teacher

Figure 1. Distribution of attitude scores towards insects Figure 2. Distribution of scores regarding the
for biology teachers and primary school teachers. comfort level in interaction with insects between the
two categories of teachers.

Prediction of teaching behavior

The logistic regression model revealed several factors that significantly influenced the likelihood
of teaching about insects (Figure 3). These included: education level (coef. = 0.93, p = 0.009),
general knowledge about insects (coef. = 1.02, p = 0.031), specific knowledge score (coef. = 1.70,
p = 0.0006), total score of perceived barriers (coef. = 0.12, p = 0.040), and years of teaching
experience (coef. = 0.39, p = 0.011). Variables related to pedagogical knowledge (p = 0.128) and
attitude toward insects (p = 0.876) were not significantly associated with teaching behavior. The
model yielded a Pseudo R* (McFadden) of 0.217, indicating a good fit for behavioral data and was
statistically significant overall (p <0.00001).

In contrast to the findings of Wagler & Wagler (2011, 2012), which indicated a negative
relationship between attitudes toward invertebrates and intention to teach, our results show that a
favorable attitude toward insects does not significantly influence teaching behavior. This suggests
that a positive attitude, while helpful, is not sufficient without a solid theoretical and pedagogical
foundation. In line with Kim and Fortner’s (2006) conclusions, our respondents identified the lack
of both theoretical and pedagogical knowledge as major barriers to teaching topics related to
insects and their conservation.

2.2.4. Conclusions

This study provides an overview of teachers’ perceptions, knowledge, and teaching practices
related to entomological topics in the context of environmental education. The findings emphasize
the central role of professional training, direct experience, and access to educational resources in
supporting the teaching of insect-related content.

15



Regarding the determinants of teaching behavior, cognitive factors, particularly general and
theoretical knowledge, proved to be the strongest predictors for integrating insect-related topics
into teaching activities. Formal education level and teaching experience further reinforce this
profile, suggesting that subject-matter expertise and years in the profession significantly contribute
to teachers’ confidence in addressing complex topics. Unexpectedly, the perception of barriers did
not have an inhibiting effect, but rather showed a positive association with teaching, indicating a
higher level of awareness and engagement among active educators.

On the attitudinal level, the frequency of interaction with insects and the level of general
knowledge emerged as key elements in shaping favorable perceptions. These results support the
idea that familiarity and direct exposure help reduce emotional discomfort and foster a more
balanced relationship with this group of organisms in terms of attitudes.

Overall, the study’s conclusions support the need for systemic interventions that include: the
development of contextualized educational resources, the adaptation of initial and continuing
teacher training programs, and the promotion of a teaching culture that values lesser-known but
essential ecological topics. Insects, through their diversity and crucial ecological roles, can become
a valuable educational tool for cultivating genuine ecological awareness, provided that educators
are adequately supported in this endeavor.

2.3. STUDY III: Qualitative Study — Development of an Interdisciplinary Educational
Program Dedicated to Insect Conservation for Primary School Students

2.3.1. Introduction

The purpose of this study is to design and develop an educational program (including curricular
content and activity structure) in the field of environmental education, targeted at primary school
students, with a specific focus on insect conservation. The proposed initiative aims to integrate
pedagogical strategies for acquiring fundamental knowledge about insects and their ecological
role, promoting behavioral change through practical activities, and fostering positive attitudes
toward these organisms. In doing so, the program contributes to the development of students’
responsibility for biodiversity protection and the maintenance of ecological balance.

2.3.2. Proposed Educational Framework

The field of environmental education already benefits from numerous methodological
recommendations (Biedenweg, 2007; Khademi-Vidra, 2017; Thomas, 2018; Tovar-Galvez, 2021),
intended to ensure coherence and effectiveness in the teaching-learning process. The proposed
framework is based on an extended understanding of education as a practice oriented toward the
development of attitudes, values, skills, motivation, knowledge, and behaviors needed to address
environmental issues (Green & Baek, 2022).
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In order to define the key competencies of the program, a rigorous analysis was conducted on
several specialized environmental education guides (Athman & Monroe, 2001; Bakhtiar, 2016;
Green & Baek, 2022), and the essential components were adapted to the specific context of insect
conservation (see Table 1).

Table 1. Structure of the educational competences targeted within the insect conservation program

Insects’
Conservation Competencies Subcategories Operational Objectives
Competencies
K1.01. Understand the basic anatomy, life cycles, and behaviors of insects.
K1: Insect Biology and Diversity K1.02. Explore the diver_sity of insect species qnd the_ir e(_:ological roles.. _
K1.03. Learn about the importance of insects in pollination, decomposition,
Knowledge ;
and food chains.
K2: Tnsect Habitats K2. Ol. Study the diff(?rent habitats where insects thrive, such as forests,
meadows, and water bodies.
S1.01. Develop skills to recognize and differentiate common insect species.
S1: Insect Identification Sl.O;. _Use field guides, magnifying lenses, and observation techniques to
Skills identify insects. o . ‘ o
S1.03. Learn to classify insects based on their physical characteristics.
S2: Scientific Observation and S2.01. Practice observing insects scientifically and documenting their
Data Collection behavior and interactions.
AT1.01. Cultivate a sense of wonder and appreciation for the beauty and
Attitudes AT1: Appreciation and Respect diversity of insects. _ _ ‘ ) _ _
for Insects AT1.02. Promote ethical behavior towards insects, including responsible
handling and release.
Al. Ol. Engage in activities that promote habitats suitable for insects, such as
Actions Al: Habitat Preservation and creating insect-friendly gardens or building insect shelters.

Enhancement A1.02. Engage in friendly practices that support insect populations, such as
planting gardens that attract pollinators.

Structure of the educational program on insect conservation for primary school students

This program was specifically designed for third- and fourth-grade primary school students, but it
can also be adapted and successfully used during biology or environmental education classes
(optional subject) in fifth and sixth grades. The curriculum does not require any prior knowledge
from students, as it begins with introductory concepts, followed by more specific information and
practical activities. The content provides a clear and accessible introduction to the world of insects
and the challenges of their conservation.

Structured into three thematic modules delivered over the course of three consecutive weeks, the
program aims to develop students’ ecological competencies through experiential learning and
direct involvement in conservation activities. The main goal is to foster a positive attitude toward
insects and stimulate students’ intention to protect them as a foundation for environmentally
responsible behavior. Implementation is recommended during the warmer seasons (spring—
summer) to facilitate direct observation of insects in the nearby natural environment.

Below is an example of an educational module from the proposed program, focusing on identifying
and exploring insect diversity, designed for primary school students.
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Sample Educational Module from the Proposed Program: Module 1 — Identifying Insects and Their
Diversity

Module 1 is dedicated to introducing primary school students to insects, focusing on the
recognition of basic characteristics, classification of main insect groups, and understanding their
role in nature. The activities are designed to convey fundamental concepts in an accessible way,
without requiring any prior knowledge. Throughout the module, students complete the "Little
Entomologist’s Journal" (Figure 3), a reflection and learning tool that encourages observation and
the formulation of their own questions.

B ziua de observatie 1
Data:

Locul observatiei:

Q Ce insecte am observat astazi?

Insecta Locul undea | Comportament [ Grupia Denumire Denumire
observati fost vazuti observat populari stiintifica

Q Intrebiri si curiozitayi de astazi:

@ Cum m-am simtit in timpul observatiilor?

@ Entuziasmat(d) @& Neutru @) Nesigur(i) / Nelinistit(3)

Figure 3. Structure of a worksheet from The Little Entomologist'’s Journal

The first lesson introduces students to basic concepts about insects and their classification, using
visual materials, identification guides, and, where possible, physical insect collections. The teacher
may collaborate with entomologists or specialized organizations to enrich the content and provide
scientific support.

The second lesson involves an outdoor activity, during which students observe insects in their
natural habitat and record behaviors, morphological traits, and contextual information in their
journal. These observations may be complemented by the temporary collection of specimens, in
full respect of biodiversity conservation principles.

The third lesson is dedicated to the insect life cycle and includes a hands-on activity in which
students create an interactive visual aid (the “life cycle wheel”) (Figure 4). Students build a visual
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model that allows for the step-by-step exploration of insect development, reinforcing the concepts
of complete and incomplete metamorphosis. This activity supports active learning, logical
thinking, and the transfer of knowledge to applied contexts.

Figure 4. Interactive teaching model for representing the butterfly’s life cycle

By combining theoretical, experiential, and creative components, the module contributes to the
development of positive attitudes toward insects and nature, as well as to the formation of essential
competencies for early ecological literacy.

2.3.3. Conclusions

The proposed educational framework offers an integrated approach to environmental education,
with insect conservation as its central theme. Adapted to the primary education level, the program
combines theoretical and practical components designed to stimulate curiosity, develop scientific
competencies, and promote positive ecological attitudes.

By combining knowledge about insect biology with direct observation and personal reflection
activities, students gain a deeper understanding of the role insects play in ecosystems and the
importance of protecting them. The adoption of this framework by educators can serve as a
valuable tool for fostering a harmonious relationship between students and nature, encouraging
active engagement in biodiversity conservation from the early years of schooling.
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2.4. STUDY IV: Quantitative Study — Cognitive and social mechanisms associated with insect
conservation: an integrated approach based on The Theory of Planned Behavior and The
Value-Belief-Norm Theory

2.4.1. Introduction

The main objective of this study is to identify and analyze the predictors of responsible behavior
toward insects among a sample of participants from Romania. To achieve this goal, the research
aims to investigate both individual and contextual factors that influence ecological behaviors, as
well as the psychosocial mechanisms involved in adopting responsible behavior toward insects.

Study Objectives

1. To analyze attitudes toward insects based on individual and contextual factors.

To investigate the level of knowledge about insects and identify the factors that influence
1t.

3. To analyze perceived barriers to adopting responsible behavior, based on demographic
variables.

4. To analyze the role of behavioral intention as a mediating variable between attitudes,
subjective norms, perceived behavioral control, moral norms, and responsible behavior
toward insects.

5. To explore the cognitive and attitudinal mechanisms (ecological beliefs, awareness of
consequences, and personal responsibility attribution) through which biospheric values
influence the formation of moral norms related to insect protection.

Study Hypotheses

In line with established theoretical models from environmental behavioral psychology, particularly
the Theory of Planned Behavior (Ajzen, 1991) and the Value-Belief-Norm Theory (Stern et al.,
1999), and drawing from relevant empirical studies in the literature (Gkargkavouzi, Halkos &
Matsiori, 2019; Knapp et al., 2021), the following research hypotheses were formulated to explore
the relationships among knowledge about insects, attitudes, perceived barriers, and pro-
conservation behaviors:

Hypothesis 1: Behavioral intention is expected to mediate the relationship between perceived subjective
norms and responsible behavior toward insects.

Hypothesis 2: Behavioral intention is expected to mediate the relationship between perceived behavioral
control and responsible behavior toward insects.

Hypothesis 3: Behavioral intention is expected to mediate the relationship between internalized moral
norms and responsible behavior toward insects.

Hypothesis 4: Behavioral intention is expected to mediate the relationship between attitudes toward insects
and responsible conservation behavior.

Hypothesis 5: Biospheric values are expected to influence moral norms regarding insect protection through
ecological beliefs, awareness of the negative consequences of human actions, and the attribution of personal
responsibility.
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2.4.2. Materials and methods
Research instrument

The study employed a non-experimental quantitative design, using a correlational and predictive
approach. Data collection was carried out using a structured questionnaire, adapted from
instruments used in two relevant studies:

e Gkargkavouzi, Halkos, and Matsiori (2019) — who operationalized the constructs of the
Theory of Planned Behavior (TPB) and Value-Belief-Norm (VBN) Theory to explain pro-
environmental behavior in a specific sociocultural context (Greece);

e Knapp et al. (2021) — who developed a TPB-derived instrument focused on pollinator
conservation in the United Kingdom.

Sampling procedure

A non-probability convenience sampling method was used, based on voluntary self-selection. The
questionnaire was distributed online via Google Forms between November 2024 and January
2025, using informal channels (i.e., snowball sampling). Participation was voluntary, with
confidentiality and anonymity guaranteed through informed consent. While this method does not
allow for statistical generalization, it is appropriate for the exploratory aims of the study.

Study participants

The study sample consisted of 346 respondents. The majority identified as female (n = 250;
71.4%), followed by male participants (n = 89; 25.4%). A small number of respondents (n = 7;
2.0%) identified as another gender or preferred not to disclose their gender identity.

Data analysis

Statistical analysis and visualization of distributions were conducted using Python 3.8 (Van
Rossum & Drake, 2009) in conjunction with the Pandas (McKinney, 2010), NumPy (Harris et al.,
2020), and SciPy (Virtanen et al., 2020) libraries. Graphs were generated using the Matplotlib
library (Hunter, 2007). To investigate the psychosocial mechanisms underlying responsible
behavior toward insects, mediation analyses were conducted using PROCESS macro v5.0
developed by Hayes (2024) in SPSS v29.

The following paragraphs present and summarize the essential results of the study, which focus on
attitudes, knowledge levels, and the key predictors of responsible behavior toward insects among
respondents. Additional findings are available in the extended version of the thesis.
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2.4.3. Results and Discussion
Attitudes toward insects

The Pearson correlation coefficient analysis revealed a moderate positive relationship between the
total insect knowledge score and the mean attitude score toward insects, r(344) = 0.48, p <.001.
This association suggests that a higher level of general knowledge about insects is correlated with
more favorable attitudes toward their protection (Figure 5).
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Figure 5. The relationship between the level of knowledge about insects and attitudes towards

their protection

Assessment of insect-related knowledge

A detailed analysis of the distribution of correct and incorrect responses for each item (Figure 6)
revealed significant differences in participants' levels of knowledge. The highest number of correct
answers was recorded for items related to the ecological role of insects and the threats facing
pollinator species, such as bees. In contrast, questions targeting common misconceptions—such
as the belief that there are only two species of bees or that beekeeping alone can reverse the insect
decline—generated a high number of incorrect responses, suggesting the persistence of myths in
participants’ perceptions.

Additionally, items that assessed knowledge about insect-friendly individual behaviors (e.g., the
belief that giving sugar water to bees can help stop their decline) resulted in a high level of
uncertainty among respondents. This finding highlights the need for information campaigns and
public awareness initiatives that deliver clear, accurate, and accessible messages. The literature on
biodiversity conservation documents the knowledge—action gap (Kollmuss & Agyeman, 2002,
cited in Knapp et al., 2021), defined as the discrepancy between environmental knowledge and
actual behavior. This gap is also reflected in the current study, where—despite a generally
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satisfactory level of knowledge about insects—understanding of concrete conservation actions
remains limited.

Insectele sunt o parte esentiala a naturii.
Exista doar doud specii de albine.

Mustele si gandacii pot fi polenizatori.

Toatd méncarea depinde de polenizare de animale.
0 parte din polenizatori sunt fn declin

Albinele sunt amenintate cu disparitia.

Item

Plantarea plantelor salbatice ajuta insectele.

Apicultura ajuté la Inversarea declinului insectelor.

Tunsul mai rar al gazonului ajuta insectele.

Apa cu zahar pentru albine obosite ajuta declinul.

Tip raspuns
Corect
Gresit

50 100 150 200 250 300
Numar de raspunsuri

Reducerea pesticidelor ajuts Insectele.

Figure 6. Distribution of correct and incorrect responses for each item in the knowledge scale

Simple and serial multiple mediation relationships between psychosocial predictors and
responsible behavior toward insects

The mediation analysis revealed that behavioral intention plays a central role in explaining
responsible behavior toward insects. The tested simple mediation models showed that variables
such as subjective norms, perceived behavioral control, moral norms, and attitudes toward insects
significantly influenced the reported behavior—both directly and indirectly through intention. In
all cases, behavioral intention demonstrated a strong predictive effect, confirming the theoretical
assumption that intention is a major determinant of ecological behavior (Fishbein & Ajzen, 2010).

Moreover, the serial multiple mediation model demonstrated that biospheric values influence
moral norms through a cognitive and attitudinal chain mediated by ecological beliefs, awareness
of consequences, and attribution of personal responsibility. This structure of relationships supports
the validity of combining the TPB and VBN models, offering a comprehensive perspective on the
psychosocial mechanisms involved in the formation of pro-conservation behaviors. The results
highlight the importance of integrating cognitive, value-based, and normative components in
promoting informed ecological action.

2.4.4. Conclusions

This study investigated the relationships among knowledge about insects, attitudes toward them,
perceived barriers, and pro-conservation behaviors, within an integrated theoretical framework
based on the Theory of Planned Behavior (TPB) and the Value-Belief-Norm (VBN) Theory. To
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our knowledge, this is the first empirical study conducted in Romania to examine the human—
insect relationship through these internationally validated theoretical models, applied to a general
population sample.

The results clearly support the central hypothesis that higher levels of knowledge are positively
associated with more favorable attitudes toward insects, a finding consistent with previous
literature (Schlegel et al., 2015; Knapp et al., 2021). Furthermore, the multiple regression analysis
confirmed that, beyond knowledge, factors such as age, gender, naturalist identity, and emotional
connection to nature significantly contribute to predicting attitudes toward insects.

Although respondents demonstrated a moderate level of general knowledge, their knowledge of
specific insect-friendly behaviors was considerably lower. This discrepancy points to the existence
of a knowledge—action gap (Kollmuss & Agyeman, 2002), where the intention to act ecologically
does not automatically translate into actual behavior, particularly in the absence of clear and
accessible information.

The tested mediation models confirmed the validity of integrating TPB and VBN theories in
explaining pro-conservation behavior. Behavioral intention mediated the relationship between
attitudes, norms, perceived control, and behavior, supporting the conclusions formulated by
Fishbein & Ajzen (2010) and expanded upon by researchers such as Stern (2000) and Steg et al.
(2014). Additionally, the serial mediation model highlighted a coherent path of influence from
biospheric values to moral norms, mediated by ecological beliefs and awareness of an important
contribution to the literature on ecological behavior.

Overall, the study’s findings suggest that improving attitudes and responsible behaviors regarding
insects requires integrated educational approaches focused not only on knowledge transmission,
but also on fostering ecological identity and reducing perceived barriers.

2.5. STUDY V: Qualitative Study — Development of educational recommendations for
promoting responsible behavior toward insects in the context of environmental education

2.5.1. Introduction

This study proposes the development of a set of educational recommendations aimed at
strengthening environmental education and supporting the development of responsible behavior
toward insects. These recommendations are grounded in the empirical findings obtained
throughout the doctoral research and are further enriched by the author’s professional experience
and national and international collaborations. In addition, observations made during the author’s
research internship at the ValaSsko Museum in Vsetin (Czech Republic) provided relevant
examples of best practices regarding community involvement in biodiversity conservation.
Furthermore, the author’s professional activity as an ecological biologist and interactions with the
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general public during volunteering at the Zoological Museum revealed significant gaps in public
awareness regarding insect protection.

These insights, together with expertise exchanged with specialists in biology, education, and
conservation, have served as the basis for formulating relevant and applicable proposals that can
be adapted to a variety of educational and socio-cultural contexts.

The following paragraphs summarize a selection of the recommendations developed as part of this
thesis. The full set of proposals can be consulted in the extended version of the dissertation.

Practices supporting insect conservation beyond regulatory frameworks: individual and
community-based interventions

Creating insect-friendly green spaces

One of the causes of insect decline is habitat fragmentation. Green spaces, both public and private,
are often regarded as "biodiversity deserts". Regularly mown lawns provide inadequate habitats
for most insects. To address this issue, it is recommended to create more insect-friendly green
areas. Transforming traditional lawns into insect habitats involves following specific principles, as
outlined in the literature (The Xerces Society, 2011; Majewska & Altizer, 2020; Goulson, 2021;
Kawabhara et al., 2021).

Private gardens

Private gardens can be transformed into refuges for insects. To attract and support insect
populations, it is essential to plant native species. Alongside ornamental plants like roses, tulips,
and peonies, species such as lavender, thyme, mint, and flowering shrubs can be added (Goulson,
2021). To ensure the use of native species, one simple approach is to identify the nearest natural
meadow, collect some seeds when mature, and disperse them in your garden. It is not necessary to
transform the entire garden; creating a small patch for insects is often sufficient.

In addition to plant selection, maintenance practices are crucial for the conservation of insects and
other animal species. Avoiding pesticides is essential to protect insect populations. In many regions
of Canada, thanks to the efforts of dermatologist June Irwin (Pinker, 2001), over 90 types of
pesticides have been banned from personal or public use. In Romania, however, there is currently
no legal framework restricting pesticide use, leaving the responsibility to individual discretion. In
this context, education plays a key role in raising awareness of the consequences of pesticide use
for both insects and human health.

Other Strategies for Insect Protection

Beyond eco-friendly gardening and insect-conscious urban design, the literature proposes a series
of complementary actions with a positive impact on insect conservation (Majewska & Altizer,
2020; Goulson, 2021; Kawahara et al., 2021), including:
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e Purchasing eco-certified products made through sustainable practices with minimal
ecological impact.

e Responsible consumption, which involves reducing waste, choosing local, reusable or
recyclable products, and avoiding single use items.

e Reducing light pollution, which affects nocturnal insects, by limiting artificial lighting and
using environmentally adapted light sources.

Furthermore, active involvement in promoting the importance of insects within one’s immediate
circle can have a powerful multiplier effect. As Goulson (2021) emphasizes, social mobilization
can begin with simple conversations with family and friends, sparking a wider dissemination of
ecological values within the community. Through daily actions and collective awareness, a
favorable environment for insect protection and biodiversity conservation can be built.

CHAPTER III: DISCUSSION AND CONCLUSIONS
3.1. Introductory considerations

The overarching aim of this doctoral research was to develop a coherent and applicable educational
framework for insect conservation, primarily designed for primary education, but adaptable for
lower secondary levels as well. The research stemmed from the urgent need to integrate this topic
into formal environmental education, against the backdrop of growing global concern about
biodiversity loss and the critical role of insects in maintaining ecosystem balance.

The first objective of the research was to analyze educational programs dedicated to insect
conservation implemented both nationally and internationally in pre-university education. The
analysis focused on the pedagogical strategies employed, the proposed content, the educational
goals, and the assessment methods used in these initiatives.

The second objective was to identify the needs and challenges faced by Romanian pre-university
teachers in teaching about insects and their conservation. Simultaneously, the study sought to
assess teachers’ knowledge levels and attitudes toward this subject. In the Romanian context,
interest in environmental education has grown since the country joined the European Union in
2007, prompting critical reflection on the current tools available within the educational system to
support this type of learning. Key questions arise: To what extent does the Romanian educational
system have the material and human resources necessary for the effective integration of
environmental education focused on insect conservation? Are teachers sufficiently trained to
address complex topics related to biodiversity?

Building on these two lines of inquiry, the third objective was to design a curriculum dedicated to
insect conservation, suitable for primary education but with the potential for adaptation to grades
five and six. One essential question in the context of formal environmental education is: When is
the optimal time to introduce a complex topic? Drawing on the learning theories discussed in this
thesis, one can argue that while students’ cognitive level is an important consideration, it should
not be a limiting factor. With appropriate methods and age-adapted content, any topic, no matter
how complex, can be introduced from early primary grades. In the case of insect-related topics,
the focus of environmental education is on initiating and cultivating responsible behavior, with
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attitudes playing a key role in this process. Given that attitudes are still forming during primary
school, early intervention can significantly increase the likelihood of developing positive and
lasting environmental behaviors.

The fourth objective involved the identification, adaptation, and validation of an assessment tool
for responsible behavior toward insects. This tool was intended to allow the analysis of attitudes,
knowledge, and psychosocial mechanisms involved in shaping such behavior. Based on
internationally validated models of general ecological behavior and human—pollinator
relationships, the instrument developed in this study was adapted to the Romanian educational
context.

Finally, based on the data gathered throughout the research, the fifth objective focused on
developing a set of concrete educational recommendations aimed at promoting responsible
environmental behavior and insect conservation. These recommendations were tailored to the
specific characteristics of the Romanian educational system and emphasize an integrated,
collaborative, and practical approach to environmental education.

3.2. Theoretical Contributions

This research makes a significant contribution to the development of the theoretical framework for
insect-centered environmental education by integrating psychological, educational, and social
perspectives into a coherent model for understanding responsible ecological behavior. By applying
well-established behavioral theories, such as the Theory of Planned Behavior (TPB) and the Value-
Belief-Norm (VBN) Theory, in the Romanian context, this work contributes to the validation and
contextual adaptation of these models to Romania’s specific socio-cultural and educational
landscape.

A key contribution of the research lies in clarifying the complex relationships between cognitive,
attitudinal, and contextual dimensions involved in shaping ecological behavior toward insects. The
studies conducted have shown that a higher level of knowledge about insects is positively
associated with the development of favorable attitudes and increased intentions to adopt pro-
conservation behaviors. While these findings are consistent with international literature, their local
contextualization in the Romanian educational and social environment provides a strong empirical
foundation for adapting educational interventions accordingly.

A distinctive feature of this thesis is the comparative analysis of perceived barriers to insect
conservation among teachers and the public. Among teachers, the main barriers, such as lack of
specialized knowledge, insufficient adapted resources, and time constraints, act as obstacles to
teaching, but can also be seen as indicators of active engagement and heightened awareness of the
need for educational interventions. In contrast, for the public, these same barriers tend to have a
predominantly inhibiting effect, particularly among youth, individuals with lower incomes, and
those with lower levels of education. This comparison significantly enhances the understanding of
the "knowledge—action gap", offering valuable insights for targeted interventions.

Moreover, the research emphasizes the urgent need to develop educational resources tailored to
the Romanian context. At present, the Romanian educational environment faces a major challenge
in the absence of materials adapted to national specificities, local biodiversity, and cultural
realities. Most materials available in Romanian are either translations of international guides or
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academic works that are largely inaccessible to the general public, limiting the relevance and
impact of environmental education in schools. This research underscores the importance of
incorporating native biodiversity and the particularities of Romania’s five biogeographical regions
(Continental, Alpine, Pannonian, Pontic, and Steppe) in the development of relevant and effective
educational materials. The introduction of such resources, such as adapted textbooks, interactive
worksheets, and digital platforms, is vital for increasing student engagement and interest in
environmental conservation issues.

In this context, an important theoretical contribution is the proposal of an integrated educational
framework, tailored to primary education, which combines theoretical content, hands-on activities,
and personal reflection. This model supports the development of ecological awareness from an
early age and provides a practical foundation for future educational interventions.

This thesis may be regarded as a preliminary step toward the design of adapted educational
programs to support teachers interested in integrating entomological topics into their instruction.
It may also serve as a starting point for public awareness initiatives, by proposing locally grounded,
easily implementable actions within a variety of educational contexts.

3.3. Methodological contributions

This research brings significant methodological contributions to the field of environmental
education through the diversity and coherence of the scientific approaches integrated into the five
studies. Each study was built on a solid theoretical foundation, provided by the literature review
conducted using the scoping review method in Study 1, and was designed to address specific needs
related to investigation, intervention, and educational recommendations in the context of insect
conservation education in Romania.

Study 2 stands out through the development and validation of an original instrument, a structured
questionnaire with five dimensions, designed to explore teachers’ perceptions, needs, and
perceived barriers regarding insect-related teaching. The comparison between two distinct
professional groups (primary school teachers and biology teachers) provides a differentiated and
replicable perspective on didactic practices and ecological education training.

Study 3 provides an applied methodological contribution through the design of an integrated
educational framework for the primary level, structured around four core dimensions of ecological
literacy: knowledge, skills, attitudes, and actions. The program includes experiential activities and
original materials, such as the Little Entomologist’s Journal, which serves as a pedagogical tool
for scientific documentation and personal reflection. The modular structure, seasonal
implementation, and grounding in direct observational learning contribute to a replicable model
with potential for adaptation to other educational areas.

Study 4 offers valuable methodological input through the integration of two internationally
validated behavioral theories, the Theory of Planned Behavior (TPB) and the Value-Belief-Norm
(VBN) Theory, within a unified analytical framework. The adaptation of international
questionnaires to the Romanian cultural context, the expert validation, and the use of advanced
analysis methods (mediation and serial mediation) allow for a comprehensive understanding of the
psychosocial mechanisms driving pro-conservation behavior.

28



Study 5 contributes methodologically by reinforcing a research, action approach, in which
empirical findings are complemented by professional practice observations, international case
studies, and interdisciplinary expertise. The formulation of educational and community-based
recommendations is grounded not only in quantitative data but also in experiences derived from
direct collaboration with institutions, NGOs, and communities involved in insect conservation.

Taken together, the research proposes an integrated and adaptable methodological model that
combines validated quantitative instruments, applicative educational planning, and mechanisms
for translating scientific findings into practical solutions. This inter-, multi-, and transdisciplinary
approach strengthens the foundations for relevant ecological research, with replication potential
and scalability to other educational and cultural contexts.

3.4. Empirical and practical contributions of the research

At the empirical level, this research provides a detailed mapping of teachers’ perceptions and
perceived barriers in teaching insect-related topics, offering clear evidence of the influence of
knowledge, experience, and professional status on educational behavior (Study 2). Additionally,
through the testing and validation of an educational program for primary school students, the thesis
offers a concrete example of a structured pedagogical intervention, focused on the development of
ecological literacy and the cultivation of responsible behaviors toward insects (Study 3).

Study 4 broadens the scope of contributions by applying an integrated framework based on the
Theory of Planned Behavior (TPB) and the Value-Belief-Norm (VBN) Theory, providing a
rigorous explanatory model of pro-conservation behavior in the general population. This
represents the first time in Romanian academic literature that the relationship between biospheric
values, attitudes, intention, and behavior toward insects has been systematically analyzed. The
results offer a solid foundation for educational and public communication interventions tailored to
perceived barriers and the cognitive and emotional profiles of individuals.

On a practical level, the research stands out for the development of a coherent set of educational
and community-based recommendations (Study 5), grounded in both empirical evidence and the
author’s professional experience, as well as examples of international best practices. These
recommendations propose feasible and adaptable actions, ranging from creating insect-friendly
green spaces in schoolyards and private gardens to strategies for reducing light pollution and
engaging local communities in the conservation of umbrella species.

Notably, the research contributes to bridging the gap between intention and action in insect
protection by offering concrete educational and community-level solutions, applicable in both
formal and non-formal contexts. By promoting active citizen involvement, from students and
teachers to urban and rural residents, this work puts forward an integrated vision of environmental
education, where behavioral change is supported by knowledge, direct experience, and community
support.

In summary, the practical and empirical contributions of this research not only directly support the
development of an authentic ecological consciousness but also provide concrete tools for
transforming environmental education into a practical, sustainable, and locally adapted endeavor.
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3.5. Limitations of the Studies

Although this doctoral research brings a relevant contribution to the understanding of
environmental education focused on insect conservation and proposes applicable solutions in
educational and community contexts, it is important to acknowledge certain methodological and
conceptual limitations that may influence the interpretation and generalization of the results.

Regarding Study 1, which involved a scoping review analysis, the rigorous selection process led
to the inclusion of a small number of studies (9 in the field of education and 11 in entomology) out
of an initial total of over 9,500 identified results. It is possible that some relevant educational
programs were omitted following the application of inclusion criteria, which limits the
exhaustiveness of the theoretical synthesis carried out.

Study 2, conducted on a sample of 178 teachers, mostly from the counties of Maramures and Satu
Mare, provides a regionally contextualized perspective, but does not represent the national
situation. In order to substantiate an educational program with wide applicability in Romania, it
would be necessary to extend the research to various regions, with different socio-educational
contexts.

Study 4, although it generated valuable results regarding the relationships between knowledge,
attitudes, perceived barriers, and pro-conservation behaviors, is limited by its cross-sectional
design, which only allows for the identification of associations and does not allow firm causal
inferences.

The representativeness of the general sample (N = 346) is also limited for certain socio-
demographic categories, such as elderly people, residents of isolated rural areas, or those with low
educational level, who were underrepresented. Consequently, extending the conclusions to the
entire Romanian population should be done with caution.

Overall, these limitations do not diminish the value of the results obtained but provide a necessary
critical framework for nuanced interpretation of the conclusions and for outlining future research
directions that can consolidate and validate the proposed model.

3.6. Future Research Directions

Starting from the methodological and contextual limitations of the present research, several
relevant directions are outlined for the extension and deepening of studies on environmental
education and insect conservation:

1. Integration of qualitative methods: To complement the predominantly quantitative dimension of
this thesis, future research could include semi-structured interviews, focus groups, or visual
methods (e.g., the Photovoice method) that allow for an in-depth exploration of the perceptions,
emotions, and motivations of educational actors in relation to insects.

2. Geographic expansion and sample diversification: To ensure better national representativeness,
future studies should include participants from all regions of Romania, with a focus on isolated
rural areas, vulnerable socio-economic groups, or those with low levels of education. This
extension is essential for validating and adapting educational resources to the diverse realities of
the Romanian system.
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3. Application of experimental and longitudinal designs: Considering the limitations of the cross-
sectional designs used, future research could test the impact of the proposed educational
interventions through experimental studies (e.g., with control group and pre-/post-test) or
longitudinal research that would follow over time the evolution of attitudes and pro-conservation
behaviors toward insects.

4. Validation of the educational program in real learning contexts: The curricular program intended
for primary education proposed in Study 3 needs empirical validation through pilot
implementation in schools. The evaluation of its impact on competencies, attitudes, and student
behaviors would offer additional evidence regarding the efficiency of the proposed model.

5. Testing of complex theoretical models (e.g., SEM): For a deeper understanding of the
relationships between the TPB and VBN constructs, future research could use structural equation
models (SEM), applied to large samples (N > 1000), which would allow simultaneous testing of
direct, indirect, and mediated relationships between variables.

3.7. Final Conclusions

This research offers a complex and interdisciplinary contribution in the field of environmental
education, by focusing on insect conservation—a topic essential for ecosystem balance yet often
marginalized in Romanian educational and ecological discourse. Through the five integrated
studies, the thesis combines theoretical approaches, empirical investigations, and practical
proposals, building a rigorous foundation for understanding and educational intervention related
to this topic.

The results highlight a series of systemic and attitudinal challenges: the underrepresentation of
insects in the curriculum, the lack of adapted resources, the low level of ecological literacy, as well
as the perceived barriers by both teachers and the general public in adopting pro-conservation
behaviors. At the same time, the research identifies key transformative factors, such as direct
experience, knowledge level, community support, and involvement in practical activities with
ecological relevance.

On a methodological level, the thesis contributes through the development and validation of
instruments adapted to the Romanian context, through the integrated application of the TPB and
VBN theories in explaining responsible behavior toward insects, and through the design of a
replicable educational framework focused on four essential dimensions: knowledge, skills,
attitudes, and actions.

From a practical perspective, the thesis offers concrete, scientifically documented solutions for
teachers, educational institutions, NGOs, and authorities, by proposing structured educational
activities, community recommendations, initiatives for creating insect-friendly green spaces, and
civic engagement strategies. These proposals are anchored both in the realities identified through
research and in the best international practices, observed and adapted to the local context.

Thus, this thesis stands not only as a scientific endeavor but also as an educational and civic call
to reconfigure the relationship between humans and insects. In a time marked by accelerated
biodiversity loss and global ecological crises, revaluing insects in public and educational
consciousness can become a fundamental act of responsibility. By learning to know, appreciate,
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and protect these organisms, education can contribute to shaping a new generation of empathetic,
informed, and active citizens in support of nature conservation.

In conclusion, this research opens new directions for reflection and action, proposing a sustainable
and contextualized educational model meant to bring humans closer to nature through science,
empathy, and responsibility.
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