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Abstract: On the basis of topical investigations on the reflection in the
mathematics education, in this article there are presented some contemporary
ideas about refining the methodol ogy of mastering knowledge and skills for solving
mathematical problems. The thesisis devel oped that for the general logical and for
some particular mathematical methods to become means of solving mathematical
problems, first they need to be a purpose of the education.
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The mastering of various methods and heuristicéchware applied not only
to the realization but also to searching and figdan solution to mathematical
problems, has a crucial importance for achieving #fims of the mathematics
education. Practice shows that the acquisition mafvwkedge in a certain subject
from the school course in mathematics as well dks $&r their usage, on the one
hand, and the acquisition of knowledge about thiareaof the general logical and
the particular mathematical methods and skills tfair application in solving
problems, on the other hand, can be implementednformity with the reflexive-
synergetic approach at an appropriate structurihgystems of mathematical
problems, adequate to the specific educationabdendlopment purposes. Through
such systems of mathematical problems there cam lads mastered different
heuristics for the searching of a solution, whighhough not always leading to a
positive result, are instrumental too in achievthg aims. The realization of all
this, accompanied by the prognostication [12], cantribute to the students’ self-
realization to the maximum of both the positive d@he negative role of certain
methods and heuristics during problem solving.

A fundamental place in the activity of solving matiatical problems is taken
by reasoning at atomic, molecular and cellular ligadter 1. Ganchev [1]). A
considerable part of the particular mathematicathos for solving the so-called
standard problems (for example ones related toirgplinear, quadratic, and
biquadratic equations, etc.) are based on resgediivmulae and specific
algorithms are developed for them. Therefore iielevant to assign the use of such
methods to the activities at an atomic level.

The repeated joint application of specific matheoaht knowledge and
elements of propositional logic (mostly attributegerring to the implications of
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assertions as well as rules for drawing conclugianslescribed for brevity as an
activity at a molecular level. We consider it adlike to relate to it the use of
general logical methods too, which are based omexiés of propositional logic
(for example the method of contraposition, etc.)

As an activity at a cellular level is consideredt ramly the eventual
implementation of specific parts of the solutionrbgans of activities at an atomic
and molecular level, but also every splitting of tBolution of a particular
mathematical problem into separate solutions of #wcalled problems-
components and their consecutive realization witiea to obtaining the solution
to a particular problem. This activity is usuallpglemented on the basis of the
general logical methods of synthesis, analysiseacoimbination of these as well as
the respective skills for reasoning at an atomid @nolecular level, including the
use of appropriate particular mathematical metHodssolving the differentiated
problems-components.

From what we have presented so far there standgheuimportance of
mastering the general logical and particular ma#teral methods, which play the
role of fundamental “operative” means for the inmpéantation of the activity of
solving mathematical problems. However, in ordebéocome means, it is essential
for them to be also a purpose of the educatioeridin stages.

One of the objectives of this study is to refine thethodology of working
with mathematical problems on the basis of theer@fke-synergetic approach,
when the activity of solving, and consequently skeparate methods of searching,
finding and realizing a solution, are a purposéhefeducation.

The issue of the effective utilization of the reflee approach potentialities in
the mathematics education has been investigatddl. I§eorgieva in [2]. There, on
page 12, is shown a schematic model of the streiadéirthe categories system:
“perception”, “memorization”, “understanding”, “fettion”, “application”, and
“mastering”, in which there is presented the positbf the reflection and the
succession of the mental processes preceding thernmy. Some fragments from
the results of these investigations can be adamteldused to achieve the above-
mentioned purposes. It is clear from the schentbeomodel that:

¢ the understanding and rationalization (as welhasperception and
memorization) can be implemented without the usefdction;

o the reflection is realized by means of the undeditay and
rationalization;

¢ the reflection is “at the core of the applicatiamdamastering as
well as in the formation of reflexive capabilitig®, p. 12].

From these inferences we reach the conclusionwihat is crucial in the
mathematics education is “the subject’s interngegience, which is an important
condition for the manifestation of the reflectioffame source]. The latter is
essential for the purposeful acquisition of “mathéoal experience”, in the
process of which there are implemented activitrdsch are varied and requiring
high mental efforts. Hence is reached the necessitan effective utilization of
the activity approach possibilities in the mathdosaéducation. In this connection



10-12 December 2010, Plovdiv, Bulgaria 379

there arises the issue of “which side of the agtigpproach can serve as a basis
for a new strategy of the mathematics educationadgaws under the new realities?
The main thing when mastering experience in sohdiféerent problems is the
acquisition of thecore, which leads to the formation of theoretical thimgk In this
context the priority lies in the relationship beemethe acquisition anapplication

of the experience as a satisfaction of cognitiveessity...” [2, p.13]. This thought
supports the connections between the intellectughltbe praxicological reflection,
which we have demonstrated in the model in Fign J9] and have realized in
practice in [8].

Examining the cited schematic model [2, p. 12rfrthe point of view not
only of the reflexive but also the reflexive-synetig approach [11], it becomes
possible to indicate the position of the self-ofigation [3] in the system of
cognitive processes preceding the mastering, asasebf the equally important
process at a mega level, which is the future apitins of acquired knowledge
when solving respective problems. In virtue of tathave reached the following
improved model, which we are presenting schem#fioaFig. 1.

We will point out that theéovelty of this model is based on the following:

1) The components perception, memorization,
rationalization and understanding from the citeddelcof M.
Georgieva [2, p. 12] are inscribed in the self-oigation [3],
because at the respective stage of the educatosuthjects can
reach self-actualization and self-development;

2) The mastering is not only preceded by the
component applications but it also leads to fuapplications
for the solution of problems of various nature.

perception

Fig. 1 A schematic model of the position of théeetion and self-organization,
and of the sequence of cognitive processes preg#ugnmastering

Future
applications in
* — - -
. solving various
mastering |,
problems
r
. ¢ reflection
application
3
5 5 T T T
! I
! I
[ .
! SELF-ORGANIZATION understanding :
| 1
|
1 Y :
! I
| 1
| I
| . . . . . |
|~ | memorization rationalization |
|
! |
| I
| 1
! I
! 1
|




380 Anniversary International Conference REMIA2010

It is advisable for the above-mentioned conceptiaee an impact on the
construction of systems of school mathematical lprab, designed for the
mastering of particular problem solving methodsuch a way that the education
accomplished through them should be oriented tosvgeheralized methods of
activity ([5], [6], [13], [14]). Furthermore, thanierrelations between the separate
systems (which differentiate them as components ahore general, “global”
system) should be able to ensunea stepwise mannera realization of the
following phases of education:

o First phase: self-organization, expressed bgerception —
memoaorization — rationalization — understanding;

e Second phase: reflection;

e Third phase: applications — mastering — future
application.

When doing her research in [2], M. Georgieva leansthree types of
relationships: “education — reflection”, “educatierdevelopment”, and “education
— development — reflection”. Working on Talizinaencept of learning from the
point of view of the relationship “education — egftion”, she pays attention to the
two varieties of the students’ approach towarddystuy in the education:

¢ the teacher elaborates on the learning contenpeesents it to the students,
and they do appropriate activities;

¢ the students participate actively in refindingestific truths and obtaining
independent cognitive experience” [2, p.16-17].

Accepting the thesis tham both varieties the place of reflection can be
searched — both above knowledge and above the adiy in [14] and [10] we
have developed and presented models for mastegngdans of “refinding”
particular mathematical methods.

Based on the close connection between the relaijpnseducation —
reflection” and the relationship “education — deywhent”, as well as L. S.
Vigotsky’s opinion that “education is good only if comes before the
development”, there can be established the priaciphd methodological
significance of these concepts about the mathematiftication, one of which
refers to the “interiorization and exteriorizatiaa mechanisms of development in
the mathematics education”. The resulting accemtga on the importance of the
introduced by I. Ganchev concept “mastering todbgree of random reproduction
and applying of the most general knowledge andisskihich are not given
directly in the course of education [1, p. 47] tlth our opinion, especially for
the knowledge and skills, connected with the uséhefgeneral logical methods.
This fact is taken into consideration when deveigghe methodological system in
[10].

There needs to be paid attention to the key taoirfastering knowledge and
skills at a reflexive level calledniethod of education by means of generalized
reasoningd [1]. It is based on the presumption that aftemecspecific knowledge
or a skill has been mastered, not only that theustrbe mastered a lot more
specific knowledge or skills bearing the charast&s of the first one, but that
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they must be “broken” — separated from the conneste of the knowledge and
then differentiated and fixed in the subject’'s admgsness. The performing of
such a generalizing activity can be better managedell as accelerated. In our
opinion the method of education by means of geizeclreasoning contributes
significantly to the development of intellectualfleetion in learners. We are
making use of the above-mentioned as well as sffttut to match the three phases
of a “global” system for acquiring specific genetagical methods of solving
problems, to the conclusions made by I. Ganchegdas the model he has built
about the connection of the education with the adedevelopment, which are also
valid for the development of reflexive abilities students in the mathematics
education. In thdirst phase, generally speaking, there is implemented input of
knowledge and skillsreferring to the application of a certain mett{ddpending
on the particular mathematical knowledge and dkifl its application) in the
student’s close development zone (under the teacheaidance); in thesecond
phase a transitiontakes place from the close development zone (CibzZihe
learner’s actual development zone (ADZ) with aremsive use of the reflexive
approach; in thehird phase there takes place a development of the reflexive
abilities in the actual development zobg means of which is achieved “mastering
to the level of arbitrariness for the reproductiord application of the most general
knowledge and skills” for the general logical meth@f solving problems, which,
according to the secondary school curricula, adeéd “not given directly in the
course of education”.

In connection with the formation of intellectualdapraxicological reflection,
the methodology for developing the students’ skillshe mathematics education
must comply with certain requirements, part of viahéce included in I. Ganchev's
research work and in his model of the connectiaméen the education and the
mental development. One of the requirements igHerlearners to be taught to
handle Pap’'s scheme (ascending analysis) for splvimoblems without
announcing its name. According to the author, ik ® reason on this scheme
“for the majority of the students is still “bound’tdifferent particular types of
problems, i.e. it has not been mastered to the &f\arbitrariness” [1, p.145]. Here
we will share from our experience that after aeysttic preparation by students,
aimed at mastering of skills necessary for the @m@ntation of the ascending
analysis, and added to sufficient acquired expeeiesuch as students from™2
grade possess (the ones who wish to sit for a $tbaxing or candidate-students’
entrance examination in mathematics), the annografirihe method name (Pap’s
scheme) proved fruitful as that was a kind of act ‘@ breaking” of this method
from the concreteness of the different cases, tictwih had been applied [4]. We
believe that the specified requirement could als dxpanded towards the
mastering of knowledge and skills for a combinagplication (in different
variants) of the general logical methods for seacland finding of a solution.
Bearing in mind that in the secondary school matt@as education the so-called
distant propaedeutics is implemented concerninggireeral logical methods of
analysis, synthesis and some combinations of thiem their further mastering
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can be realized effectively, taking into consideratthe conclusions from the
study in [1, p.64-65], which are connected to threthndology of the organization
of the mathematics education and have a directioeldo the reflection. More
specifically, these conclusions are applied whamsttacting a “global” system of
school mathematical problems for the masteringesfain general logical and/or
particular mathematical methods for solving prolddf0].

The relationship “education — reflection” has a rwection with the fourth
requirement in the methodology for the developmeinthe students’ skills for
solving mathematical problems, as was formulatefl jrp.147-154], namely: the
construction of didactic systems from symptoms #radr use in the process of
education under the teacher’s guidance (i.e. t&kwadth them as with knowledge
and skills from Zpz). For this purpose it is of use to have the systefrsymptoms
systematized and periodically revised and expamddgdnewly studied symptoms.
That gave us an idea when reviewing the ways ofrsplproblems from the same
section (for example, a quadratic equation with tamknown quantities) to
compose a “list” of the methods, with which the lgemms from this section are
“attacked” and, after familiarizing with each newetimod, it should be added to
that “list”. In the process of acquainting the sint$ with a new type of problems,
connected with newly studied material, when thebjmms are solved by means of
an already familiar method, we also consider appagp first to update the
knowledge about that particular method as wellhasskills for its application by
using a few appropriately selected problems fronten, which has already been
covered, but from a different type, while at thensatime accentuating on its wide
applicability and comprehensiveness. Afterwardbgotypes of already covered
problems should be described, for the solution bictv the same method is
applied. As a result of this activity there shobkl composed a “list” of the types
of problems (if one hasn't been made yet), the “happlication of the method
under consideration should be examined and th& ‘$isould be supplemented
with the type of problems, to which it is applicabl

After adapting some of the conclusions in [2] faiststudy, we can say that in
the teaching of methods and heuristics for solyingblems, in most cases the
activity has a leading role, because of which #fection is connected with the
ability, the skill, the “activity” mental new fornian, and then it is appropriate to
use the term_reflection above the activitigdowever, in some cases, the
knowledge has a leading role and then “the refieds viewed as a process, which
translates the information into personal knowledgé in these cases we deal with
reflection above knowled§¢2, p. 26].

The conceptual model of a technology for reflexddrication, developed in
the same source (p. 32), is of scientific and praktinterest. Its structure includes:
motives and objectives of the reflexive activityetimods, didactic means and
organizational forms of education, as well as tligemd@ntiated four levels —
reproductive, productive, transfer, and creativeones, for acquiring knowledge
and performing activities, through which the respecreflexive skills are formed.
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The system of these levels can be used as a moldeh wonstructing

(selecting, composing and/or transforming probleafig)idactic expedient systems
of school mathematical problems from different e of the school mathematics
course, the purpose of which is to form a connaactith the mastering of specific
general logical or particular mathematical methéatssolving problems in the
context of the reflexive-synergetic approach.
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