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General Overview of the Thesis

Research topicality and importance: In recent decades,
Science education has gained a significant role. Today, this issue
is even more relevant. In accordance with the requirements of
the National Curriculum, students, when studying Science sub-
jects, become aware of the foundation of science and develop
the skills of cognition, observation, perception and research that
enable them to perceive the world. In addition, they try to par-
ticipate in various fields of social activity and take responsibility
for themselves and for society.

“Science education provides students with the knowledge
and skills that help them respond to the rapid progress of hu-
manity, harness modern scientific and technological achieve-
ments, and create a full-fledged place in society.”

The EU report for 2003 shows a strong decline in interest
in Science subjects in Europe. The reason for the lack of inter-
est lies in the inadequate approaches of Science education in
schools, the qualifications of teachers, the classroom setting, the
resources and much more.

The search for ways to study and solve the above problem
led us to the need to conduct a research on Science teaching ap-
proaches. To this end, international studies are carried out, such
as PISA (The Program for International Student Assessment)
and TIMSS (The Trends in International Mathematics and Sci-
ence Study).

The results of the studies conducted in different countries
over the years are compared. Problematic aspects are identified
and appropriate recommendations are developed in this field.
In line with the findings of the study, all countries, taking into
account their own problems, seek to identify which teaching
methods and approaches are effective for them.
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One of the key factors in determining students’ interests
and motivation is a teacher and his/her planned lesson. It is
therefore important to develop and improve teachers’ profes-
sional competencies. Teacher training programs are conducted
worldwide. Georgia is no exception in this respect.

In the Soviet era, Science education was mainly based
on the acquisition of theoretical knowledge. However, mod-
ern teaching approaches are inquiry-based. Many teachers in
Georgia do not know or cannot access modern, inquiry-based
approaches to Science education, and they need to be trained
in this regard. Based on the results of the international study of
students, it became urgent to study the teaching approaches and
research skills of Science teachers.

The thesis is based on the study conducted within the
framework of “Chain Reaction”, a project of 7th Framework
Program of the European Commission, which was carried out
during the academic years 2014-2015 and 2015-2016. Each re-
spondent participated in two phases of the research- before and
after participation in the project.

The main objective of the thesis is to identify how partic-
ipant teacher teaching approaches towards inquiry-based learn-
ing changed in the course of the project implementation, how
their research skills have evolved, and how actively they engage
research projects and activities in everyday practice. The goals
of the work are:

e Study if students’ motivation and interest in Science subjects
has increased and their collaborative and research skills have
developed through the introduction of research projects.

e Identify whether the changes in teachers’ approaches to In-
quiry-based learning are consistent with the changesin stu-
dents’ attitudes to Science learning

e Develop recommendations based on the findings of the study
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for Science teachers and the National Curriculum Depart-
ment of the Ministry of Education as well as for providers of
training courses for professional development of teachers.

The target group of the study consisted of:

e Science teachers participating in the project “Chain Reaction
e The students of primary and secondary stages of the schools
participating in the project

Research questions:

1. Did the teachers’ attitudes change after participation in
Teacher Professional Development in IBSE , which was devel-
oped and implemented as part of the “Chain Reaction” project?

2. Did the students’ desire for cooperation and motivation
towards Science subjects change after the inquiry-based lesson?

formulating the research questions, we have developed the
following hypotheses:

o After participating in the “Chain Reaction” project, teachers
will develop their research skills and their attitudes towards
the introduction of inquiry-based learning will change pos-
itively.

e After Participation in the Chain Reaction project, student mo-
tivation towards Science subjects will increase. In addition,
the quality of collaboration among students and between stu-
dents and teachers will be improved.

Based on the research goal we have done the following
tasks:

e Review of the literature around the research topic

e Selection of research methods

e In accordance with the selected methods, we conducted the
following studies:

v" Qualitative study of teacher attitudes through pre and
post-interview methods
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v Quantitative study of teacher attitudes through pre- and
post-questionnaires

v" The Study of students’ motivation and desire for coopera-
tion through Focus Groups Research Method

Taking into account the research questions and objectives,
we tested the hypotheses with qualitative and quantitative re-
search methods.

A qualitative study of teachers was carried out using In-
Depth Interview and Survey methods, and a qualitative study of
students was conducted through Focus Group Research Method.

Kelly’s Personal Construct Theory-based provisions were
used as tools for quantitative studies of teachers, and a SoC ques-
tionnaire was selected for the qualitative study of teachers. As
for the qualitative study of the students, we used the questions
formulated by the project team.

In our research, the data obtained through the study of
different population groups -students and teachers -were uni-
fied and linked together. The information generated through
The Focus Group Research Method identifies and confirms the
changes in the attitudes and opinions of teachers, as well as the
improvement of students’ motivation and ability to collaborate.

The conclusions of the thesis are based on data analyses
and interpretations, which were collected using the methods se-
lected by us.

The scientific novelty of the thesis is the study of the atti-
tudes of Science teachers to inquiry-based learning in Georgia.
In order to develop these attitudes, a new model of long-term
Teacher Development Program has been developed.

We believe that the work will have a scientific and practi-
cal value. Literature review, findings, and recommendations of
the research will be important for Science researchers in their
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continuing study of inquiry-based learning.

The introduction of a long-term model of the Teacher
Professional Training Program, developed by the project team
and studied by us, will contribute to the development of teach-
er research competencies. If the recommendations presented in
the thesis are taken into account, the methodology of Science
education will be improved both in schools and in the universi-
ties of Georgia. The thesis will make a significant contribution to
improving the quality of Science teaching and learning and will
positively affect student motivation.

The Structure of the Thesis

The structure and the scope of the thesis correspond to the
goals and objectives of the work. The thesis consists of an anno-
tation (in Georgian and English), a table of contents, introduc-
tion, six chapters-with the appropriate subchapters, references,
and appendices. The thesis contains 267 pages, including an an-
notation and appendices, the main part of which (introduction,
chapters) consists of 149 printed pages. In the appendices to the
work, research tools used during the study (cards, question-
naires), tables of teacher categories and analysis of each teacher’s
interview transcripts are in the form of tables, constructs, and
categories.

The main findings of the study have been presented at five
international conferences. Four scientific papers dealing with
novelties of the thesis have been published.

The first chapter - Scientific Literature Review consists of
four subchapters. Each of them presents the views of psycholo-
gists, educationists, and experts about various specific topics.

The first subchapter, Inquiry-based Learning - Internation-
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al Experience, reviews the inquiry-based learning approaches of
the US and European education systems, various science coun-
cils and Science teacher associations (the US National Research
Council - NRC; National Science Foundation- NSF; National
Science Teachers Association (NSTA); American Association for
the Advancement of Science - AAAS; Duke University Center
for Inquiry-Based Learning-CIBL). The opinions of educationists
and psychologists (Dewey, Gardner, Gogebashvili, Llewellyn,
Hester, Bartholomew, etc.) are also formulated about the impact
of inquiry-based learning on the development of students’ cog-
nitive and social skills.

The second subchapter, Inquiry-based Classroom Setting,
reviews and compares student-oriented classroom setting with
the traditional academic setting as well as traditional laboratory
activities with open-ended, inquiry-based ones. The subchapter
emphasizes the advantages of research activities. It discusses the
teacher’s role in the inquiry-based learning as well as addition-
al interactive teaching methods, approaches, and training mod-
els, such as 5E training cycle, research cycle and many others.
We considered it important to discuss the difficulties associated
with the inquiry-based learning, for example, time management,
classroom management, assessment, the questioning technique
and much more. The second subchapter reviews the ideas of Jor-
gensen, Huxley, Shilland, Colburn, Reagan, Brooks, Sergiovan,
Bolte, Osborne, Schneider,Hofstein ,Mamlok-Naaman , Norton,
Lester,Dyrli , Bochorishvili, Lobzhanidze, Gorgodze and others.

The third subchapter, Inquiry-based Learning in Georgia
reviews the undesirable results of the international studies in
relation to Georgian students. Then it deals with implemented
and ongoing programs carried out by the education system and
various scientific organizations to solve existing problems. The
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subchapter also covers The National Curriculum and Teach-
er Professional Standard as well as the projects implemented by
Ilia State University (within the EU Tempus and 7th Framework
Program) related to inquiry-based learning.

The fourth subchapter -The Motivation of Students and
The Ways for its Growth - presents the opinions of Bandura,
Schiefele, Glynn, S.M., Koballa, Kapanadze and other scientists,
psychologists and Education experts about motivation. Then, it
reviews The Self-determination Theory and The development
of interests and motivation by Deci&Ryan ;It also deals with An
Educational-Psychological Theory of Interest by Krapp and The
Model of Motivational Learning Environment (MoLE) by Bolte.

The second chapter - Research Methodology, contains
three subchapters.

The first subchapter presents the general characteristic of
the research.

The second subchapter deals in detail the qualitative re-
search methodology for the study of teachers and students and
the third subchapter reviews the methodology for quantitative
studies of teachers.

The third chapter - Data Analysis, also consists of three
sub-chapters: the analysis of the qualitative study of the teach-
ers, the analysis of the quantitative study of the teachers and the
analysis of the qualitative study of the students.

The fourth chapter is a summary of the research findings.

Based on the results of the study conducted in the target
population, we identified four main categories among the opin-
ions and approaches of Science teachers: time and class manage-
ment, professional development, teaching approaches, and the
state of students.

Based on the analysis of teachers’ pre- and post-interviews,
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it can be concluded that positive changes in the opinions and
attitudes of teachers towards inquiry-based learning approaches
are clearly visible in all four areas.

In both phases of the study, teachers talk about the need
to plan a lesson in advance. In the pre-interview, they refer to
time management in accordance with traditional classroom ac-
tivities, but in the post-interview, they discuss not only lesson
planning and time management, but also preliminary prepara-
tion and conduct of experiments. In their opinion, such a mea-
sure rules out the failure of the inquiry-based lesson.

The majority of teachers in the pre-interview emphasize
the problem of time management for conducting the research
activities. In their opinion, they do not/cannot carry out the re-
search because of the difficult work schedule and many training
programs. They do not have enough time to conduct a study.
The analysis of post-interviews demonstrates that teachers be-
came aware of the importance of research activities, and when
planning the lessons the focus on research became a priority for
them. By conducting the research activities of the project, they
learned the correct management and rational use of time. Nev-
ertheless, teachers still believe that the number of hours that the
National Curriculum provides for Science subjects is insufficient
for inquiry-based learning. Therefore, the problem of time for
teachers is still of topical relevance.

Before participating in the project, one of the most im-
portant problems for teachers is a large number of students. In
their consideration, it is difficult to implement an inquiry-based
learning in the classrooms with many students, because in such
a situation, it is hard to manage students and therefore, disci-
plinary violations are highlighted. For teachers, chaos in the lab
and noise during research was a mess, because at that time the
science lesson was associated with silence and disciplined sitting

32

of students.

However, as part of the project, the teachers understood
the essence of the inquiry-based learning concept and gained
knowledge and experience of this approach. As mentioned
above, they plan a lesson in advance and always take into ac-
count the individual interests of their students when selecting a
research topic. Consequently, at the end of the introduction of
the research briefs, the motivation and participation of students
in the learning process increased, and the disciplinary problems
reduced. After completing the project, the teachers consider
the chaos during the workshops as the key feature of the inqui-
ry-based lessons and workflow.

In both pre- and post-interviews, almost every teacher
speaks about the necessary environment for the implementation
of an inquiry-based lesson, such as a laboratory. Before partic-
ipating in the project, they used to ask the administration for
financial support and material resources needed for the research,
such as laboratory equipment, tools, and reagents. Otherwise,
they were unable to conduct inquiry-based lessons. Thanks to
the experience gained in the project and the literature offered
by the project, they learned how to use cheap technologies, in-
cluding household items, implements and basic equipment for
conduction classroom research. They no longer wait for the ex-
pensive equipment to be bought by the administration. Some of
the teachers apply to the appropriate university databases and
local institutions to conduct research. With such actions, they
help the students to get closer to science.

Teachers do not usually talk about security issues, but that
does not mean that this topic is less important to them. I think it
has become a rule for them that they take care of safety and this
issue is no longer paid special attention.

According to the teachers, verbal encouragement from
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the administration and material support is important to them.
However, the post-interview analysis shows that they are always
ready to introduce the pupil research briefs and to evaluate the
students’ outcomes after the implementation of such briefs.

In both phases of the research, teachers talk about
one of the key inhibitors of inquiry-based learning, such as a
school-leaving exam, which, in their opinion, tests only actual
knowledge. It is obvious that the requirements and criteria of
the exam go so far beyond the principles of inquiry-based learn-
ing that the attitude of the teachers towards the exam remains
unchanged even at the end of the project.

Before implementing the long-term teacher pro-
fessional development program, Science teachers considered
the school administration responsible for the diversity of their
professional development and classroom activities. At this stage
of the study, they believed that the teacher professional devel-
opment and the introduction of modern approaches would be
impossible without the support of the administration, i.e. the
administration support was the only way for their professional
development, to their mind. After participating in the project,
teachers themselves take care of acquiring of innovative meth-
ods and introducing them in the classroom. Before the project,
some of the teachers talked about the lack of their experience in
inquiry-based learning, and the second group of teachers noted
that they had often conducted research and had gained much ex-
perience in this field. However, after participation in the project,
they became aware of the knowledge and experience that is re-
ally needed to facilitate successful inquiry-based lessons. While
inquiry-based lessons were led by teachers before the project,
post-project lessons developed into open-ended, student-orient-
ed studies. As a result, almost every teacher who participated in
the project became aware of the nature of inquiry-based learn-
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ing, developed research skills and gained a pretty good experi-
ence.

It is obvious that the project has provided teachers with
specific knowledge and experience in the field of research. It is
also clear that they are moving further in this direction; they
continue to focus on the above problem, try to study more de-
tails and conduct inquiry-based lessons to improve their teach-
ing experience. It can be said that they care about their self-de-
velopment.

According to the teachers, it is essential to work with col-
leagues, exchange experiences and communicate effectively in
order to grow professionally. They have talked much about this
topic since attending the project because they understood the
importance of collaboration in the course of research. They im-
proved their collaboration skills and exchanged hands-on expe-
rience gained through implementation of research briefs.

Collaboration and exchange of experience have solved
two key problems, such as the access to methodological liter-
ature around inquiry-based learning in Georgian language and
the dissemination of student research briefs.

Prior to participating in Teacher Long-term Professional
Development Program, teachers mainly talked about the teach-
ing approaches of practical lesson and saw experiments, research
activities, learning-by- doing, and others from a single perspec-
tive. After participating in the project, they distinguish research
from simple practical activities because they believe that stu-
dents have more freedom to think and ask questions during re-
search. In addition, in the course of the research, students inde-
pendently seek for alternative ways to solve problems, conduct
experiments, and derive logical conclusions from the findings
and present them to the respective audience.

In both the qualitative and quantitative analyses, it is obvi-
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ous that the teachers considered the theoretical lessons as their
successful experience before participating in the project and ba-
sically, they conducted lessons planned in accordance with tra-
ditional approaches. After the introduction of Project Research
Briefs, teachers actively conduct inquiry-based lessons; accord-
ingly, students are more interested in studying Science. Their at-
titude towards the Science subjects has also changed positively.
In addition, students’ interests and participation in the learning
process, as well as their collaboration and desire to conduct re-
search independently, increased significantly.

As for the teacher categories, it can be said that before par-
ticipating in the project, a large number of teachers talked about
students’ lack of motivation, but after the project, all participant
teachers found that students’ involvement in the learning process
and their desire to independently conduct research increased.

The analysis of the results of focus groups also confirmed
that the interests of students in research activities and, conse-
quently, in science subjects have increased. In addition, their
motivation and participation in the learning process has in-
creased significantly, and their plans relate to research activities.

The results obtained demonstrate the effectiveness of the
Teacher Development Program developed within the project,
which confirms the positive changes in the teaching attitudes
and approaches of science teachers, in line with the positive
changes in student attitudes and their desire for cooperation and
their motivation growth.

The study has confirmed the success of the new Teacher
Professional Development Program we have developed.

The fifth chapter provides the conclusions based on data
analysis:

e The Teacher long-term Professional Development Program
developed as part of the project “Chain Reaction” is effective
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and recommended for the professional education of Science
teachers

e Pupil Research Briefs developed within the framework of
“Chain Reaction” project have had a positive effect on the
motivation of students and can be used in the public and pri-
vate school of Georgia at primary and secondary stages.

e The long-term teacher development programs lead to in-
creased teacher participation and to the improvement of the
quality of Science education

e Through participation in the project “Chain Reaction”

v" The collaboration among Science teachers has increased

v' Teachers have developed a positive attitude towards pro-
fessional development

v" The traditional approaches to Science education have been
replaced by inquiry-based learning approaches

v" Work in the classroom has improved- a teacher-oriented
lesson has been replaced by a student-oriented lesson

v" The quality of Science teaching and learning has improved
and the motivation of students has increased.

e The success of education reform is impossible without the
professional development of teachers.

Chapter 6 contains recommendations for Science teachers
of public and private schools of Georgia. In addition, recommen-
dations have been made to the departments of the Ministry of
Education and the organizations responsible for the implemen-
tation of the teacher professional development programs.

e [t is important to continuously conduct teacher long-term
professional training programs, in particular, we recommend
the program prepared in the framework of the project “Chain
Reaction”, which encourages the collaboration among teach-
ers, the exchange of experiences, the constant contact with
experts in the field of education and the acquisition of inno-
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vative methods.

e Science teacher training programs should be conducted in the
labs so that teachers can work effectively and develop their
research skills that they will use in the teaching process.

e Theimplementation of research briefs in the classroom should
not be a one-time activity. Research should be conducted
continuously as part of the lesson to maintain sustainable ef-
ficiency and preserve the motivation of students, achieved
through the introduction of research briefs.

e Review the National Curriculum and make changes to the
hourly schedule of science subjects, in particular, to develop
a mechanism for encouraging the introduction of research
briefs at schools, for example, twin lessons in Science are rec-
ommended once a week.

The main findings of the research were presented at the
following international conferences:

1. Science Education and Green Chemistry for a Sustain-
able Future, Haifa, Israel, 2015

2. 23nd Symposium on Chemistry and Science Education,
Dortmund, Germany, 2016

3. Education,, Research, Practice — I International Scientif-
ic Conference, Telavi, Georgia, 2016

4. GIREP Seminar, Krakow, Poland, 2016

5. Conferation of ESERA (European Science Education Re-
search Association) Dublin, Irelend, 2017

The novelties of the Thesis were published in the follow-
ing scientific works:

1. Kapanadze, M., Slovinsky E. &Bagatrishvili, N., (2016)
Pupil Research Briefs — Implementation of theprojectChain Re-
action in Georgia. In: I. Eilks, S. Markic& B. Ralle (eds.), Sci-
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enceEducationResearchandPracticalWork, Publisher: Aachen,
Shaker, (pp. 71-80).

2. Kapanadze, M., Slovinsky E. &Bagatrishvili, N.,
(2016)’Inquiry-based learning in Georgia”. Iakob Gogebashvi-
li Telavi State University.The Faculty of Educational Sciences.
Collection of works. ISSN 2449-2337.(pp.36-41)

3. Kapanadze, M., Bagatrishvili, N. &Slovinsky E., (2017)
ScienceEducationforSustainableFutureandproject “ChainReac-
tion” inGeorgia. Vol. 44/2017, DARUNA, (pp. 59-66)

4. Bagatrishvili, N., (2017) Introduction of inquiry-based
learning in Georgia and changes in teacher attitudes towards
this issue. Georgian Science and Society Development Fund “In-
tellect”. ISSN 1512-0333 N2(58), Thilisi (pp. 30-33)
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