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About the analysis of process of the solution of educational tasks

In article the analysis of process of the solution of educational tasks is given. In article it is shown that this
process consists of several stages: understanding of the text, formation of representations or mental model;
formation of physical model and decision. On each of these stages the being trained carries out a complex of
cognitive operations. Formation of mental representation in working memory of the being trained results from
creation of propositional structure of the text. The physical model is created on the basis of cognitive struc-
tures on the basis of private signs of a solved task. Operating by physical models assumes existence at the
student of spatial imagination.
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Important element of training is educational tasks. It is connected with two reasons. First, tasks form
ideas of physical laws, borders of their application, of physical quantities and communications between
them, about the physical principles of functioning of electro technical and electronic devices, semiconductor
devices, etc. Secondly, tasks are a development tool of the person.

To teach to solve problems — the main pedagogical problem. In the course of the decision it is possible
to allocate some stages. The student has to understand the text and statements of the problem. Then represen-
tation, or situational mental model, i.e. interpretation of statements of the problem is formed. Further the
physical model of object or the phenomenon is formed. The mathematical model and the analytical solution
of a task is in summary developed.

On each of the listed stages the student has to carry out the whole complex of informative operations.
Therefore training in the solution of tasks has to make the main maintenance of practical studies.

Educational tasks are a universal object of training as the student masters and processes large volume of
information. Thus division of tasks on «difficult» and «difficult» is today conditional. Uniform approach and
uniform technique of determination of complexity of tasks in scientific literature isn't present [1, 2]. In [2] it
is offered to estimate complexity of tasks of three factors: number of data in a task; number of the elementary
operations which is carried out between a question of a task and the answer to it; and decision structure.
However at all the subjective factor here isn't considered. The perception the student of a task as difficult or
difficult is defined by process-of judgment of its condition. Simplicity or complexity of the solution of a task
depends on how the student analyzes her condition, establishes internal connection of data. By various esti-
mates [2, 3] to 60 % of.impact for efficiency of the solution of tasks has inability of pupils to transfer verbal
information to images.

The problem.of understanding of the text of a statement of the problem also is difficult and has interdis-
ciplinary character. It is a consequence of psychological features of process of training. It should be noted
that unambiguous interpretation of the term «understanding» in literature still is absent [4, 5]. In each subject
domain of training process of understanding has the peculiar features caused by concrete features of a subject
matter. By the text mean active process of the address of experience of the person on the text for the purpose
of development of the contents of the text and the reality described in it.

How there is a process of understanding of the text containing the description, for example, of a physi-
cal task? When preprocessing text the student on the basis of visual and verbal data forms in memory mental
representation of this phenomenon (either problems, or situations) — an intellectual image. If the student
isn't able to imagine a situation in which objects possess properties and the relations specified in the text, he
won't be able to understand the text.

The model of a task is formed as a result of gradual opening of communication this and required in the
task, designated in [6] as «the main relation of a task».

Thus, at the solution of a physical task most important preprocessing of the text and formation of men-
tal model are.
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Text processing and its understanding begin with touch perception. Thus the person is capable to per-
ceive the text only small parts from one — two words. As information processing speed less than a speed of
its receipt, and memory size of the person I am limited, it is necessary to level input and information pro-
cessing speeds. One of ways of decrease in speed of input of information is repetition, at which the pupil
(mentally or aloud) pronounces read, translates touch perception of fragments of the text from a visual form
in audile and motor. «Loop» on which information which hasn't got to short-term memory [7] circulates is
thus formed.

Further transition from touch representation of the text to semantic in which the text is submitted. in the
form of system of values and meanings follows. At first there is an allocation from the text of familiar terms
and concepts which are used further as main for formation of the general sense of a task and a conclusion [8].

At this stage value of control of integrity of the text, internal consistency of sense of a task and‘its.com-
pliance to a source text especially increases.

Then the stage of division of the text on separate elementary semantic units (pro-positions), i.e. portions
of information which can be presented by a simple sentence follows. The offer can be estimated as true or
false.

Necessary condition of understanding of a task is the understanding stage. Process of identification of
relationships of cause and effect is closely connected with this stage between separate pro=positions. These
communications are indistinctly expressed in the text, but can come to light/in conclusions.

Thus, the first action at the solution of a task including physical is a propositional analysis of the text.
But if the student has a small lexicon and there is no experience with texts, the-analysis becomes impossible.
Therefore by drawing up and writing of collections of tasks it is necessary to consider that students on level
of knowledge of language represent non-uniform group. The language form of information transfer in educa-
tional texts has to be simple and effective. Such option is characteristic for the most popular Russian collections
of tasks of physics, electrical equipment, electronics and other technical science [9—11]. Such feature of texts of
tasks is caused by need of minimization of time which spends for judgment of reading separate offers.

Time necessary for formation of mental model, has to exceed time of preprocessing of the text.

Process of formation of situational model also includes some stages. At first data which treat active el-
ements in the text are processed and remembered.Then these to data are attributed concrete values. Further
there is a judgment of the hidden communications and properties of the considered objects which haven't
been described in the text. Thus last experience which contains ideas of objects, the facts and communica-
tions between them in a verbal and figurative form becomes more active.

Processing of arriving information and its understanding happen in parallel. The image of a situation
which collects all information for understanding of the text is as a result formed. Formation of mental model
of a situation happens in the course of judgment of the text and stops after the structure of model becomes
consistent and adequate to the text.

Quality of mental model depends on existence at the student in memory of a necessary set of basic im-
ages. The listed factors make essence of intelligence [8].

Mental images of objects share on two types: reproductive (visual) and images of imagination [7]. Both
visual images, and.images of imagination on complexity of a form and structure are equivalent to real (per-
ceptual) images..Reproductive images are connected with memory. Images of imagination are created on the
basis of the text description, schemes, formulas, the image, etc. Formation of images of imagination in the
course of judgment proceeds under the influence of a task context, i.e. those communications and conditions
which obviously in the text aren't described, but implicitly are present. The understanding of the text and
context of a task has the same value, as well as creation of figurative representations of physical processes
considered in it. If it isn't present, the course and sequence of the decision are formed in the conditions of
uncertainty or lack of basic data. Formation of a paradoxical situation is as a result possible: the student
solves.a problem correctly, but not that which was offered him, and that which it created itself when reading
the text of an initial task. As a rule, surface semantic treatment of a condition is the reason of such substitu-
tion. The model thus is under construction on the basis of templates and the stamps which are forming during
training, at excessive hobby of so-called standard tasks.

Thus, a basis for the solution of a task is the mental model which is created by the student on the basis
of the task text. Thus the student has to possess defined by perceptual experience and nonverbal knowledge
of objects which are considered in a task. The image of a situation which results from interpretation is a basis
for the following operations of thinking according to the solution of a task. In the solution of a task the most
important is process of creation of this image. Therefore the best pupils use the main part of time for judg-
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ment of statements of the problem, formation of idea of a situation and decision planning, and small part of
time use for procedure of the solution of a task [7].

Processing of the text and creation of mental model of a task are connected with each other. Thus the
second is a consequence of the first. The main operation in processing of the text of an educational task is the
analysis. When forming mental model of a situation which is considered in a task, on the first place there is a
concept and synthesis procedure. As a result of association of mental representations the image of an educa-
tional task as complete phenomenon is created. As a rule, information in the text of a task is insufficient to
apprehend a situation. This information needs to be added with the details entered by pupils on the basis of
perceptual experience and knowledge. Thus the initial uncertainty of information necessary for a choice of a
way of the solution of a task is eliminated.

For all physical (and not only) educational tasks one general feature is characteristic: their objects are
structured and possess system signs. The student at a stage of creation of an image of object of a task makes
reflexive [12] transition to its description as systems. It is thus important to differentiate levels of a structure
of object, their structure, the relation. The image of the physical phenomenon not always is visual, but idea
of it as about set arises on the basis of cognitive structure.

Internal stable psychological systems of representation of knowledge which are at the same time sys-
tems of the analysis of information treat cognitive structures. Cognitive structures include base of empirical
knowledge of the surrounding subject world. Concrete knowledge of the facts, laws, the phenomena has to
develop on the basis of these structures. They form a stable basis of dynamic processes of the analysis, syn-
thesis, abstraction and generalization [8].

Schemes of knowledge as elements of cognitive structures define a way of interaction studying with en-
vironment (Piaget). Development of the student is a consequence of congenital aspiration to make use of the
experience for achievement of the maximum adaptation to environment. It is promoted by two main process-
es: assimilation and accommodation. Assimilation allows reacting to environment on the basis of experience
and existing cognitive schemes. Accommodation or change of mental structures happens at emergence of a
cognitive imbalance when existing knowledge doesn't allow reacting to external incentive adequately.

The active role in interaction with environment belongs to the subject of knowledge (to the student, the
pupil). In this case forecasting or planning of reaction of environment and its analysis is possible. Thus, a
driving force of cognitive development is the aspiration of the pupil to dynamically equilibrium state in the
course of vigorous activity. And formation and development of cognitive structures possibly in the condi-
tions of a cognitive imbalance, in the presence of certain contradictions between influences of environment
and cognitive structures. Such situations arise both in practical activities of the pupil, and in the course of
training.

Representation of physical knowledge is carried out by difficult cognitive structures. These structures
represent physical models and deseribe real material objects and their interactions among themselves and
environment [3]. Formation/of physical models happens in the course of practical activities and as a result of
the academic training. In the first case their value is limited to private practical tasks. The models resulting
scientific researches, are elements of public knowledge.

The physical model of object differs from its mental image the following signs:

— metric properties;

— determinism of changes and dynamic characteristics;

— spatial characteristics;

= differential and integrated properties.

As metric properties of model understand physical quantities which describe properties of model. The
determinism of changes and dynamic characteristics of model are caused by changes of physical quantities as
a result of interaction of components with each other and with environment. Spatial characteristics of model
fix its own spatial properties and the relations with other objects.

Use of physical models assumes high level of spatial thinking. In the course of the solution of a physical
task difficult physical models are formed of the mental image created on the basis of a statement of the prob-
lem, or of simple physical models during their transformations. Thus training is always directed from objects
less differentiated to objects more differentiated that corresponds to the principle of system differentia-
tion [8, 11].

The essence of mathematical model is made by mathematical communication between physical quanti-
ties and their changes. In the course of the solution of a physical task this stage is possible after formation of
mental situational model, it’s possible transformation and creation of physical model.
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JI.B.Yupxosa, K.T.EpmaranGetoB, E.T.ApunoBa

EcenTi memy yaepicin Taanay

Makanana ecenti ety yzaepici Tanganran. OHbI WapTThl TYpAe OipHelne caTbira 6esyre 0oiambl: ecenTiy
Ma3MYHBIH, IIapTBIHBIH EPEKIIETIKTepiH MYKMAT Taljal | TYCiHY; €CeNTiH LIapThIHAAFB (PU3MKAIBIK
KYOBIIBICTAp/IBI )KOHE OJIAP/IbIH XKYPY €peKIIeNiKTepiHe aca KoHIT ay/lapy; eCemTi menry OapbiChblH elIecTeTy;
€CeINTi IIeNTy; ecenTi menry GapbICHIHAA albIHFaH JiepeKkTepAi Tanaay. Kenripinren opOip caTbl 6aphIChIHIA
CTYISHTTEP/IH TAaHBIMIBIK MYMKIHJIKTEpi Kamblmracafbl. EcCenTiH Ma3MyHBIHBIH, IIapTHIHBIH epeKIle-
JIKTEpiH Tajnjay OapbICBIHIA CTYAEHTTEPIH TaHBIMABIK MYMKIHIIKTEpI apThIl, JIOTHKAIBIK Oiay Kalirer-
Tepi KeTURipii.

JI.B.Yupxopa, K. T.Epmaran6etos, E.T.Apunosa

K anaju3y mpouecca pemeHus yueOHbIX 3a1a4

ITpoanann3upoBaH MpOLECC peleHust yueOHbIX 3a1a4. [10oKka3aHO, YTO OH COCTOMT M3 HECKOJBKHX CTaJuii:
HNOHUMaHUs TeKcTa, (HOPMHUPOBaHUS OOPA3HOTO IPEACTABICHUS WIM MEHTAIBHOW MOJENH, (OPMUPOBAHUS
(bu3nuecKkoil MOIIENIN M. IOCIETYIOIET0 PEIIeHNs, Ha KaK/IOM M3 KOTOPBIX yYall[UiCs OCYLIECTBISAET KOM-
IUIEKC KOTHUTHBHBIX omeparnuii. OTMedeHo, 4To (opMHpOBaHHE MEHTAIFHOTO oOpa3a B pabouell maMsTH
TIPOUCXOJMT B PE3yJIbTaTe IOCTPOCHHS MPOIIO3UIIMOHHON CTPYKTYPHI TEKCTa Ha OCHOBE MMEIOIIUXCS B ITaMsI-
TH 0a30BEIX CTPYKTYP, MyTeM HX TpaHc(opmaruy mwiim o0beANHEHHUs. ABTOPaMH OIIPEAENICHO, YTO (hu3Mde-
CKasi MOJEJIb CO3JaeTcs Ha OCHOBE KOTHHUTHBHBIX CTPYKTYP IPH HAIENEeHWH WX YaCTHBIMHU IpHU3HAKaMH pe-
maeMoii 3amaun. Jloka3aHo, YTO ONepHUpOBaHHE (HU3NIECKHMH MOJIEISIMH W OTHOLICHHSIMH MEXTy HUMHI
MpeioJaracT HaIMuKMe y CTYJEHTa Pa3BUTOTO IPOCTPAHCTBEHHOTO BOOOPAKEHHS.
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