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In article the problem solving method of universal educational skills formation of pupils at a physics lesson are 
described. Special attention is given to the acquisition process of the elements of physical knowledges, the activity 
on recognition and simulation of certain situations are to be carried out on the basis of them. Recognition of the 
situations corresponding to some concept or scientifi c fact is carried out in strict compliance with the system of the 
necessary features, included into the concept. Method proposed of organizing pupils’ activity for new knowledge 
acquisition with reference to the theory of step by step mental actions forming which promote development of their 
universal educational actions.
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The current stage of the society develop-
ment is characterized by considerable changes 
in the ideas of the goals of education and ways 
of their accomplishing. Considering the result 
of education not as a sum of domain knowl-
edge, but as a system of skills, allowing act-
ing in any situation, sets new reference points 
for contemporary school-level education that 
must create the conditions for the development 
of universal educational actions. Universal 
educational actions are understood herein as a 
complex of the ways of pupils’ actions, provid-
ing independent acquisition of new knowledge, 
forming the skills, including the organization 
of the process. The universal character of the 
educational actions lies in their being meta-
subject, so they must be formed while studying 
different school subjects. 

Among universal educational actions it is 
necessary to form particularly the cognitive 
universal actions, namely, general educational 
(independent distinguishing and forming of a 
cognitive goal; structuring of the knowledge; 
choosing the most effi cient ways to solve a 
problem depending on the particular condi-
tions, etc.) and logical (analysis aiming to dis-
tinguish features, choosing the bases and crite-
ria for comparison and classifi cation of objects, 
identifi cation of the concept, making chain of 
logic reasoning, etc.).

The process of knowledge acquisition al-
ways means that pupils perform certain educa-
tional actions. That is why while planning the 
acquisition of any knowledge it is necessary to 
defi ne within which activity (in which skills) 
the pupils must use it, what the purpose of ac-
quiring it is. Besides, a teacher must be sure 
that pupils have mastered the whole system 
of actions comprising the skill of studying re-
quired in this case [7]. 

The present methods of teaching certain 
school subjects do not involve teaching pu-
pils how they should draw up their activity 
programme on the basis of the knowledge that 
must be acquired. 

Every pupil masters this activity, and con-
sequently acquires the knowledge, spontane-
ously. At the same time a teacher can and must 
control the acquisition of the knowledge by 
controlling the forming of those types of activ-
ity which are to be carried out on the basis of 
this knowledge. 

Each element of the physical knowledge is 
connected with two types of activity: on rec-
ognition and on simulation of certain situa-
tions. The programme of these types of activity 
is based on the content of the corresponding 
knowledge [1].

The following elements can be distin-
guished among the physical knowledge: con-
cepts, laws, scientifi c facts, theories. Concepts 
are divided into concepts of physical objects, 
physical phenomena and physical magnitudes. 

Pupils must acquire the elements of physi-
cal knowledge by carrying out certain activities, 
connected with recognition and reproduction of 
them in certain situations. This implies that to 
organize such an activity, problems-exercises 
are required, the tasks of them must specify the 
goals which make the pupil carry out the activ-
ity on recognition or simulation of certain situ-
ations. The problems-exercises are solved with 
reference to some physical knowledge that 
enables the pupils to understand the essence 
and digest the content of the new knowledge as 
contrasted with the complex problems, where 
the whole attention is paid to the physical con-
tent and so the aim is not achieved. However, 
the problem books recommended to the pupils 
contain a few problems-exercises, so teachers 
have to write them themselves.

To acquire some physical knowledge a pu-
pil must carry out the same activity in differ-
ent situations, the following requirements to be 
satisfi ed:

1) the situations must be interesting to the 
pupils, physical knowledge must be applied in 
solving important problems;

2) the number of the situations must be about 
8–10. This is in full compliance with the data of 
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psychological researches saying that to master an 
activity one must perform it at least 8 times;

3) the situations must be of three types:
a) have the features of the concept they are 

brought to;
b) not have some of the features, c) have 

some indefi nite features;
4) the situations can be described verbally, 

presented in the form of drawings, graphs or 
tables;

5) the situations must be arranged in such a 
way that the situations which differ from each 
other were in the beginning, followed by more 
similar ones;

6) situations in which pupils can carry out the 
activity with the real objects are quite valuable.

For example, when a teacher gives pupils 
the task «to reproduce the diffusion phenom-
enon, choosing the necessary objects», the fol-
lowing sets of objects are offered: 

a) a glass of water; strawberry syrup; 
b) a bottle of perfume; 
c) an aluminum spoon, a glass of hot water; 
d) a glass of water, potassium permanga-

nate, a glass stick etc. 
The peculiarity of all the mentioned exercises 

is that the programme of the activity on achieving 
the goal, that was stated in the requirements of the 
problem, is elaborated on the basis of the knowl-
edge, which is stated in the goal.

Activity on recognition in logics is called 
concept identifi cation. This activity has a very 
strict logic scheme explained by the content of 
the notion «concept identifi cation»: concept 
identifi cation means defi ning if the situation 

(object, phenomenon) involves all the features 
stated in the defi nition of the concept. 

For this reason, it is required:
1) to name the concept to be identifi ed in 

the given situation;
2) to give the defi nition of the concept;
3) to defi ne the features of the concept; 
4) to name the fi rst feature;
5) to defi ne if the situation possesses the 

feature;
6) to name the second feature;
7) to defi ne if the given situation possesses 

the feature;
…
n) to formulate the conclusion.
There is a logical rule of drawing conclu-

sions: the situation only suits the given concept 
in case it possesses the whole system of the nec-
essary and suffi cient features, included into the 
concept [7]. If it lacks at least one of them, it 
cannot belong to this concept. If it is impossible 
to defi ne if the situation has or lacks some fea-
ture, the answer remains uncertain even in case 
all other features are present: it cannot be stated 
if the situation belongs to the concept or not. 

Recognition of the situations correspond-
ing to some concept (or scientifi c fact) or an-
other is carried out in strict compliance with 
this logic scheme. In addition, the method of 
analyzing the situations while identifying if 
they possess the features of the concept is de-
termined by the content of the certain concept. 

Example. The task is «to identify if there is 
a phenomenon of electrostatic charging of bod-
ies in certain situations». 

To fulfi ll this task it is required:
1) to name the concept to be identifi ed in the 

given situation: electrostatic charging of bodies;

2) to give the defi nition of the concept: 
electrostatic charging of bodies is a phenom-
enon, implying that if two bodies are in contact 
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or rubbing each other, they both acquire the 
ability of attracting other bodies;

3) to defi ne the features of electrostatic 
charging of bodies: I – involvement of two 
bodies, II – the two bodies are in contact or 
rubbing together; III – the two bodies acquire 
the ability of attracting other bodies; 

4) to name the fi rst feature: two bodies 
must be involved;

5) to defi ne if there are two bodies in the 
situation;

6) to name the second feature: the two 
bodies are in contact or rubbing together;

7) to defi ne if the two bodies are in con-
tact or rubbing together;

8) to name the third feature: acquisition 
by the two bodies the ability of attracting oth-
er bodies;

9) to defi ne if the two bodies acquired the 
ability of attracting other bodies;

10) to formulate the conclusion.
This example illustrates that an action 

on recognition has two elements: logical one 
(general logical scheme of the activity) and 
conceptual one (way of analyzing certain situ-
ations to defi ne if they have the features stated 
in the concept). 

To know the structure, functions and ba-
sic features of the action allows to model the 
most rational types of cognitive activity and 
to select requirements to them in the end of 
the study course. The theory of step by step 
mental actions forming distinguishes fi ve 
stages in the process of acquiring crucially 
new actions [2]. 

It is rational to start teaching any new ac-
tivity with setting a problem that requires this 
activity. Thus, a motivation stage is fi rst or-
ganized; at this stage it becomes necessary for 
the pupils to recognize or simulate a certain 
situation. 

The next stage is drawing up a scheme 
of the approximate basis of actions. For 
this purpose it is required to set the system 
of necessary and satisfying features, which 
characterize certain phenomena, and show 
how one should defi ne the presence or lack 
of the chosen system of characteristics and 
make the appropriate conclusion. Then pupils 
should elaborate the way of solving a par-
ticular task in a generalized form. This stage 
provides preliminary insight into the activity, 
understanding of its logic, but to master this 
activity one must carry it out independently 
for several times leaning upon the acquired 
knowledge. 

Then the stage of performing the activ-
ity in the material form follows. Beside the 
way of performing the exercise pupils must be 
provided with the system of tasks where this 
activity must be carried out. It is advisable 

that in the situations 1 and 2 there should be 
an opportunity to carry out the activity manu-
ally, applying certain objects and equipment. 
In that case the pupils will remember not only 
the features of the concept and the logical rule 
of the concept identifi cation, but will be able 
to apply them both, i.e. they will master one 
of the logical methods of work with the con-
cept. At this stage it is important to control 
not only the fi nal result of the activity, but to 
observe the correct implementation of each 
action. At this stage the simultaneous work 
of all the pupils is organized. Each of them 
performs the actions and shows the result 
to the teacher. 

The next stage is the stage of verbal ac-
tions. The new character of their work is ex-
plained to the pupils – in pairs, where one of 
them is a pupil and the other is a teacher. The 
exercise is done in the context of 3–4 situ-
ations with the action being performed in a 
form of speaking aloud without any materiali-
zation tools.

When pupils master the activity in this 
form they should be allowed to work individu-
ally without leaning upon the way of the exer-
cise performing and without reasoning aloud, 
i.e. they are taken to the stage of argument to 
themselves. This stage is characterized by the 
pupils’ commenting the whole process, like in 
the previous stage, but to themselves, silently. 
The pupils should perform the exercise in the 
context of the situations 5 and 6, saying to 
themselves not only the name of the action, 
but the way of its being carried out. The con-
trol is effected on the basis of the fi nal result. 
This is a transitive stage to the last one – the 
stage of the mental actions. In this fi nal stage 
the activity is being generalized, shortened 
and automatized. Exercise in the context of 
situations 7 and 8 can be treated as a control 
one. The pupils can be asked to do it very 
quickly. 

To manage the pupils’ cognitive activ-
ity on acquisition of physical knowledge we 
have elaborated a new didactical tool, which 
presents tasks on application of knowledge, 
at least 8 certain situations are selected for 
each task and ways of fulfi lling the tasks are 
defi ned in a generalized sense. It is called 
«Physics workbook» and is designed for ac-
quisition of principal physical notions, laws 
and scientifi c facts by pupils [6]. The title of 
the handbook underlines that pupils use it at 
the lessons, but it does not substitute a Phys-
ics copybook, where the pupil takes notes 
while acquiring new physical knowledge, im-
plementing practical work [3, 4, 5]. The pu-
pil carries out some different activities in it: 
draws up a programme for the tasks fulfi lling 
in a generalized way, trains many times in its 
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implementing while recognizing or simulat-
ing certain situations, solving problems-exer-
cises, explaining phenomena.

Situations of the tasks are interesting to 
the pupils, for they allow them to apply the 
knowledge of Physics in tackling practical 
problems. Computer lends invaluable support 
in elaboration of such didactical tools, for it 
helps to form a bank of problems-exercises 
in all the topics of the school-time Physics 
course. This facilitates the preparatory work 
of a Physics teacher, as there is a possibility 
of immediate access to didactical tools, ena-
bling to organize the process of acquisition of 
physical knowledge.

The method described of organizing pu-
pils’ activity in the stage of application of the 
knowledge allows pupils not only to acquire 
some new knowledge at a lesson without any 
particular overlearning, but to develop their 
universal educational actions.
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