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ABSTRACT

The dissertation consists of 130 pages. It is illustrated with 3 figures,
9 tables and 4 appendices. The main text includes a list of abbreviations used,
an introduction, a literature review, objectives and tasks, materials and
methods, results and discussion, conclusion, conclusions, contributions,
conference participation, publications, bibliography and appendices. The
bibliography includes 214 literature sources, 79 of which are in Cyrillic.

The numbering of the figures and tables in the abstract does not
correspond to that in the dissertation.

The dissertation was discussed and referred for defence at a meeting
of the Department of Biology, Faculty of Natural Sciences, Shumen
University ,,Konstantin Preslavski University of Shumen®, held on
05.12.2025. (Minutes No. KD-01-05/05.12.2025), in accordance with Order
No. RD-16-252/28.11.2025 of the Rector of Shumen University.

The public defence will take place on 30 January 2026 at 13:00 in
Room 118, Building 1 of Shumen University ,Konstantin Preslavski
University of Shumen or in an electronic environment via the Google Meet
platform, at an open meeting of the Scientific Jury, selected under the
conditions provided for in the Law on the Development of Academic Staff in
the Republic of Bulgaria.



I. INTRODUCTION

1. Status, relevance and significance of the topic

The right to education is a fundamental human right and a key to
personal and social prosperity. In-depth knowledge and skills in natural
sciences are a criterion for quality education and are crucial to a person's
ability to develop as an individual, to learn throughout life and to participate
fully in society. Competences in natural sciences are related to the description
and explanation of natural phenomena and the characteristics of living nature,
and to understanding the impact of science on all spheres of human life.

Young people need knowledge and skills in natural sciences in order
to understand the media coverage of environmental and health issues,
participate competently in public debates, and express their civic position on
environmental protection and sustainable development.In order to guide and
attract young people to the study of natural sciences, schools need to seek
answers to the following fundamental questions: what is science, what does it
study, how is science done — what are the methods and means by which new
knowledge is achieved. Raising and discussing these questions helps to build
a scientific picture of the world in the minds of students and ensures that they
understand that natural sciences are an important aspect of human culture and
therefore of great importance for the personal development of every young
person. The teaching of zoology of amphibians and reptiles, which takes
place mainly in the 7th grade in the subject ,,Biology and Health Education®,
is part of this understanding, which leads to an increase in the culture of
adolescents and contributes to their individual personal development.

2. Object and subject of scientific research

The subject of this scientific study is the teaching of zoology of
amphibians and reptiles within the framework of the school subject ,,Man and
Nature* (5th and 6th grade) and the subject ,,Biology and Health Education*
(7th-12th grade) in lower secondary and upper secondary schools in Bulgaria.

The subject of the study is the analysis of the teaching content on the
zoology of amphibians and reptiles in lower and upper secondary education
in Bulgaria, with comments on improving the effectiveness of learning the
teaching material in terms of its potential for forming knowledge, skills and
attitudes in the field of biology and health education.
3. Working hypothesis of the study

In Bulgaria, an incorrect public attitude towards certain groups of
animals from the class Reptiles has been established (Stojanov et al., 2011;
Georgiev & Nachev, 2015; Telenchev et al., 2017; Kuzmanova et al., 2018;
Marinova et al., 2022; Natchev et al., 2025), which probably stems from
inadequate and ineffective zoology education in Bulgarian schools.



4. Research methods

The scientific method can be defined as a means of acquiring certain
data and knowledge in both theory and practice, as well as a tool for
exploring, researching and transforming objective reality.

The methods used in the study are:

»The study of literary sources, the analysis of educational
documentation, as well as theoretical analysis and synthesis are used to
achieve the theoretical objectives of the study and to formulate
generalisations. The application of these methods allows objective trends to
be established, inconsistencies to be identified, and the foundations of
concepts for building hypotheses and models for testing in practice to be
outlined. (Danilov & Boldyrev, 1971). This approach was also used in
selecting the research topic and in analysing and summarising existing
teaching practices.

» Questionnaire — The questionnaire was used as a tool to assess the
knowledge and skills of students in the zoology of amphibians and reptiles at
the lower secondary and upper secondary levels, in order to track the changes
that occurred as a result of the application of the developed teaching
methodology. The survey process is a form of communication widely used in
educational research and includes several key variables: the interviewer (the
person conducting the survey), the respondents (the students who answer the
questions), the information obtained from them, which is used for analysis
and conclusions, and the situation in which the survey is conducted.

» Statistical methods — the use of mathematical approaches to ensure
the reliability of the results obtained.



PURPOSE AND OBJECTIVES OF THE RESEARCH

1. Purpose of the study

The present study aims to assess the level of acquired knowledge in

general zoology among students from 7th to 12th grade in Bulgaria, as well
as to analyze the educational content in zoology of amphibians and reptiles in
the lower secondary and upper secondary stages, with an emphasis on
increasing the effectiveness of learning the educational material.

2. Research tasks
In order to achieve the set goal and to test the formulated hypothesis, the
following research tasks need to be completed:

2.1. Theoretical tasks:
1. To assess the current level of knowledge of general zoology,

including taxonomy, morphology, anatomy and physiology, among
students in grades 8 to 12 in Bulgaria by applying the developed
system of questions.

To examine the attitudes of students formed as a result of the
knowledge acquired about reptiles.

To analyse the reasons for the identified gaps and errors in
knowledge and attitudes, assessing whether they are the result of
insufficient motivation and interest on the part of students or stem
from the structure and organisation of the curriculum and teaching
methods.

To conduct a detailed analysis of the educational content on zoology
of amphibians and reptiles in the textbooks on ,,Biology and Health
Education“ from 7th to 12th grade, which include the compulsory
educational material.

2.2. Practical and applied tasks:

1.

3.

4.

To explore and evaluate the possibilities for integrating freely
available artificial intelligence tools (e.g. Copilot, ChatGPT, Gemini
2.5 Pro, DeepSeek, Perplexity, ChatGPT Researcher or other
chatbots) to support zoological knowledge, critical thinking skills
and independent learning.

Formulate and justify pedagogical conditions for overcoming
identified deficits through the application of interactive methods and
inquiry-based learning that stimulate students' activity and cognitive
interest.

Develop and present a working plan for a field trip or series of field
trips focused on studying the ecology and behaviour of vertebrates.
Determine the optimal aspects and periods for conducting these



excursions, taking into account the biological characteristics of
amphibians, such as habitat, activity, reproduction and the process of
metamorphosis.



I11. MATERIALS AND METHODS

1. Survey on the competence of secondary school students (grades 8-12)
in zoology

A survey was conducted to determine the level of competence of
students in November of the 2024/2025 school year. It included students
from grades 8 to 12, with students from grade 7 not participating as they had
not yet studied the topics from the ,,General Zoology“ section. The survey
was conducted in schools in the cities of Shumen, Razgrad and Smyadovo:
PGCHE ,,Exarch Joseph“ — Razgrad; Nancho Popovich Specialised Natural
Sciences and Mathematics High School — Shumen; High School of
Construction, Architecture and Geodesy — Shumen; Sava Dobroplodni High
School — Shumen; St. St. Cyril and Methodius High School — Smyadovo. A
total of 1,075 students participated in the survey.

The questions were formulated on the basis of the following
paradigms:

In today's society, characterised by dynamic changes and growing
environmental challenges, the ability of humans to understand and protect
nature is essential. From insects to the largest marine mammals, biological
diversity demonstrates significant variations in physiological and
morphological adaptations, reflecting the specific ecological niche of each
group. Despite these differences, all animal classes considered — from
Insecta, Amphibia to Mammalia — play a critical role in ecosystems, while
being vulnerable to human activity. The study covers the following topics:
anatomical features of the vertebral column in mammals, biological and
physiological characteristics of the blue whale, digestive features in ruminant
and non-ruminant ungulates, taxonomic and anatomical diversity in insects,
as well as anatomical, physiological and evolutionary features of amphibians.

The classes were divided according to the intensity of teaching
,,Biology and Health Education* in extended and normal education according
to the educational profile, with all participants being informed in advance and
the questionnaires being anonymous. Their semantic clarity was verified
using six artificial intelligence platforms, with only two questions showing
inaccuracies due to incorrect translation (Marinova, 2025).

After conducting a survey to establish the competence of the
students, we focused on a more specific aspect — attitudes towards certain
groups of animals. For this purpose, an additional study was developed,
targeting students in grades 7, 9, and 11, which examined their attitudes
towards snakes and turtles. The information gathered from the questionnaire
survey was used to structure the questions and determine the appropriate
groups of respondents, while ensuring anonymity and standard conditions for



completing the questionnaires.

2. Study of students' attitudes towards reptiles through a questionnaire
survey

To determine students' attitudes towards certain groups of animals, a
survey was conducted in June-July 2018. A total of 426 questionnaires were
completed, of which 198 examined attitudes towards snakes and 228
examined attitudes towards turtles, in two schools in the city of Shumen:
PPMG ,,Nancho Popovich*“ and SU with a humanitarian profile ,,Yoan
Exarch Bulgarski. The students were informed in advance about the purpose
of the study. The surveys were conducted during a biology class (45
minutes). The two surveys had a similar design, with only some questions
changed to obtain more information from the respondents. Each
questionnaire was divided into two sections — open and closed. All
calculations were performed using Microsoft Excel (Microsoft Corporation,
Microsoft Office Professional Plus, version 19, Redmond, WA, USA).

For a more in-depth interpretation of the survey results, a systematic
analysis of the educational content presented to students in the respective
classes was conducted. This approach allows not only to identify the factors
that can shape or change attitudes towards snakes and turtles, but also to
assess the quality and completeness of the information provided, as well as
any factual and semantic gaps that could influence students' perceptions.

3. Analysis of the educational content regarding information on
amphibians and reptiles in biology and health education textbooks

A detailed analysis of the textbooks used by students was conducted
prior to the surveys in order to predict possible changes in student attitudes.
The analysis covers 32 textbooks from 2018, where the material on
amphibians occupies 37 pages and that on reptiles — 27 pages, with
significant omissions and factual inaccuracies identified. Older textbooks up
to 2014 (four editions) contain 11 pages on amphibians and 13 on reptiles,
with gaps in the images and insufficient detailed information on local species.

In view of the gaps and factual inaccuracies found in the textbooks,
it was necessary to use additional means to assess the semantic clarity and
correctness of the questions in the questionnaires. These observations
highlight the need to improve the learning process by applying more modern
and adaptive teaching methods. Particular attention is paid to innovations in
education that combine classical approaches with digital resources,
interactive techniques and project-based learning in order to increase student
engagement and learning outcomes.



4. Modern methods and innovations in biology and health education
teaching

After conducting informal interviews with biology teachers at
secondary school level, the teaching methods used in schools in the Shumen
area were identified. Along with traditional teaching methods — lectures,
discussions, storytelling, observation, experiments and field trips — as well as
new approaches such as STEM education, project work, role-playing and
modelling, it was found that modern teaching practices are being introduced
into education. In addition, innovative teaching methods in biology and
health education, which combine traditional approaches with new
technologies, were also examined. The learning process is enriched by online
platforms, mobile applications, virtual laboratories and extracurricular
projects, which support student activity and results. To illustrate and support
these trends, a systematic review of 34 scientific publications covering the
period from 2002 to 2024 was conducted. The scientific literature examines
innovations in teaching, the application of technologies in the classroom,
different methods of organising the learning process, and the effectiveness of
new approaches.

Contemporary education increasingly combines traditional methods
with innovative technologies in order to improve knowledge acquisition and
student engagement. In this context, the application of large language models
(LLMs) not only allows for automated assessment of comprehension, but
also demonstrates how technology can enrich the learning process, support
the development of critical thinking, and increase the effectiveness of
teaching.

5. Application of freely available large language models for conceptual
testing in zoology

Large language models were used to conduct the conceptual test via
a web interface, including Copilot, ChatGPT, Gemini 2.5 Pro, DeepSeek,
Perplexity, and ChatGPT Researcher, all in their free versions. The algorithm
of chatbots such as Gemini and ChatGPT involves analysing the question
using a Bulgarian language model, searching the database and, if necessary,
translating it into other languages, after which the relevant information is
analysed, synthesised and returned in Bulgarian or the specified language. A
set of 16 questions was created, grouped into four clusters covering different
groups of animals, and the Al's answers were evaluated for accuracy,
completeness and relevance to authoritative sources. In modern education,
LLM provides knowledge and stimulates critical thinking, but for lasting
learning, it is recommended to combine it with practical outdoor training
using a low-budget algorithm for observing biological processes, which



demonstrates the influence of environmental factors and provides direct
experience for students. Combining digital technologies with field
observations facilitates understanding of the processes and reinforces
knowledge acquisition through direct experience.

6. Low-budget algorithm for field training through amphibian
observation

In order to encourage more active student participation and increase
the effectiveness of long-term knowledge acquisition, we propose a low-
budget but reliable algorithm for observing various biological processes in
nature. It allows students to study the impact of environmental factors on
vertebrates, focusing on the mating behaviour and embryonic development of
the frogs Rana dalmatina and Rana temporaria. The programme is suitable
for students aged 12 to 18 and is based on long-term monitoring of
amphibians in the Shumen Plateau Nature Park from February to October,
including observation of water basins and collection of data on water, air and
soil quality.

Criteria were set for the selection of species for field training,
according to which they must be vertebrates with a simple life cycle, familiar
and non-exotic, with a wide geographical range, found near populated areas,
with  dense populations and easily detectable, morphologically
distinguishable from similar species, with a fixed and observable behavioural
pattern, safe for students and with an effectively planned excursion in terms
of costs, benefits and risks.

This approach provides a practical and accessible method for
outdoor lessons that combines observation of natural biological processes
with scientifically based teaching methods, encouraging active participation
and sustainable learning.



IV. RESULTS

1. Analysis of students’ knowledge of zoology and the need for practical
training

The sample from this study includes 1,075 students from five
different schools located in three towns in north-eastern Bulgaria. The
demographic characteristics are summarised in Table 1. The percentage of
girls to boys is 63.35% to 34.88%, with most respondents aged between 14
and 17, and the 14-16 age group being the most numerous. A similar trend is
observed in the study by Gisoi et al. (2024), conducted in Kenya, where a
higher participation of girls than boys was also reported. In terms of the
distribution of respondents by school, the largest percentage of respondents
were from PGPCHE ,Exarch Joseph* — Razgrad, with 42.42%. Students
from Sava Dobroplodni Secondary School in Shumen accounted for 18.51%,
from PGSA in Shumen for 14.98% and from PPMG Nancho Popovich in
Shumen for 14.51%. The lowest share of participants is from St. Cyril and
Methodius Secondary School in Smyadovo — 9.58%. In terms of the intensity
of biology and health education, 78.33% of students were taught according to
the standard curriculum, and 21.67% according to the extended curriculum.
In terms of distribution by grade, the largest number of students were in 9th
grade — 30.14%, followed by those in 10th grade — 22.88%, and 8th grade —
21.58%. Eleventh-grade students accounted for 13.40%, while the lowest
proportion of respondents were from twelfth grade — 12.00%. In terms of
school location, most participants are from the city of Shumen — 48.09%,
followed by the city of Razgrad with 42.33%, and the fewest are from the
city of Smyadovo with 9.58%.

Table 1. Distribution of respondents by demographic indicators.

Questions Answers Number
13 21
14 240 (22.33%)
15 336 (31.26%)
16 218 (20.28%)
\What is your age? 17 152 (14.14%)
18 105 (9.77%)
19 1 (0.09%)
20 1 (0.09%)
No response 1 (0.09%)
Please indicate your gender?Women 681 (63.35%)




Men 375 (34.88%)

No answer 19 (1.77%)

PGPCHE ,,Exarch Joseph* — 456 (42.42%)

Razgrad

PGSA — Shumen 161 (14.98%)
Which school do you Sava Dobroplodni Secondary 199 (18.51%)
attend? School — Shumen

PPMG Nancho Popovich — 156 (14.51%)

Shumen

St. Cyril and Methodius 0

Secondary School — Smyadovo 103 (9.58%)

Extended biology course 233 (21.67%)
\What class are you in?

Normal biology education 842 (78.33%)

Year 8 232 (21.58%)

Oth grade 324 (30.14%)
Please indicate which grade [10th grade 246 (22.88%)
you are in. 11th grade 144 (13.40%)

12th grade 129 (12.00%)

No answer 0

Shumen 517 (48.09%)
'Which city are you from?  |Razgrad 455 (42.33%)

Smyadovo 103 (9.58%)

1.1. Analysis of the results of the special questions

The results of the special questions are summarised in Table 2. The
distribution of answers to the question ,,How many legs does a fly have?«
showed that 64.65% of respondents gave the correct answer — 6 legs. The
incorrect answer ,.4 legs* was chosen by 31.53%, and 1.21% answered ,,8
legs“. A small proportion (2.51%) chose the option ,,I cannot answer*. To the
next question, ,,Is there a difference between the number of legs on an ant and
a fly?:, 49.67% gave the correct answer — ,no“, while 46.14% gave the
wrong answer and 4.19% chose ,,I can't answer*. Regarding the question
»What is a guinea pig?, the largest share of respondents — 72.65% — gave the
correct answer ,rodent. The incorrect answer ,marsupial was chosen by
13.67%, while 7.53% answered ,,domestic pig“. The option | cannot



answer“ was chosen by 5.49%, and 0.65% did not answer. When asked ,,To
which class of animals does the salamander belong?, 51.26% gave the
correct answer — class Amphibians. A significant proportion (40.56%)
incorrectly identified the salamander as a representative of the class Reptiles.
Other incorrect answers were: Mammal class — 1.95%, Fish class — 1.67%
and Bird class — 0.74%. The option ,,I cannot answer® was selected by
3.44%, while 0.37% did not answer. To the question ,,How does the blue
whale feed its newborns?*, 57.58% gave the correct answer ,,with milk*. The
incorrect answer ,with fish* was given by 21.58%, and 11.44% chose ,,|
cannot answer®. 1.02% did not answer this question. As for the number of
cervical vertebrae in a giraffe, 41.67% gave the correct answer ,,7 vertebrae*.
Incorrectly, 31.26% chose ,,42 vertebrae®, 12.84% thought there were 12, and
2.23% chose ,,8 vertebrae®. The option ,I can't answer“ was chosen by
11.53%, and 0.47% did not answer. The results for the question ,,Do frogs
have lungs? show that 73.40% know that frogs have lungs, while 20.00%
answered ,,no“. The option ,,I cannot answer*“ was selected by 6.05%, and
0.56% did not respond. The incorrect answer ,,yes* prevailed in the question
,,JAre horses ruminants?e, selected by 57.95%. 31.26% answered correctly
with ,,no*, while 10.05% chose ,,I can't answer*. Regarding the need for more
general zoology lessons in school, 60.47% support additional training, while
29.77% are against it. The option ,,I cannot answer« was chosen by 9.49%,
while 0.28% did not give an opinion. Finally, regarding the need for more
practical knowledge of animal biology, 54.05% were in favour, while 34.42%
were against. The option ,,I cannot answer* was selected by 10.70%, while
0.84% did not give an answer.



Table 2. Answers to specific questions.

fly?

| cannot answer

Questions Answers Number and %
4 legs 339 (31.53%)
6 legs * 695 (64.65%)
How many legs does a fly have? 8 legs 13 (1.21%)
I cannot answer 27 (2.51%)
No answer 1
. Y 496 (46.14%
Is there a difference between the © 96 (46 00)
number of legs on an ant and a No 534 (49.67%)

45 (4.19%)

'What is a guinea pig?

/A domestic pig 81 (7.53%)
Rodent* 781 (72.65%)
Marsupial mammal 147 (13.67%)

| cannot answer

59 (5.49%)

No answer 7 (0.65%)
Class Mammalia 21 (1.95%)
Class Fish 18 (1.67%)
Class Reptiles 436 (40.56%)
To which class of animals does  |~1ass Birds 8 (0.74%)
the earthworm belong? —
Class Amphibians* 551 (51.26%)
I cannot answer 37 (3.44%)
No answer 4 (0.37%)
Milk* 619 (57.58%)
Fish 232 (21.58%)
How does the blue whale feed its [Seaweed 90 (8.37%)
newborns?
I cannot answer 123 (11.44%)
No answer 11
Humans have 7 cervical ’ 448 (41.67%)
\vertebrae, but how many cervical 1 138 (12.84%)
\vertebrae does a giraffe have? |g 24 (2.23%)




42 336 (31.26%)
| cannot answer 124 (11.53%)
No answer 5 (0.47%)
Yes 789 (73.40%)
Do f have | ) No 215 (20.00%)
o frogs have lungs®
g g I cannot answer 65 (6.05%)
No response 6 (0.56%)
Yes 623 (57.95%)
/Are horses ruminants? No* 336 (31.26%)
I cannot answer 108 (10.05%)
No response 8
Yes 650 (60.47%)
Do you think that schools should |5 320 (29.77%)
offer more lessons related to 5
general zoology? I cannot answer 102 (9.49%)
No response 3 (0.28%)
Yes 581 (54.05%)
Do you need more practical No 370 (34.42%)
knowledge about animal biology?|l cannot answer 115 (10.70%)
No response 9

* correct answer

In this study, demographic characteristics had little influence on the
choice of answers (Table 3). The strongest correlation was observed between
the answers to the questions: ,,Humans have 7 cervical vertebrae, how many
cervical vertebrae does a giraffe have?“ and ,,Do frogs have lungs?* and the
school where the respondents study. The school that the students attend also
showed a moderate correlation with the answers to the question ,,To which
class of animals does the earthworm belong?“ The age of the respondents had
a weak correlation with the answers to the questions ,,How many legs does a

fly have? and ,,To which class of animals does the earthworm belong?“




Table 3. Correlation between the demographic characteristics of the
respondents and their answers to the questions.

. Sl o
Questions = = g RO
= | © Slal3| =
S| 5| S5|8| 8| 2
< O] n | 0|0 (@)
How many legs does a fly have? 032|012 | 0.2 |0.12]|0.19| 0.20
Is there a difference between the number of
0.22 | 0.08 | 0.24 {0.10(0.21| 0.15
legs onan ant and a fly?
\What is a guinea pig? 0.29 | 0.13 | 0.30|0.06|0.17| 0.25
'To which class of animals does the
earthworm belong? 031| 0 |031|0.11|0.16| 0.22
How does the blue whale feed its
newborns? 0.25]|0.13]0.29]|0.04{0.19| O.
Humans have 7 cervical vertebrae, but how
many cervical vertebrae does a giraffe 026 0. |{044|01]|02]| 04

have?

2
Do frogs have lungs’ 023 | 0.06 | 0.37|0.18|0.19/| 017

IAre horses ruminants?
0.21]0.14 |1 0.19|0.10{0.19| 0.16

Do you think that schools should offer
017| 0 0 |01|018| 0.13

more lessons related to general zoology?

Do you need more practical knowledge
0.18 | 0.23 | 0.21|0.22|0.12| 0.09

about animal biology?

*— P <0.05; r — Pearson's coefficient of conditionality: 0 <r < 0.3
weak correlation, 0.3 <r < 0.5 moderate correlation, 0.5 < r < 0.7 significant
correlation, 0.7 <r < 0.9 strong correlation, 0.9 <r < 1 very strong
correlation.



1.2. Comparative analysis

The results showed that students demonstrated a relatively good
basic level of knowledge in zoology, especially on issues related to
frequently studied material and familiar animals included in the curriculum.
The results of the special questions are presented in Table 2. 73.40% of
participants knew that frogs have lungs, 72.65% correctly identified the
guinea pig as a rodent, 64.65% stated that a fly has 6 legs, and 57.58%
correctly answered that blue whales feed their newborns with milk. Unlike
the more general questions, those requiring a deeper understanding or
comparison of the biological characteristics of different species revealed
significant gaps in knowledge. For example, 49.67% of students were aware
that ants and flies have the same number of legs, and although 51.26%
correctly classified the earthworm as an amphibian, nearly 41% incorrectly
attributed it to the class Reptiles. Performance on the question about the
number of cervical vertebrae in a giraffe was weaker, with 41.67% giving the
correct answer (7 vertebrae). The lowest level of knowledge was observed on
the topic of ruminants — only 31.26% of students correctly stated that horses
are not ruminants, while 57.95% incorrectly answered that they are.

2. Analysis of the survey results regarding students’ attitudes towards
snakes and turtles

A total of 426 questionnaires were completed in this study, of which
198 examined attitudes towards snakes and 228 examined attitudes towards
turtles. Students from the same age groups (seventh, ninth and eleventh
grade) participated in both surveys.

Most of the respondents had encountered a snake (87%) or a turtle
(77%) at least once in their lives. At the same time, there is a lack of
knowledge about the two taxa in terms of the species found in Bulgaria (41%
did not answer the questionnaire about snakes and 71% did not answer the
questionnaire about turtles).

The answers to the questions ,,Do you know how many species of
poisonous snakes there are in Bulgaria? and ,,Can you name some of them?«
most often mention the sand viper (Vipera ammodytes) and the common
viper (V. berus), followed by species that are not found in the country
(,,cobra“, ,,python*, ,,anaconda“, ,black mamba“, , rattlesnake*, etc.). When
asked ,,Do you know what species of snakes are found in your region? If so,
list some of them*, there were no answers regarding local species. Some
questions were related to knowledge about snakes that regulates human
behaviour in case of an encounter with them. Here, answers related to
avoidance and fear predominated ( ), although in each age group there was
also an answer ,,I will kill it“. The youngest seventh-grade students also gave



answers such as ,,I will call animal protection* and ,,I will call to have it
taken away*.

The sample provides a clear and structured picture of the
demographic characteristics of the participants, which creates the necessary
context for interpreting the results. The distribution by school, age, gender,
and level of biology education corresponds to trends observed in other
international studies (Alves, et al., 2014; Ceriaco, 2012; Fernandes—Ferreira
et al., 2011; da Silva et al., 2021;), and supports the analysis of attitudes and
knowledge about local herpetofauna.

The survey data show that despite students' frequent personal
experiences with snakes and turtles, their knowledge of local species is
fragmentary and often inaccurate. These gaps, combined with emotional
reactions such as fear, disgust or excessive sympathy, have a significant
impact on attitudes towards animals and behaviour in real-life situations.

The analysis reveals that the attitudes identified are closely related to
gaps in the biology and health education curriculum. Existing textbooks
present limited and uneven information about amphibians and reptiles, often
using foreign species, outdated classifications and inappropriate
visualisations. The lack of descriptions of local fauna, contemporary
conservation data, and key biological characteristics makes it difficult to
build scientifically accurate representations in the minds of students.

Thus, the results of the surveys, which show a strongly negative
attitude towards snakes and a problematic overly positive attitude towards
turtles, can be directly linked to the lack of systematicity, scientific accuracy
and relevance in the educational content. These gaps hinder the development
of basic knowledge and adequate perceptions of local species, which
highlights the need to improve teaching materials and include more complete,
accurate and practical content. Only through quality education, supported by
accurate and up-to-date information, can negative attitudes be overcome and
sustainable practices for biodiversity conservation be encouraged.

3. Analysis of the educational content by grade for amphibians and
reptiles in Bulgarian biology and environmental education textbooks —
historical and contemporary perspective (published until 2020)

a) Analysis of the presentation of the class Amphibians in biology
textbooks until 2014.

In the 7th grade Biology and Health Education textbooks, there are
significant differences in the presentation of the topic of amphibians. In the
edition by Shishinova et al. (2014), the topic is covered in only two pages,
including illustrations of a tree frog and a large water frog without
descriptions. The textbook by Angelov et al. (2008) lacks content on the



biology of amphibians and vertebrates. In the edition by Naydenova et al.
(1996), the topic is presented on three pages, but there are inaccuracies —
amphibians are defined as harmful to farms, there is no information on their
conservation, and the descriptions of some species are incomplete or
inaccurate. The statements about temperature requirements and reproduction
are misleading. In the textbook by Valcheva et al. (1993), where the topic is
covered in eight pages, there are confusing illustrations, no distinction
between closely related species, some of the local amphibians are not
included, and the information on conservation status is incorrectly presented.
In some cases, species are shown that are not described in the text.

b) Analysis of the presentation of the class Reptiles in biology
textbooks until 2014.

In the 7th grade Biology and Health Education textbooks, the topic
of reptiles is presented in different ways and with established omissions. In
the edition by Shishinova et al. (2014), the description of reptiles is missing,
the topic occupies one page and presents only one species — the rattlesnake,
without identification and description. In the textbook by Angelov et al.
(2008), there is no information on the biology of reptiles or vertebrates. In the
edition by Naydenova et al. (1996), the topic covers three pages, but some of
the representatives are described as harmful, the images of the viper's
poisonous fangs are inaccurate, and the descriptions of snakes use photos of
foreign species instead of local ones. On the same pages, there are
discrepancies between the text and illustrations, as well as a lack of
information on the number of turtle species in Bulgaria. In the textbook by
Vlcheva et al. (1993), the topic is covered in the most detail — 10 pages — but
there are inaccuracies in the presentation of the sand lizard, an emphasis on
foreign species such as the chameleon and cobra, and misleading data on
turtles in Bulgaria. Of the local species, the Caspian turtle, the spiny-tailed
turtle and the spiny-backed turtle are omitted, and in , the illustrations are
dominated by foreign species, while the local ones are minimally represented.

c) Analysis of the presentation of the class Amphibia in biology
textbooks from 2018.

- The textbooks by Shishinova et al. (2018) and Kasabanova et al.
(2018) include more pages on amphibian diversity, but contain inaccuracies
regarding frog species, the classification of tree frogs, the characteristics of
hind limbs, the acoustic signal of the species, the number of tailed amphibian
species in Bulgaria, and the conservation status of salamanders. The
presentation of tailed and legless amphibians includes recurring inaccuracies,
such as ,blind worm®, the size of the Japanese giant salamander, and
information about the great crested newt.

- In the textbooks by Panayotova et al. (2018) and the higher grades



(10th—-12th grade) by Tsanova et al. (2018), Shishinova et al. (2018),
Ovcharov et al. (2018), Bogoyev and Georgieva, Gagov et al. (2020) present
similar topics, with inaccuracies in the names of species, the development
cycle, fertilisation, metamorphosis, larval diagrams and the presentation of
feeding organisms. In some cases, the images and diagrams are inappropriate
or do not correspond to reality. The differences between species, specific
biological characteristics and the behaviour of amphibians are inaccurately
presented.

d) Analysis of the presentation of the class Reptiles in the 2018
biology textbooks

- In the Biology and Health Education textbooks for grades 7, 8 and
12, the topic of the class Reptiles is presented in varying degrees of detail and
contains inaccuracies and omissions. In the textbook by Tsanova and
Tomova (2018), the topic occupies three pages, but the description of the
body omits the neck and tail, and the information on the movement of snake-
like species is inaccurate. The section on turtles does not mention that sea
turtles and some other species cannot retract their heads and limbs, nor that
some of them lack horny elements on their shells. There are inaccuracies
regarding the distribution of the sand boa, the toxicity rating of venomous
species, data on the concave snake and the size of the cat snake. The data on
the range, diet and habitat of the snake eagle are inaccurate.

In the textbook by Ovcharov et al. (2018), the topic is covered in
four pages, but the description of the skeleton lacks information about the
tail, and the presence of a breastbone is noted for snakes, which is incorrect.
It is stated that viviparous species are found only in lizards, although such
species are also found in other groups. The table for the order Squamata
contains incorrect information about egg laying and hatching.

In the textbook by Kasabanova et al. (2018), the topic is presented in
6 pages. In the textbook by Panayotova et al. (2018), the volume is 4.5 pages,
and the description of the skeleton does not specify the absence of a rib cage
in snakes and the complexity of the structure in turtles. The turtle species
listed do not include invasive species. The number of lizard species in the
country is inaccurate, and the number of poisonous shakes is limited to only
two species, although others are also mentioned. There are inaccuracies
regarding the behaviour of blindworms in dangerous situations.

- In the textbook by Shishinova et al. (2018), the topic covers four
pages, but the description of snakes and lizards does not mention legless
lizards, and the information about the outer ear is inaccurate. Incorrect
identification of the species of the turtle depicted.

- In the 8th grade textbook by Ovcharov et al. (2018), the topic
covers two pages, and the photo of a snake bite depicts a species that is not



found in Bulgaria.

In the 12th grade textbooks, the topic is brief — in Tsanova and
Tomova (2020) it covers two pages, and in Gagov et al. (2020) — one page.

The shortcomings and inaccuracies in textbooks on amphibians and
reptiles indicate a need to update content and apply effective teaching
methods. The use of digital technologies, interactive simulations and
experiential learning provides practical experience and a deeper
understanding. The integration of VRLab Academy, PhET simulations and
field trips increases student motivation and engagement, develops critical
thinking and research skills, and supports the modernisation of biology
education.

4. Evolution of teaching methods in biology: digitisation, interactivity
and experiential learning

The results of the literature analysis showed that innovations related
to the use of new technologies may prevail in the teaching of biology and
health education in the near future. VRLab Academy and PhET are already
being used in Bulgaria, providing experiential learning and practical work in
a safe environment. Project-based learning is also effective as it develops
critical and investigative thinking (Marouli, 2021). The most commonly used
methods are practical methods, experiential learning and environmental
education, as well as the presentation of content (Panula et al., 2018).
According to Doncheva (2015), interactive methods encourage discussion
and personal opinion.

A study by the Ministry of Education and Science shows a negative
impact of distance learning on student motivation, engagement and results
(Hristova et al., 2021). However, other studies show positive effects of digital
technologies, such as augmented reality, which increases engagement
(lvanov et al., 2021). Therefore, the impact of online tools can be two-sided
and depends on the quality of their application.

Interactive forms such as field trips also improve knowledge
acquisition (Vladimirova, 2012). Teacher training is necessary for the
successful implementation of innovations. The reform of teaching in the
subject ,,Biology and Health Education* should include new skills and the
concept of lifelong learning (Hadzhiali et al., 2017). The process of
implementing innovations is long and complex and requires the development
of skills and creativity in participants. Training and encouraging teachers to
adopt innovative practices improves the quality and satisfaction of education
(Bojadzieva et al., 2021).

Innovative teaching methods combine traditional approaches with
virtual laboratories, interactive simulations and project-based learning, which



develop practical, critical and research skills. Digital resources encourage
active participation, while field trips provide direct contact with nature. The
conceptual test assesses the potential of Al to support the learning process
and integrate digital technologies.

5. Assessment of the effectiveness of freely available large language
models in solving zoological problems

Given the conceptual nature of this test, conducted in March 2025,
the expected results and potential points of discussion will be presented here.
It is expected that different Al products may show varying levels of success
in responding to the questions asked (Pavlova & Marchev, 2023). It is
possible that some models may have broader knowledge in certain clusters or
groups of animals depending on the dataset on which they were trained
(NIOS, 2024). The clusters covered knowledge about different groups of
animals (mammals, reptiles, amphibians and insects) and included a total of
16 questions.

The data presented shows us that the first three questions asked to
the six chatbots fall within the scope of school-level knowledge. The results
of the first three questions indicate a 100% correct answer. The next question
is ,,To which class of animals does the earthworm belong?* and the chatbots
DeepSeek and ChatGPT Researcher gave the wrong answer. The questions
,How does the blue whale feed its newborns?*, ,,Humans have 7 cervical
vertebrae, how many cervical vertebrae does a giraffe have?*, ,,Do frogs have
lungs?, ,,Are horses ruminants?* and ,,Do all mammals have 7 cervical
vertebrae? and ,,Which embryonic layer is the neural crest a derivative of?,
the correct answers clearly prevailed. The result regarding ,,Specialisation in
prey capture in the Chinese giant salamander falls into the narrow
specialisation cluster, with the only correct answer being provided by
ChatGPT Researcher. We considered the information that the hunting
mechanism involves the use of specialised muscle programmes that allow the
creation of a species-specific suction of the prey, whose basic mechanism
differs from that of other vertebrates (Heiss et al., 2013; Fortuny et al., 2015).

The next question, ,,How many species of the genus Anguis are
found in Bulgaria?, has a categorically correct answer from the Gemini 2.5
Pro chatbot and a partially correct answer from Copilot. The question ,,At
what altitude is the mountain frog found in Bulgaria? requires specific
knowledge in a narrowly specialised field, and all chatbots provided incorrect
answers. The results show similar information about the distribution of the
mountain frog, with the specified altitude range being between 800 and 2500
metres. To date, literature data confirm the presence of the mountain frog
(Rana temporaria), observed at the lowest documented altitude in Bulgaria



— 241 metres (Marinova et al., 2024). The next question in the narrow
specialisation area is similar: ,,What is the easternmost location of the brown
bear in Bulgaria reported in 20247, with the answers being categorically
wrong from all chatbots. According to the chatbots' answers, the brown bear
probably inhabits mainly the Eastern Rhodopes, Ludogorie, Central Stara
Planina and Strandzha. According to literature data, the easternmost location
of the species in Bulgaria is Eastern Stara Planina (Marinova et al., 2024).
The next question, ,,What are the external characteristics that distinguish the
subspecies of lizards found in Bulgaria?“ is controversial, as there is no
accurate answer at this time. Copilot, Chat GPT, Gemini 2.5 Pro, and
Perplexity provide partially correct answers, while Deepseek and Chat GPT
Researcher provide categorically incorrect answers. Perplexity, while
Deepseek and Chat GPT Researcher provided categorically incorrect
answers. The last question, ,,How many subspecies of larks are found in
Bulgaria? (also ambiguous like the previous one) has partially correct answers
from Copilot, Chat GPT and Gemini 2.5 Pro. ly incorrect answers are
provided by Deepseek, Perplexity, and Chat GPT Researcher. In this regard,
the current scientific information on the subspecies identified to date and
their distribution is presented in detail in the article by Dyugmedzhiev et al.,
2024,

Positive results from the use of Al include rapid information retrieval
and the ability to identify animals based on described characteristics,
especially when these characteristics are clearly represented in the training
datasets (N1OS, 2024). For example, Al can successfully classify an animal if
it is provided with key morphological features (Komsalova et al., 2024). In
addition, Al can be useful for generating general information about the
habitat and lifestyle of well-known species (NIOS, 2024).

The results of our test made it possible to assess the extent to which
freely available Al products can be a reliable source in the field of zoological
knowledge. The potential of Al as an aid in biology and health education at
school level can be assessed as high. However, it should be noted that
teachers need to be prepared to guide students on how to use Al tools
correctly and to verify the results obtained (NIISOS, 2024). It is clear that the
future of biology and health education is closely linked to technological
development and global social needs. Despite the many advantages, such as
increased efficiency and relevance of knowledge, there are also real
challenges that must be overcome through well-planned educational policies
and professional development of teachers (Mishra & Koehler, 2006).

It is important to emphasise that Al is more reliable for general
questions and less accurate for specific ones, which highlights the need to
combine it with practical outdoor training to develop critical thinking and



practical skills. Fieldwork confirms the importance of practical learning and
reveals which species and behavioural manifestations are suitable for
educational excursions. Long-term studies based on suitable teaching objects
that meet the criteria for effective field training can be sustainably integrated
into modern biology education.

6. Ecological-ethological analysis of amphibians in the Shumen Plateau
Nature Park and assessment of their suitability as model organisms for
biological excursions

Our long-term observation of amphibians in the Shumen Plateau
Nature Park revealed that three species of tailed amphibians and six species of
tailless amphibians were found. Among the tailed amphibians, L. vulgaris
and T. ivanbureshi exhibit a rather secretive lifestyle (Koynova et al., 2018).
We caught them mainly with traps. The third species, S. salamandra, had a
higher detection rate, but most of the time only single specimens were
observed. The species is quite contrasting in colouration and may be of
interest to students, but not much scientific information can be obtained from
sporadic discoveries of individuals. Over the past four years, we have
managed to discover an atypical amplexus between male long-legged frogs
and female fire salamanders (Koynova & Natchev, 2021b). One of the frog
species, B. bombina, was extremely rare in the study area and had not been
found for about 100 years before being rediscovered in 2012 and 2014
(Natchev et al., 2015). Both species of toads inhabiting the Nature Park —
Bufo bufo and Bufotes viridis — are mainly nocturnal animals as adults, and
their populations are relatively small. The eastern tree frog is mainly detected
at night through audio signals, while the common spadefoot toad forms dense
populations with a period of sexual activity ranging from very high to very
low intensity.

Since the beginning of our study in the winter of 2014, the forest
long-legged frogs inhabiting the Nature Park have shown a fairly consistent
pattern of activity: the males were the first to enter shallow water pools in deciduous
forests after the first sunny days with positive water temperatures, followed a few
days later by the females (Koynova et al., 2022). The males and females formed an
axial amplexus for several days, after which the first egg clusters appeared, attached to
underwater plants or floating on the water surface.

The data obtained are based on long-term field observations and
published studies during the period 2014-2025. For each species, an analysis
of its suitability for selection as a model organism for a biological excursion
is provided, in accordance with the criteria listed in the ,Materials and
Methods* section.



V. DISCUSSION

1. Relationship between theoretical training, practical skills and attitude
towards biodiversity

The term ,,biodiversity” describes the diversity of life forms, and
education plays a key role in its conservation (Ramirez et al., 2019).
Studies show that Bulgarian ninth-graders have a good overall level of
knowledge in biology and health education, but encounter difficulties
in applying it in new situations and in open-ended questions requiring
analysis and logical reasoning (Davidova et al., 2022; Nwagbo, 2006).
The educational environment and teaching methods, including
practical activities and combined lectures, have a positive impact on
knowledge acquisition (Orazem et al., 2019; Pererira et al., 2014).
Field trips and direct contact with animals increase cognitive
engagement, motivation, and understanding of ecological processes
(Orion & Hofstein, 1994; Dillon et al., 2006; Behrendt & Franklin,
2014; Ogenyi & Tsenum, 2020; Namozovna, 2023; Marpa, 2020;
Randler et al., 2005; Doichinova, 2024). A high level of knowledge
correlates with positive attitudes towards zoological and ecological
topics, but attitudes are slow to develop and require continuous
education (Bradley et al., 1999; OraZzem et al., 2019; Nwagbo, 2006;
Prokop et al., 2007).

Practical activities and the use of models stimulate curiosity and
understanding of the importance of animals for ecological balance (Cutrim et
al.,, 2021; Kaushik & Kachhwaha, 2024). Our study shows a good
understanding of frequently studied species, but significant gaps in
knowledge about local snakes and turtles, which highlights the need for
practical and interactive training to shape responsible attitudes towards
biodiversity. The fact that more than half of the students we surveyed
expressed a desire for more lessons and practical activities in zoology is a
positive indicator of conscious interest and motivation for more in-depth
learning (Table 2). These results highlight the importance of education in
building an ecological culture and sustainable attitudes. Measures such as
increasing practical and interactive activities, developing critical and creative
thinking, integrating social and environmental aspects, and professional
development of teachers are recommended (Davidova et al., 2022;
Doichinova, 2024; Nwaghbo, 2006; Gayford, 2000).



2. Attitudes, fears and aesthetic preferences: influence on the perception
and conservation of animal species

Carson's (1987) work emphasises attitudes towards nature and
animals, with studies showing that willingness to protect reptiles is low —
only 43% of those surveyed (Keler, 1984), and fear of snakes is among the
most common phobias (Brewer, 2001; Knight, 2008) and is partly
evolutionarily conditioned (Ohman and Mineka, 2001). In addition to fear,
aesthetic evaluation influences the acceptance of animals (Stokes, 2007,
Knight, 2008; Ceriaco, 2012), with their beauty being highly valued (Stokke
& Haukeland, 2017). Despite the fear of large predators, they are valued
positively for their beauty (Keler, 1984; Pihno, 2014). Negative attitudes,
expressed through fear or dislike, reduce the desire to protect species (Keler,
1979, 1984).

Our studies have largely shown a lack of knowledge and skills, as
well as negative attitudes towards snakes and positive attitudes towards
turtles, which is associated with a willingness to take actions that are in direct
violation of the provisions of the Biodiversity Act, the Animal Protection
Act, etc. At the same time, however, attitudes towards the inclusion of
lessons related to environmental protection practices in the educational
programme are highly positive in both studies — 80% of respondents
answered ,,Yes“ in the questionnaire about snakes and 84% answered ,,Yes*
in the questionnaire about turtles. (Preslavska, 2019; Prokop, 2009; Schlegel
and Rupf, 2010). Similar conclusions have been drawn in various studies on
attitudes towards endangered species (Prokop, 2009; Randler and Prokop,
2012; Reynolds et al., 2018). Social attitudes are a key factor in behaviour,
including in relation to restoration ecology (Alves, 2012; Allport, 1935;
Todorova, 1995; Thomas & Thomas, 1928; Link et al., 1999; Cohen et al.,
1972; Reynolds et al., 2018; Ballouard et al., 2012).

Our review revealed two trends: a strongly negative attitude
towards snakes, leading to destructive behaviour due to fear and lack of
knowledge, and an overly positive attitude towards turtles, leading to the
removal of wild animals from their natural environment and low survival
rates for these animals.

3. Field studies of amphibians: activity and mating behaviour of R.
dalmatina

It has long been recognised that one of the main problems affecting
the results of fieldwork activities is the lack of results, thus turning the
excursion into a 'picnic. The students did not have the opportunity to
Ldiscover« , and the teacher was disappointed by the failure to achieve the
pedagogical goals (Van Cleave, 1919). Our study aims to prevent such



situations through a nine-condition algorithm (Materials and Methods),
according to which many species of amphibians such as L. vulgaris and T.
ivanbureshi, the salamander, the red-bellied toad, the brown and green toads,
the eastern tree frog and the great water frog do not fully meet the criteria for
easy detectability, morphological distinctiveness and observability of sexual
behaviour (Stojanov et al., 2011; Heiss et al., 2015; Lukanov and Tzankov,
2016; Kaczmarek et al., 2018; Lukanov and Atanasova, 2025; Buckley et al.,
2007; De Bernardi et al., 2009; Natchev et al., 2015; Biilbiil et al., 2017,
Touzot et al., 2019; Spief3berger et al., 2023; Popiotek et al., 2011;
Leuenberger et al., 2014; Lukanov et al., 2015, 2017; Sanchez—Montes et al.,
2016; Dufresnes et al., 2018).

Only R. dalmatina meets all requirements: wide range, suitable and
regulated sexual behaviour, easily observable spawning and activity
immediately after winter (Koynova et al., 2020, 2021a). The algorithm can be
applied not only in Bulgaria, but also throughout the entire range of the long-
legged frog (Pavignano et al., 1990; Lodé & Lesbarreres, 2004; Hettyey et
al., 2005; Hartel et al., 2009; Sarasola—Puente et al., 2011; losob and
Prisecaru, 2014). In the rest of the European continent, excursions can be
planned to study R. temporaria (Miaud et al., 1999; Hartel, 2005; Johansson
et al., 2006; Teacher et al., 2009; Blank et al., 2013; Ludwig et al., 2015).

In addition to direct observation of frogs, their mating behaviour
and the development of eggs and larvae, additional ecological data can be
collected during field research by: a. photographing the habitat, frogs, eggs
and larvae; b. creating a GPS database of findings; c. measuring air, water
and soil temperature; d. determining the pH of the water; e. collecting data on
the electrical conductivity of the water.

Of particular interest to students is the fact that on sunny days, the
water temperature can be several degrees lower than the temperature in the
egg clump (Hakansson and Loman, 2004), which allows for new
observations and discoveries through citizen science tools (criteria 6, 7).



VI. CONCLUSION

The biology and health education teacher should create conditions
for independent and group experimental research of natural objects and
phenomena. Student motivation can be achieved through natural materials,
illustrations and demonstrations of experiments, linking them to acquired and
new knowledge. Orienting learning through observation, experimentation and
research develops research skills and familiarises students with the stages of
experimental research and the methods of scientific knowledge.

Zoology education helps build an active civic position, shapes health
culture, and teaches safety rules and ethical norms. Well-balanced
educational content and cognitive interest allow for easy acquisition of
knowledge and practical skills. The curriculum offers a variety of
approaches, methods, and tools tailored to the age characteristics of the
students.

The use of digital tools, online platforms and mobile applications
provides access to additional resources, flexibility in learning and stimulates
critical thinking. Extracurricular forms of learning promote a better
understanding of the content and the development of practical skills. The
cognitive objectives set out in the curriculum should be realistic and fully
achievable within the specified teaching time. The Biology and Health
Education curriculum offers teachers a good opportunity to use a variety of
approaches, methods and tools tailored to the age characteristics of the
students.

Research into the possibilities of Al shows potential for certain
learning objectives, but Al performs inadequately on specialised questions,
requiring control when used. The surveys show that 60.47% of students
support an increase in zoology lessons, and 54.05% want additional practical
activities, which highlights the need to update and enrich the curriculum.

Educational excursions stimulate interest in studying abiotic and
biotic processes, optimise cognitive and emotional aspects, and shape
ecological perceptions. Direct observation allows data to be visualised
through photo galleries, videos, posters and presentations, which can be
published and shared for wider interest and participation in the learning
process.



VII.

CONCLUSIONS
1. It was found that secondary school students in Bulgaria show

limited ability to handle basic knowledge and concepts in the
field of general zoology, which reveals significant gaps in
zoological training.

. Students' attitudes towards snakes and turtles are characterised by

a clear tendency towards inappropriate behaviour, which
highlights the need for systematic educational intervention.

. An analysis of 36 biology and health education textbooks

revealed factual inaccuracies in some of them regarding
amphibians and reptiles, which hinders the development of
scientific literacy among students.

. Based on the identified problems, there is a need to apply modern

methods of teaching zoology at secondary school level to
increase the effectiveness of teaching and learning of the
curriculum content.

. Research into the possibilities of free platforms with artificial

intelligence has shown both their potential to support zoology
education and the risks associated with generating incorrect or
incomplete information.

. The results of the student surveys clearly highlight the need to

increase the number of zoology lessons and expand practical
activities in order to overcome existing gaps in knowledge and
stimulate critical thinking.

. The developed concept for conducting lessons-excursions proves

its potential as an effective approach for developing practical
zoological knowledge and interest in high school students.
Practical outdoor training creates conditions for the full
acquisition of knowledge, the formation of skills and the
development of positive social and ethical attitudes in students.



VIII.

CONTRIBUTIONS

The results of the analysis of the educational content, questionnaire
surveys and the proposed model of a lesson-excursion give us reason to
believe that the theoretical and practical-applied objectives have been
achieved. Based on the data obtained at the end, we can say that the
hypothesis formulated in the dissertation has been proven.

Contributions at the theoretical level:

1.

The ability of high school students in Bulgaria to handle
knowledge and concepts in the field of general zoology was
investigated. Significant gaps in zoological knowledge were
identified.

Information was obtained about the attitudes of high school
students in Bulgaria towards snakes and turtles. An alarming
lack of education and a tendency to commit illegal acts were
identified.

The zoology content of a total of 36 Bulgarian biology and
health education textbooks was examined. Factual inaccuracies
were found in some of the textbooks.

Based on the identified trends, we proposed an analysis of
contemporary methods of teaching zoology in secondary
school.

Contributions at the practical and applied level:

1

The ability of free Al platforms to support students and teachers
in zoology education was examined. Positive and negative
trends were identified;

In order to develop knowledge of zoology in secondary school,
we developed a concept for planning and conducting field trips
for students.
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