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Abstract—Green energy is promoted via education and
training. In education, concepts are the cornerstone in
knowledge creation. Comparative analysis in the present paper
assists in the discovery of patterns of processes of conceptual
change. The aim of this paper is to compare processes of
conceptual change underpinning the enhancement of
implementation of green energy education and training. Our
motivation here is to identify an efficient process of conceptual
change for the enhancement of implementation of green energy
education and training. The novelty of the research presented in
this paper lies in the formulated implications for research and
practice devoted to the efficient implementation of green energy
education and training.

Index Terms—Component, green energy education and
training, processes of conceptual change, comparative analysis.

I. INTRODUCTION

In the light of climate change, the energy sector shifts to
green energy and renewable sources. Renewables are
expected to supply four-fifths of the world’s electricity by
2050, massively cutting carbon emissions and helping to
mitigate climate change. In order to succeed at a macro-level
societal shift, green energy education and training is widely
recognized as the efficient way of stipulating the transition
from fossil fuels’ energy to renewable sources.

The relationship between green energy as well as

education and training is of two-fold nature as shown in Fig.
1:
e on the one side, green energy is promoted via education
and training,
on the other hand, education and training is the driver of
green energy.
In education and training, concepts are found to be at the
heart of knowledge creation [1]. Fig. 2 demonstrates the
inter-connections between green energy, education and
training as well as concepts.

Further on, concepts are bi-modal phenomena in education.

It should be noted that by bi-modal phenomenon, a
phenomenon that obtains or exhibits two contrasting modes
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or forms is meant [2]. On the one hand, concepts present
forms or levels of knowledge in education [1] and content [3].
On the other hand, a concept is defined as a verbal abstraction
drawn from observation of a number of specific cases [4].
Additionally, concepts are not static, they are dynamic, they
change in time and develop in content.

Education and

Green energy
4> .-
training

Fig. 1. The relationship between green energy as well as education and
training.

Green energy

Education and training -

Fig. 2. The relationship between green energy, education and training as well
as concepts.

Against this background, a little attention was paid to
processes of conceptual change in green energy in general
and education and training in particular. The research
questions are:

1) How to implement the process of conceptual change in
green energy education and training?
What are the phases/stages of the process of conceptual
change?
What is the sequence of the phases/stages of the process
of conceptual change?

The aim of this paper is to compare processes of
conceptual change underpinning the enhancement of
implementation of green energy education and training. Our
motivation here is to identify an efficient process of
conceptual change for the enhancement of implementation of
green energy education and training. The novelty of the
research presented in this paper lies in the formulated
implications for research and practice devoted to the efficient
implementation of green energy education and training.
Comparative analysis in the present paper assists in the
discovery of patterns [5] of processes of conceptual change.
The present comparative analysis is carried out within a
comparative study.

2)

3)
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The remaining part of the paper is organised as following:
Section Il introduces the design of the comparative study.
Section 111 presents a couple processes of conceptual change
found in scientific literature. Section VI demonstrates
findings of the comparative analysis. Section V delivers
implications for research and practice devoted to the efficient
implementation of green energy education and training.
Finally, some concluding remarks are provided followed by a
short outlook on interesting topics for further work.

The present part of the paper demonstrates the design of
the empirical study.

Comparative study as a qualitative research design has
been employed [6]. The exploratory type of the comparative
study has been applied [7]. The exploratory type of the
comparative study aims to generate new hypotheses and
questions [7]. The exploratory methodology proceeds as
follows [7]:

DESIGN OF THE COMPARATIVE STUDY

1) ‘conceptualization’ in Phase 1,

2) detailed description of phenomena to be investigated,
with full attention paid to the contexts in terms of its
historical, geographical, cultural, political, religious,
and linguistic (etc.) features in Phase 2,

3) the data collection in Phase 3,

4) explanation through the development of hypotheses
and/or research questions in Phase 4,
re-consideration of the initial questions and application
of the findings to other situations in Phase 5.
The exploratory methodology of the empirical study
proceeds [8]
1) from exploration in Phase 1
2) through analysis in Phase 2
3) to hypothesis/research question development in Phase 3.
The data were collected in the scientific literature devoted
to conceptual change available on the Internet in October
2019. The data description was based on the term definition
to be considered as the statement of the phenomenon notion,
elements and process [9]. The collected data were processed
via structuring and summarizing content analysis [10]. The
collected data is interpreted by the researcher(s) of the
present investigation as the interpretive paradigm proposes
[11].

5)

I1l. PROCESSES OF CONCEPTUAL CHANGE

The present part describes processes of conceptual change
collected in scientific literature.

Table | shows a couple of discovered patterns of concept
notions and concept structures in relation to the data
description method used in the present research.

TABLE I: CONCEPT NOTIONS AND STRUCTURES IN SCIENTIFIC LITERATURE

Scientific approach Ontological approach

Epistomological treatment

Educational theory Multidisciplinary approach

Concept notion Concept, as defined by cognitive
psychologists, are intricately
linked with the notion of
categories. One can represent,
understand, and interpret
concepts in the context of their

category membership [12]

A concept is, or may be
represented as, an intension,
i.e., as a function mapping
possibilities to appropriate
extensions [13].

Concepts present forms
or levels of knowledge

(1]

Concepts represent content

[31.

Concept structure Two separate elements [12]: Three separate elements Two inter-connected elements [14]:
1.Nawe knowledge or prior [13]: 1. Scientific concept
conceptions or misconceptions  1.Philoso-phical concepts 2. Spontaneous concept
as well as 2.Individual concepts The Vygotsky’s elements were extended by
2.Science concepts 3.Empirical concepts quasi-concept [15].
TABLE Il: SCHEME FOR CONCEPTUAL CHANGE BY STEPHANS [16]
Step Purpose Activity

1.Commit to outcome
beliefs

2.Expose beliefs
and large groups

3.Confront Beliefs

Purpose: to help students become aware of their own

Purpose: to help students talk about their beliefs in small

Educator presents a situation either by posing a question,
presenting a challenge or asking students to make a
prediction. Students are asked to commit to an outcome
Based on the initial step, teacher can ask students to share
their idea verbally with a partner, a small group or the whole
class or describe an idea in writing (data sheet or learning
log)

4.Accommo-date the

concept

5.Extent the concept

6.Go beyond

Purpose: to provide experience in which students can
test their beliefs through activity, talk and writing

Purpose: to help students resolve conflicts between his
or her ideas and beliefs and what has been observed or
presented

Purpose: to provide situations including personal and
daily life in which students can extend concepts or ideas
to new situations

Purpose: to encourage students to continue thinking
about the concept by pursuing additional questions or
problems of interest

Students have an opportunity to confront their beliefs by
engaging in a hands on activity in small groups, debating
ideas, conduct inter-views, or reading

In this phase educator asks questions based on the activity to
help students explain their observations and to make sense of
their data

Educator helps students to apply their ideas to other
situations including daily life

The key to this last phase is to extend students’ thinking
about the topic. Asking students to pose additional
questions, to bring in examples of phenomena related to the
topic are ways to go beyond

A couple of scientific works addresses the issue of process
of conceptual change. Process of conceptual change is
defined by Chi and Roscoe [12] as the shift of concepts
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across ontological categories and/or boundaries. Spohn [13]
proposes various stages of a concept (It means that
philosophical, individual and empirical concepts can have
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various stages of their change). What is important Spohn [13]

emphasizes that concepts have to be shared by the

community (shared concepts). The scheme for conceptual

change by Stepans [16] as highlighted in Table 1l promotes

learning for all students and helps educators to recognize and

to incorporate students’ prior knowledge into their teaching.

Stepans suggests the following stages for conceptual change

[16]:

1) Help students to become dissatisfied with their existing
conception,

2) Help students to achieve a minimal initial understanding
of the scientific conception,

3) Make the scientific conception plausible to students,

4) Show the scientific conception as fruitful or useful in
understanding a variety of situations.

However, the scheme for conceptual change by Stepans
[16] as shown in Table |1 provides the implication of science
knowledge on the social plane forgetting about vital necessity
of development of the system of external and internal
perspectives [17]. In turn, concept formation by Vygotsky
includes the unity of scientific (academic) and spontaneous
(everyday) concepts and proceeds from scientific (academic)
to spontaneous (everyday) concept [14], [15], [18].
Vygotsky’s concept formation was further enhanced by
ZasCerinska [17] with quasi-concept proposed by Robbins
[15] and resulted first in three phases of the process of
conceptual change.

IV. FINDINGS OF THE COMPARATIVE ANALYSIS

Comparative analysis allows describing patterns of the
process of conceptual change to be such as

e asystem process as its properties are linked,

e acomplex process as its elements are intertwined,

e a linear process as it proceeds from one stage/phase to
another,

e acyclic process as it can be repeated,

o of social nature as it changes within and by society and/or
community (“shared concepts” by Spohn [13],

e of bi-module nature as it includes both external
(scientific/academic concepts) and internal (spontaneous
concepts) perspectives [17].

Later, the three-phase process of conceptual change was
modernized to the five-phase process of conceptual change

[17] as illustrated in Fig. 3.

V. IMPLICATIONS FOR RESEARCH AND PRACTICE

Such implications for research on the processes of
conceptual change are identified as the process of conceptual
change has become a many-fold phenomenon, is becoming a
complex (linked and intertwined elements) phenomenon,
being a complex phenomenon requires the application of
innovative paradigms and approaches for theoretical analysis,
investigation could be based on novel principles of analysis
such as the system of external and internal perspectives.

Implications for practice of green energy education and
training include such recommendations as
1) While implementing green energy education and training

teachers have to follow the three phases of the process of
conceptual change:

o from scientific concept

¢ through quasi-concept

e to spontaneous concept.

2) The phase of scientific concept is relevant to teaching,
quasi-concept - to peer-learning, and spontaneous
concept — to learning.

3) All the three phases of the process of conceptual change
are important. That means that, despite the growing
popularity of peer-learning that prevails in modern
organization of the educational process, all the three
phases should be included in the process of conceptual
change (from scientific concept through quasi-concept to
spontaneous concept).

4) The education and training process should follow the
indicated sequence of phases of the process of conceptual
change: from scientific concept through quasi-concept to
spontaneous concept.

5) Moreover, the recommendation here is the role of
teachers as mentors for students’ self-discovery and
self-realization; to motivate students, to stimulate their
interests, to help them to develop their own structure and
style, as well as to help them to evaluate their
performance and be able to apply these findings [19].

6) In order to provide each student with the opportunity to
construct his/her own concept of green energy, the use of
communication games, information-gap activities, role
plays, simulations, dialogues, prepared talks and
discussions has been recognized efficient for the process
of conceptual change in the green energy education and
training [16].

Conceptual change

Phase 1
Scientific
/academic concept

Phase 2

Scientific
/academic concept
with elements of
quasi-concept

Phase 4

Quasi-concept
v with elements of
spontaneous
concept

Phase 5 /

Spontaneous concept

Phase 3
Quasi-concept

Fig. 3. Five phases of the process of conceptual change [17].

VI. CONCLUSIONS

The comparative analysis carried out within the
comparative study allows identifying such patterns in the
process of conceptual change as
e 4 system process,

e acomplex process,
o alinear process,
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o acyclic process,
¢ of social nature,
o of bi-module nature.

These patterns in the process of conceptual change provide
the substantial basis for the enhancement of the
implementation of green energy education and training
from the contemporary mostly peer-based process of
conceptual change as well as education and training,
to the three phases of the process of conceptual change:

a) from teaching scientific concepts

b) through peer-learning of quasi-concepts

c) to learning of spontaneous concepts.

The newly formulated research questions has been put
forward: Is the process of conceptual change implemented in
three phases (from teaching scientific concepts through
peer-learning of quasi-concepts to learning of spontaneous
concepts) in green energy education and training efficient?

The present work has some limitation. The
inter-connections between notion, elements and process as a
definition have been set. The limitation is the analysis of
scientific literature devoted to conceptual change available
on the Internet. Another limitation is the analysis of scientific
literature devoted to conceptual change available on the
Internet only in the selected languages, namely English,
Russian and Latvian.

Further work will focus on the validation of the model of
the enhanced implementation of green energy education and
training in the three phases: from teaching through
peer-learning to learning. Implementation of green energy
education and training in the three phases (from teaching
through peer-learning to learning) in different cultural
environments will be compared, too. Search for innovative
paradigms, approaches and principles to construct the
process of conceptual change will be carried out. Discovery
of patterns of the process of conceptual change as well as
green energy education and training will be continued.
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