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Technological and methodological aspects of the acquisition of concepts in
the process of physics education
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The current paper analyzes some aspects of the problem of forming a concept structure in physics education in secondary schools
as a key factor for the quality of the knowledge being acquired. Specific ideas which help the solution to this problem are presented.
They refer to the different aspects of the technology and methodology of education, they comply with the current educational trends
and together with that they accentuate on the ways of increasing the motivation and cognitive development of students.
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INTRODUCTION

One of the most significant tasks of modern
physics education is for the students to acquire a
knowledge system of physics comprising the basic el-
ements of scientific cognition such as concepts, laws,
principles, models, theories, and ideas; students are
expected to acquire the aforementioned by means of
relations and connections which unite them and make
them one whole. It is a well-known fact that con-
cepts are the smallest units in the knowledge system
of a science. They present the general and signifi-
cant properties of objects and phenomena in reality.
Furthermore, it is namely the process of formation of
conceptual structure in a certain school subject train-
ing that forms the foundation of the cognitive devel-
opment of students, viewed from a psychological as-
pect. Therefore, the successful solution to this prob-
lem is a key factor for the quality of students’ acquired
knowledge.

Striving against the constantly decreasing interest
in studying physics, teachers, in their work, search
for and apply various methods, ways and means of
increasing the cognitive activity of students. How-
ever, the result is not always positive. For one rea-
son or another, one of the preconditions for that, is
the fact that not enough attention is paid to the prob-
lem of concept formation in the course of studying.
Consequently, different aspects of formalism may be
found in students’ knowledge: memorizing without
comprehension; inability to use the learned material
for explanation of real phenomena; complete break
between knowledge and reality.
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From a pedagogical and psychological viewpoint,
the learning process is comprised of “three units:

e The student’s knowledge as a product of their

education;

e The mental processes by means of which a cer-
tain result is achieved;

e The property of the student’s reasoning charac-
terizing their cognitive development” [1].

This means that the thing to be sought for in edu-
cation is the balance between the result and the pro-
cess of its achievement. Observations, however, show
that the emphasis is put on what and how much is ac-
quired, rather than on how it is acquired. The thing
that is of great importance is the “correct answer” of
the students as a proof of success [2], whereas the is-
sue of what actually happens in their mind, what their
personal attitude is towards the experience acquired
remains in the background.

It is also important to mention that during the pro-
cess of knowledge (concept) acquisition, several as-
pects which are correlative can be categorized, and
special attention is to be paid to them in school work:

e Perception (initial comprehension of the mate-
rial);

e Rationalization;

e Reassertion;

e Mastery (usage of the material in different sit-
uations, practical application of the acquired
knowledge) [3].

The rational organization of the teaching process
makes it necessary for the teacher to search for an-
swers to numerous important questions:

1. What is to be done in order to support the ini-

tial acquisition of the new school material and,
parallel to that, to facilitate as much as possible
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its full comprehension in the process of acquisi-
tion? Because, “the acquisition of the material
taught is always determined by these precondi-
tions which have been formed up to its compre-
hension and are also formed in the very process
of comprehension” [3]. In this sense, the new
school material is to be presented, on the one
hand, as a part of a certain knowledge system,
i.e. to justify the necessity for its acquisition;
and on the other hand, its significant items need
to be clearly shown as well as the logical con-
nections with the already learned material to be
seen. Therefore, the foundations of compre-
hension and permanent learning of the material
are laid precisely at the initial acquaintance of
the students with it.

2. What additional work is to be done in order to
further reveal the contents of the school mate-
rial in detail? The result of that is strongly in-
fluenced by the features and quality of explana-
tions the teacher gives in the process of study-
ing. These explanations are to be built and an-
alyzed from a psychological viewpoint and the
possibilities should be recognized for their re-
membering. This is how the matter of repeti-
tion in the school process arises, with the ac-
cent put not on the simple mechanical repro-
duction, but on such repetition of the material
which is related to its recurring, remodeling,
understanding and even re-understanding. This
is the way to successfully influence not only
the comprehension of the school material but
also the permanent “engraving” (reassertion) of
knowledge in students’ minds.

3. What specific work is to be done in order to
form the students’ ability for practical applica-
tion of knowledge, namely the ability to operate
with the acquired material in various theoretical
and practical situations, assigned through con-
crete cognitive problems? In this case the basic
aim is for students to get involved into active,
life-motivated activity, where the formation of
practical abilities and habits is combined with
the acquisition of new aspects, new characteris-
tics of already acquired competences, with the
result of these competences to be turned into a
means of knowledge.

The analysis of the examined theoretical formu-

lations shows that what is of great importance for
the adequate and permanent acquisition of knowl-

edge (concepts) in the process of physics education
is not only the way of elaborating the school mate-
rial but also the characteristics of the cognitive ac-
tivity which students are involved in. These are ba-
sic factors which show to what extent students can
master mental processes, such as analysis, synthe-
sis, comparison, systematization, disregard, general-
ization, concreteness, without which the acquisition
of knowledge is impossible. This is so because in or-
der to be acquired knowledge needs to be understood
first, and the way scientific information is processed
in students’ minds lies in the basis of understanding,
that is, all in all, understanding is directly connected
and dependent on the level of formation of the scru-
tinized cognitive operations. Therefore, concept ac-
quisition in physics education has inevitably to be a
result of purposeful and various cognitive activities of
students, whereas the way teachers create the neces-
sary conditions for that depends on their profession-
alism and their ability to be innovators and creators in
school work.

PRACTICAL ASPECTS OF CONCEPT ACQUISION

Teachers can obtain some very useful feedback
about how their students acquire concepts if they
carefully analyze the mistakes they make in differ-
ent school situations. One can, for example, assign
the following task: A motorcyclist has passed the first
half of a certain distance with speed rate of 30 m/s,
and the second half — with 15 m/s. Find the average
velocity of the motorcyclist. Observations show that a
great number of students immediately give the wrong
answer, which is 22.5 m/s, without preliminary ana-
lyzing the task in advance. What they do is calculate
the average velocity, corresponding to the separate
distances. This very simple example makes it possible
to draw several conclusions. It is obvious that the stu-
dents do not understand the concept average velocity.
This is the reason why students cannot distinguish be-
tween the above mentioned concept and the concept
arithmetic mean of velocity and therefore experience
difficulty applying it in the new conditions given in
the physical situation in the problem. What one can
see is a considerable blunder in teachers’ work: they
have not done the necessary, they have not created
the preconditions which contribute to the perception,
rationalization, understanding and reassertion of the
concept; and, naturally, students cannot operate with
it, they have problems with its practical application.

The first step teachers can perform in such a situ-
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ation is to ask their students to give a definition of the
concept of interest. This includes a concrete verbal
formulation of the concept as well as a written defini-
tion of the formula. It is appropriate for the analysis
to be like a discussion where the whole class partic-
ipates. This situation will help the teacher to notice
the failures of their students because this activity will
result in finding those who: give a concrete definition
of the concept verbally, but cannot write the formula
which defines it; write the definition formula correctly
but cannot explain the concept; define the concept im-
peccably not only verbally, but also using the formula.
Naturally, there are cases of students who cannot per-
form either task. Then, analogically, the basic idea of
the concept arithmetic mean of velocity is to be clar-
ified and after that to start solving the problem and it
is again advisable that each step be discussed with the
whole class. It is essential, in the end, that the teacher
accentuate on the following: calculating the average
velocity as the arithmetic mean of the average veloc-
ities, corresponding to different parts of the motion,
without any connection with the definitive formula of
this physical quantity, means to transfer incorrectly
the mathematical concept arithmetic mean of several
numbers to the context of a particular physical prob-
lem.

Therefore, a question arises: What can teachers
do in order to restrict the occurrence of such mis-
takes? Firstly, they should think carefully about the
way to introduce each concrete concept. In accor-
dance with [4] for most concepts that are taught at
school, it is most useful for a definition to be given
fist, followed by several examples and then the defi-
nition should be elicited again, showing how the ex-
amples characterize the definition. Therefore, in this
particular case, the teacher should perform the follow-
ing actions: substantiating the necessity to introduce
the concept average velocity as a characteristic of non
uniform motion; giving a concrete definition of the
concept with words and a definition formula; show-
ing examples of non uniform motion, connected with
the calculation of average velocity; going back to the
definition and accentuating on the physical sense of
the definition formula.

From a psychological viewpoint, it is of great im-
portance for the thoughts of the students to be brought
back again to the acquired concept at the later stages
of the study process. These phenomena are also
known as current and general repetitions. In order
to show the current repetitions, the teacher should
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choose informative problems which require the use
(application) of the concept in various physical situa-
tions, different from those the concept was initially in-
troduced in. In this way, the redefinition of the studied
material is realized, but this happens under new con-
ditions and the necessary prerequisites are met for the
detailed understanding and reassertion of knowledge.
The general repetitions are related to the systematiza-
tion of concepts. In this particular case, this means
that the relations and inter-dependence between the
concept average velocity and all other kinematic char-
acteristics of motion are to be shown. Therefore, the
above presented problem can be given to students to
solve at a later stage of their study process as an el-
ement of current repetition. This can be done after
teaching the uniformly-variable motions when stu-
dents already know that with this type of irregular mo-
tion the velocity changes with one and the same value
for equal intervals and therefore the average velocity
can easily be calculated in another way using the def-
inition formula: it is equal to the arithmetic mean of
velocity at the beginning and velocity at the end of the
considered interval. At that stage it is appropriate for
the teacher to check the extent to which students are
prone to make the mistake mentioned above.

It is important to point out that the choice of this
example is not arbitrary. It directs the attention of the
teacher to the opportunity to use comparison as very
helpful practice for formation of concepts. What is
more, in this specific case, the matter concerns the
comparison of concepts from different subject areas
— physics and mathematics; and it is well-known that
the math preparation of students is of primary impor-
tance for physics education. That is why, finding and
analyzing the relations and dependence between such
concepts has to be a compulsory element in the teach-
ing process.

Other recurrent mistakes may be stated if students
are given various problems requiring classification of
already studied concepts. This method is very pro-
ductive for physics education because “classification
is what gives our way of thinking strictness and con-
creteness” [5]. For example, the teacher can prepare a
number of concepts and ask students to analyze them
in two groups: concepts of physical phenomena and
concepts of physical quantities. The result of this
activity mostly depends on the extent to which stu-
dents are ready to answer the question: What is nec-
essary to know about physical phenomena and phys-
ical quantities? It is an irrefutable fact that student’s
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course books do not give a definition to these con-
cepts and teachers do not pay such close attention to
them, as they presume that their idea can be clarified
only by means of concrete examples. The frequency
of students’ mistakes, however, shows that this is not
enough. How can one help the solution to this prob-
lem? Talking from a psychological and methodologi-
cal viewpoint, it is helpful for the teacher to use gen-
eral didactic models in the teaching process. These
models reflect the specific logical structure of the ac-
tivity employed in acquiring each of the examined el-
ements of the scientific knowledge and play a vital
role as an outer support in the formation of the in-
ner mental processes of students. For example, the
summary of a physical phenomenon studies shows the
structure typical of phenomena studies in science, and
it consists of the following steps [5]:

1. Finding the external characteristics of a phe-
nomenon.

2. Clarifying the conditions under which it occurs.

3. Analyzing the phenomenon in laboratory envi-
ronment (if possible) or getting acquainted with
the results of such analysis.

4. Defining the physical quantities which charac-
terize the phenomenon and presenting the con-
nections between them (by means of formulas,
graphs, etc.).

5. Defining the phenomenon (clarification of the
essence of the phenomenon, its inner course on
the basis of popular physical theories).

6. Clarifying the connections between a given
phenomenon and others.

7. Scrutinizing the most important uses of the
phenomenon in practice.

The summary of quantity characteristics of physi-
cal objects studies, which is physical quantities, con-
sists of the following steps [5]:

1. Clarifying what property of the physical object

characterizes a given quantity.

2. Giving the definition of the term quantity.

3. Writing of the definition (definite) formula.
Finding out whether the quantity is basic or
derivative, whether it is a vector or scalar quan-
tity.

4. Revealing the physical sense of the quantity.

5. Defining the measurement units.

6. Clarifying the ways of measurement (measure-
ment procedures).

Importantly, it is not enough for these general

schemes to be merely explained to the students. It

is necessary for the teacher to show how the schemes
are applied in practice, i.e. to present the activity of
concept acquisition of concrete physical phenomena
and quantities. The method of teaching is also of
great importance; the way it comes to realize the sepa-
rate logical steps in the school process in accordance
with their specific traits, enabling students to apply
the examined models on their own, using them as
a point of orientation when acquiring new concepts;
teachers can use these models to check how detailed
students’ knowledge about a certain phenomenon or
quantity is. This is the way to form the necessary pre-
conditions for appropriate grouping of each concrete
physical concept into one of the two categories. In
the language of logic this means the following: suit-
ably realized operation of categorization of concepts
in which the range of the generic concept (the num-
ber of objects included in a given generic concept) is
sub-divided into specific concepts.

Apart from comparison, systematization and clas-
sification, teachers can use another helpful method of
concepts acquisition: put the students in a situation
where they have to determine the difference between
similar concepts [6]. What does that mean? It is fre-
quent practice for teachers to ask the same questions
at different stages of education, aiming at reassertion
of students’ knowledge. An example of this is: Which
process do we call heat transfer? In this situation,
the way the question is asked presupposes an answer
which requires recollection of material taught and in
this case what comes to be examined is the memory
of students. Therefore, even if the answer is correct, it
does not necessarily mean that the concept is under-
stood. However, the situation would be completely
different if the teacher asked the question: What is the
difference between heat transfer and thermal conduc-
tivity? In this case the student’s answer is the result
of specific cognitive activity.

This example shows that it is of primary impor-
tance for the teacher to ask questions which urge stu-
dents to think about the concepts. Furthermore, teach-
ers should stimulate their students to perform this ac-
tion on their own, i.e. students are to generate similar
questions to themselves and to their classmates.

There are exercises, which are interesting and in-
novative, related to the concretization and generaliza-
tion of concepts [6]. These are logical operations of
transition from a generic to a specific concept and
vice versa. Let us say, for example, that the follow-
ing concepts are given: heat transfer; physical phe-

501



R. I. Vassileva: Technological and methodological aspects of the acquisition of concepts in the process of physics education

nomenon; heat phenomena with solid bodies; thermal
conductivity; heat phenomenon. In order for the op-
eration of concretization of concepts to be performed,
they are to be arranged in the following logical suc-
cession: physical phenomenon; heat phenomenon;
heat phenomena with solid bodies; heat transfer; ther-
mal conductivity. The generalization of the concepts
requires that they be arranged in exactly the opposite
succession.

CONCLUSION

It is an unarguable fact that the problem of con-
cepts formation in physics education is extremely
complicated and always of present interest. In order
to solve it, teachers should find the answer to the fun-
damental question: How, or so to say, in what way
are students to acquire systems of scientific concepts
in the school process? This question does not have
an unambiguous answer. It urges teachers to perform
two important tasks: 1) to develop and improve their
knowledge about the problem by getting acquainted
with some basic as well as general theoretical for-
mulations in the field of psychology, logic, pedagogy,
etc. and 2) to search for adequate practical realization
of these formulations in school work, while having
in mind the age peculiarities of students and the fea-
tures of the educational content. In this way, teachers
find themselves in a very complicated situation be-
cause, on the one hand, the theoretical views upon the
subject are diverse and numerous and teachers can-
not easily find their way; and on the other hand, the
solution to the second task makes teachers ask many
additional questions connected with the organization
of the teaching process, the methods of presenting
the school material, the choice of cognitive problems.
Due to the abovementioned issues, teachers cannot al-
ways create favorable circumstances which will con-
tribute to a detailed and permanent concept acquisi-
tion. As a result, they are faced with the respective
negative consequences. Concept acquisition for some
students turns into memorizing words. They do not
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understand the essence of concepts, they find it diffi-
cult to see the connections and dependence between
them and, in the end, students cannot see concepts as
structural elements of a given system. Consequently,
such students are unable to use the systems of con-
cepts when acquiring new knowledge. This is the
path which leads to loss of interest and motivation for
school work and alienation from the school process.

What should teachers accentuate on in the organi-
zation of this complex cognitive activity? They have
to create the necessary environment for multi-faceted
adaptation of the scientific information students ob-
tain during their study process. This means that the
new knowledge (concepts) has to be presented in such
a way that its acquisition demands as much active rea-
soning on part of the students as possible. This is an
effective way of improving the quality of students’
knowledge. On the other hand, during the acquisi-
tion process the change of knowledge is accompanied
by a change in the structure of the mental processes
by means of which these competences are realized.
Thus, teachers can develop the theoretical thinking of
their students.

REFERENCES

[1] B. P. Barhaev, Pedagogical Psychology, Piter,

Moscow, 2007, pp. 6777 (in Russian).

[2] J. Dewey, Psychology and Pedagogy of Thinking,
Labirint, Moscow, 1999, p. 46 (in Russian).

[3] S. L. Rubinstein, Foundations of General Psychol-
ogy, vol. 1I, Pedagogica, Moscow, 1989, pp. 84-93
(in Russian).

[4] R. E. Slavin, Pedagogical Psychology, Nauka i
izkustvo, Sofia, 2004, 291-296 (in Bulgarian).

[51 M. S. Kyuldzhieva, Didactics of Physics in High
Schools, Episkop Konstantin Preslavski UP, Shumen,
1997, pp. 37-38 (in Bulgarian).

[6] A. I. Slavenkov, Psychological Foundations of the
Research Approach to Education, Os-89, Moscow,
2006, pp. 309-328 (in Russian).



R. I. Vassileva: Technological and methodological aspects of the acquisition of concepts in the process of physics education

TEXHOJIOTMYHU 1 METOIMYECKU ACITIEKTU HA YCBOSIBAHETO HA ITOHATHYA B OBYYEHUETO II0
OU3UKA

P. Bacunesa

IIpupodo-mamemamuuecku axynmem, FOzozanaden ynusepcumem “Heopum Pusicku’,
ya. “Hean Muxaiinos” N°66, 2700 Bnazoeszpad, Benzapus

(Pesome)

B moksazia ce aHaAM3MpaT HIKOM CTPaHM Ha MpobjieMa 3a U3rpakJaHeTo Ha MOHATHUITHATA CTPYKTYpa B 06y4eHMneTo 1mo ¢pusmuka B
CPeqHOTO YYMINIIE KaTo KIH0Y0B (haKkTop 3a KAUeCTBOTO HA YCBOSIBAHUTE 3HaHMs. [IpefiaraT ce KOHKPeTHU UAEH, TOAIToMaraliu pela-
BaHeTO Ha TO3U IpobiieM. Te KacasiT OTAEIHM acTIeKT Ha TeXHOIOTHUSITA M MeTOAMKAaTa Ha 06yueHme, Cbo6pa3eH! ca CbC CbBPeMEeHHUTE
06pa3oBaTeTHM TeHAEHIIVY Y [TOCTABSIT aKIEeHT BbPXY Bb3MOXKHOCTHMTE 3a MMOBUILIABaHe MOTUBALIMITA M pa3BUBaHe MUC/IEHETO Ha yue-
HULIATE.
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