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USE OF FUZZY NUMBERS FOR ASSESSING THE ACQUISITION-BIEETHEEBMELS IN GEOMETRY

AMS Subject Classification (2010): 03E72, 97D60

Problemformulation. The pedagogical value of the Euclidian geometry is great, mainly because it cultivates the student
cognitive skills and connects directly mathematics to the real world. However, students face many difficulties for the kefarni
the Euclidiargeometry, which fluctuate from the understanding of the space to the development of geometric reasoning and
the ability of constructing the proofs and solutions of several geometric propositions and problems.

The van Hiele (vH) theory of geometric reasgn[12, 13] suggests that students can progress through five levels of
increasing structural complexity. A higher level contains all knowledge of any lower level and some additional knowlddge whic
is not explicit at the lower levels, Therefore, each lexmgpears as a mettheory of the previous one [2]. The five vH levels
include:

1 L (Visualization): Students perceive the geometric figures as entities according to their appearance, without
explicit regard to their properties.

1 L (Analysis):Studentsestablish the properties of geometric figures be means of an informal analysis of their
component parts and begin to recognize them by their properties.

1 Ls(Abstraction):Students become able to relate the properties of figures, to distinguish betweemnettessity and
sufficiency of a set of properties in determining a concept and to form abstract definitions.

1 L (Deduction):Students reason formally within the context of a geometric system and they gasp the significance
of deduction as means of developiggometric theory.

1 Ls (Rigor): Students understand the foundations of geometry and can compare geometric systems based on
different axioms.

Obviously the levelslis very difficult, if not impossible, to appear in secondary classrooms, while kalsbappears
very rarely.

Although van Hiele [13] claimed that the above levels are disgrateich means that the transition from a level to the
next one does not happen gradually but all at ogc@ternative researches by Burnes & Shaughnessy [1], Fafs[8f, Wilson
[17], Guttierrez et al. [4] and by Perdikaris [7] suggest that the vH levetoatmuouscharacterized by transitions between the
FR2F OSyil tS@Stad ¢KAa YSIya GKFG FNRY (KS & btidéenSaddisition2 A y i
of each vH level. Therefore, principlesrafzzy Logic (FEduld be used for the assessment of student geometric reasoning skills.

Perdikaris [6] presented a fuzzy framework for the vH theory by introducing a finite absorbinguidia [5] on the
fuzzy linguistic labels (characterizations) of no, low, intermediate, high and complete acquisition respectively of eaeh M |
also used [8] the fuzzy possibilities of student profiles and the generalization in possibility thdory i KS Of | a8 & A O ¢
SYGNRLER TFT2NJ YSFadz2NAy3 | adadisSvyQa dzyOSNIilFAyde G2 O2Yhd# NB (F
method needs laborious calculations in its final application.

In this paper an alternative method &L is used for the assessment of student acquisition of the vH levels, by using
the Triangular Fuzzy Numbers (TFN3his method is very simple in its final application and its outcomes can be easily
interpreted. The rest of the paper is formulated aidws: In the second Section the background on TFNs which is necessary for
GKS LI LISNDa dzyRSNEGFYRAY3 A& NBOFffSR® Ly (GKS GKANRhe{ SOGA:
fourth Section an example is presented illustnatiits applicability in the vH level theory. Finally, the fifth and last Section is
devoted to the conclusion and to some hints for future research.

Triangular fuzzy numbers (TFN§pr general facts oRuzzy Sets (F&hd Fuzzy Numbers (FNaje refer to[16]. It is
recalled here that a FN is a FS on theRet the real numbers which is normal (i.e. there exisits Rsuch that the membership
degreem(x) w0 | y R O2 y-&iiS, withéa ngoS1§ aré dlobed feal iftérvalk), while its mesttip functiony = m(x)
is piecewise continuous.
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It is also recalled that a TF&| p, 9, witha, b, creal numbers such tha<c<h is a FN with membership function
defined by

®:

X -

Q@

[ UL
i

y=my 1= . x[b}
i
10, x<aorx>
1
|

Let A &, b, g and B, b, ¢) be two TFENs and Iétbe a positive real number. Then tsemA + B=§+a, b+h, c+g)
and thescalar productkA<(ka, kb, k¥ ([16], paragraph 10). Further, given the TR A [ n, whBeren &Ik negative

integer,n 2 2, theirmean valueis defined tobe the TEN A= (AAL XPnb |

Assessment of a student group performance using THRNsst the individual student performance is numerically
evaluated in a climax from 0 to 100. In order to characterize it qualitatively we have introduced in [16] the fuzzyditadpaksti
(grades) A (88.00) = excellent, B (784) = very good, C (604) = good D(5059) = fair and F(@9) = non satisfactory. We have
also assigned to each of the above grades a TFN denoted by the same letter as follows: A=(85, 92.5, 100), B=(757(80, 84), C
67, 74), D=50, 54.5, 59) and F=(0, 24,5, 48). The middle entaclfo those TFNs is equal to the mean value of the student
scores attached to the corresponding grade. In this way a TFN can be assigned to each student assessing his/her individual
performance. Therefore, it is logical to use the mean value M of alletidsNs for evaluating the student group overall
performance.

In [16] we have used th€enter of Gravity (COG@@chnique for the defuzzification of the TFENs. This technique leads
to the representation of a TFN B, ¢ by the xcoordinate, say x(T), #fie COG of its graph. Since the graph is a triangle ABC
with A(a, 0), B(1, b) and C(0,c) ([16], Figure@)=(a+b+c)/3 (1{[16], Proposition 8].

In particular, if T is one of the TFNs A, B, C, D, F then b=(a+c)/2. Therefore, equality (1) gives that
a+a7;-c+c

x(T)= _3(a+c)=h.
3 T 6

But M=k A+;B+ksC-kiD+ksF, withk; non negative real numberssl, 2, 3, 4, 5. Therefore, if B(b, ¢, then obviously
X(M)=kix(A) X (B) #3x(C)kax(D)sx(F)

REMARKAnR alternative way to defuzzify a TFN& | ¢ is to use therager IndexY(T), introduced in [18] in terms of
the acuts of T, a in [0, 1], in order to help the ordering of fuzzy sets. It can be shown ([9], p. 62) that Y(T)=(2b+a+c)/4.

Observe now that x(T):Y(U) (a+b+c)/3:(2b+a+c)/|41 4(a+b+g¢=3(Dd+a+¢ U a+c=2b. The last equality is not
true in general fom<b<cie.g. takea=1,b=2.5 andc=3. In other words in general we have that x(T)Y(T). However, since the
middle entries of the TFNs A, B, C, D, and F have been defined to be equal to the mean values of their other two entries, the
above equality holds for those TFNs. Therefore, since the mean value M is a linear combination NftAe BFC, D, and F, it is
straightforward to check that x(M)=Y(M). Thus, the above two defuzzification methods provide the same assessment outcomes
when used with those TFNs..

Assessing the acquisition of the van Hiele leveGutierrez et al. [4] premted a paradigm for evaluating the
acquisition of the vH levels in thregimensional Geometry by three different groups, say& and G, consisting of 20, 21 and
9 students respectively. Here, in order to illustrate the utilization of TFNs as anrassgdsol in the vH level theory we shall
use the data of this paradigm, which are depicted in Table 1.

Table 1
Data of the paradigm{Degree of acquisition]
Group VvH level F| D|C| B A
G Ly 0] 0| 0] 0] 20
G Lo 11013 6 | 10
G Ls 2 1 3|6 6 3
& L 0|01 2 | 18
G Lo 0] 3|4 ]13] 1
& Ls 916 |5 1 0
G Ly 0|2 ]| 4 2 1
G Lo 3142 0 0
G Ls 91000 0

From the data of the first row of Table 1 one obtains that M=A and x(M)=92.5 for G1 in L1. Similarly, from the second
row it is obtained that M= (F+3C+6B+10A)/20=(74, 81.38, 88.75) and x(M)=81.38 for G1 in L2. Therefore the first group
demonstrates a vergood (B) overall performance in level L2. We keep going in the same way with the remaining rows. All the
assessment outcomes of the paradigm are depicted in Table 2.

Table 2
Assessment outcomes
Group | vH level M x(M) DNER dzLJQa LJ§
G L (85, 92.5100) 92.5 A
G Lo (74, 81.38, 88.75) 81.38 B
G Ls (60.75, 68.45, 76.15) 68.45 C
G L (82.86, 90.05, 97.24) 90.05 A
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Group | vH level M x(M) DNER dzLJQa LJ§
G L (69.05, 74.17, 79.69) 74.37 C
G Ls (32.14, 45.81, 59.48) 45.81 F
G L (63.89, 69.83, 75.78) 69.84 C
G L (35.56, 47.28, 59) 47.28 F
G Ls (0, 24.5, 59) 24.5 F

Observing the values of x(M) in Table 2 it becomes evident thdefonstrates the best performance in all levels,
followed by G and G. Further, from the last column of Table 2 it turns out thatd€monstratesexcellent performance inL
very good in and good in 4, G demonstrates excellent performance in, Igood in kand non satisfactory insLwhile G
demonstrates good performance in &nd non satisfactory performance ipdnd lz. Finally, it is logal to evaluate the overall
performance of each group in the first three vH levels by calculating the mean value of its performances in each lev&l. Thus,

demonstrated a very good 9@.5+81.:8+68.450 80.78): G demonstrated a good §0.05+7437+4581, . 1o) and G
3

demonstrated a non satisfactorp@.84+47.28+24.5, , . ) overall performance.
3

Conclusion and hints for future researcin this work we utilized TFNs for assessing the acquisition of the vH levels by
students. The application of this method is vesiynple and its outcomes can be easily interpreted. Other fuzzy assessment
methods have been also used in earlier works by the author, his research collaborator Prof. |. Subbotin and others,tmeluding
YSI adz2NBYSyid 27F | aeai$§andthe agpficatdid the’lCPG defuzrificatbn techn@jue arfdl iisGvariations
([20, 11, 15], etc.). Our plans for future research include the effort to compare the outcomes of all these methods to order
obtain useful conclusions about their advantagesl disadvantages.
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Abstract. VoskogloM.Gr. Use of Fuzzy Numbers for Assessing the Acquisition of theHiale Levels in Geometry

It is generally accepted that students face many difficulties in constructing proofs of theorems and solutions of problems
of the Euclidean Geometry. The van Hiele theory of geometric reasoning suggests that students can progress through five level
of inaeasing structural complexity. It has been also proved by other researchers that these levels are continuous characterized by
iGN} yairiArzya o0SGsSSy (GKS adz00SaargsS fS@Sftad ¢KAa YSlegean GKI
of student acquisition of each level, which suggests that principles of Fuzzy Logic could be used for the evaluation of stude
geometric reasoning skills. Here a combination of Triangular Fuzzy Numbers (TFNs) and of the Centre of Gravity (COG)
deffuzzifcation technique is applied for evaluating the acquisition of the van Hielie levels by students. It is further shoven that th
use of the Yager index instead of the COG technique leads to the same assessment conclusions. Other fizzy methods applied i
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earlier works are also discussed and an example on high school student acquisitidiman3ional geometrical concepts is

presented illustrating our results.
Key words:van Hiele (vH) levels of geometric reasoning, fuzzy logic (FL), triangular fuzzy n(irfbksls centre of

gravity (COG) defuzzification technique, Yager index.
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Abstract Yenokyan A.VThe Issue Of Implementation Moral Education By Mathematics In The History Of Armenian
Pedagogy

Studying history ofArmenian pedagogy from the ancient times to thethl€ntury, we see that the issue of
implementation moral education by mathematical education is one of the important problems of education. During this period
the education mainly organized by schools]eggs and educational institutions, where educators paid special attention of
education, particularly moral education. It should be mentioned, that the moral values were perceived various in diffegent ti
It was due to socisgdconomics and political cditions of country and accepted moral norms of society as well. In that period
when Christianity accepted as a state religion of Armenia, the basis of moral education were Christian virtues and commandmen
of the Bible. In thetTcentury Armenian greahathematiciareducator Anania Shitakacy wrote his textbook of Mathematics. This
manuscript includes mathematical textual problems and problentsrtainments, which devoted to the various moral values
such as kindness, patriotism, mercy and so on. So,idASdirakacy offered a way of implementation moral education by solving
textual problems of Mathematics. After that, Armenian educators of middle ages highlighted formation of moral values in the
teaching process of school subjects too, also they wroterakmanuscripts devoted to the morality: in that way they supported
implementation moral education of learners. In these manuscripts authors mentioned various moral values as the badis of mora
education. In the 1®century Armenia was divided into typarts: Western Armenia and Eastern Armenia. In the Western Armenia
there were Armenian schools, where educators paid attention of schoolchildren moral values system. The teachers sure that
TI9GKAOAQQ adzoaSOG LI I @SR A0A eNF X OIGY § daEmidS | NF SHTANINWI BER230 I 1R N&E
formation of moral values is one of the essential problems of education and they thought that patriotism and humanitgwere th
most important moral values. The famous educator S. Mandingihtisat it is necessary condition to formulate moral values in
the teaching process of all school subjects, including Mathematics.

So, as our research shows, Armenian educators from all periods, highlighted the importance of moral education by
Mathematics, and wrote many papers, textbooks for promoting formation of moral values.

Key wordsMathematics, education, moral values, moral education.
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Abstract. Babich 1.0., Slobodyanyuk 1.Y. Texts physical sense as a didactic tool in a methodical system of teaching
students social and humants.

This paper describes the methodological techniques of physical text content as a didactic tool for students of social and
humanities. Analyzed the definition of "physical text content", its features and practical implementation while studyicg} phys
Overview of requirements for the information which appears in the text physical meaning. Established listed skills aimed at
identifying the understanding of the information contained in the text, its conversion and analysis based on knowledtjs,and sk
which are formed in the course of physics. Lists the skills that students are formed during the processing of textsiiod scient
information, including physical. Here is an example of text that contains information about the physical factors of em@onme
pollution and their effects on living organisms and human beings and tasks to it, aimed at forming skills of working.viith tex
particular, the task of the texts can check understanding information given in the text, the understanding of thd physgca
used in the text, the ability to assess the impact described in the text of individual factors on pollution and so on.

Keywords: physical text content, semantic relations, scientific concepts, teaching physichsoeinitarian profile.
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Abstract Voronkin OS. Specifics of studeftentered learning on physics in creative higher educational institutions
I-1l levels ofaccreditation

The specifics of organization of teaching physics in Art educational instituiticleséls of accreditation are presented
in the article. The problems of the choice of forms and methods of teaching physics are considered. It is sheachihat
methods should be chosen taking into account the psychological and physiological characteristics of the students aneatier to
interest in the physical sciences. It is proposed a ttieeed approach (popular science level, experimentadlJdundamental
level) for the organization of studenentered learning of physics, covering the didactic principles such as accessibility, visibility,
scientific and systematic. At the first level, students need to inculcate interest in physics, ttssbyeeificity, the meaning of
terms like. At the second level a paramount experiment begins to play the mainabbzatory experiments should motivate
students to do independent conclusions. At the third level of special urgency is the methodiefybed®ed learning, which
allows students to develop the ability to solve physical problems independently. It is concluded that the solving experimenta
problems have positive affects on the quality of education.

Keywords: organization of teaching physicintersubjectonnectionspersonalityoriented education
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Abstract. Belousova L.I., Dekhtiaryova Y.O. Smart tools in the modern professional activity of teacher.

On different stages oflevelopment, society makes growing demands on the work force. This necessitates the
development of the education system at each new stage. One means of this development is innovative technology; it is
fundamentally new ways, methods and tools of interatti teachers and students, which ensure the effective achievement of
pedagogical activity results. In addition, innovative teaching methods include interactive learning. It is aimed at datieepan
learning. The use of innovative teaching methods afgtesent stage in the institutions of higher education establishments should
focus on the formation of moral values and promote the formation of individual moral principles based on professiontiesthics,
development of critical thinking, the ability fmresent and defend their own opinions. Using the SM#&Bfnologies in the
learning process allows more widely and fully unlock the creative potential of each student.

The article explores existing innovative tools that teachers can use as part oething activities, is disclosed the
essence of such tools as SMART Board, SMART Responce, SMART Table, SMART Kapp and benefits of their use in the educational
process.

The authors found that the use of innovative teaching tools in educational actisiiegery important issue in terms of
constant growth and renewal of knowledge, despite the fact that the continuous development of competencies throughout their
career become more relevant in the modern education system.

Keywords: innovative pedagogicabbls, SMARTechnology, SMART Board, SMART Responce, SMART Table, SMART
Kapp, smart technologies, modern educational process.
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Abstract. Zhidchenko S. I. Dubovik T.N. Development of the module monitoring residual knowledge of students from
disciplines specialized computer systems.

The releance of the material presented in the article, due to the needs of vocational training in conducting monitoring
studies, as they are one of the ways of improving access to the European education and student mobility.

Development of software modulmnsists of the creation of a cliesérver application to a server in Java using the
Spring framework and client Android.

Using the developed software module for monitoring of residual knowledge of students of specialized computer systems
contribute to ts effective functioning and optimal solution to the question about the quality of training of future specialists.

In the process, it developed a package of tests for the monitoring of residual knowledge in the disciplines of information
technology course.

Keywords: monitoring, software development module, client, server, Android.
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Abstract. Zabolotnyy V.F., Kuzmynskyi_ W Electronic facilities ofself-control of educational achievements of
students are from astronomy.
Authors mark that today astronomic preparation most cases havegraffe, uninteresting for students and
methodically imperfect. The decision of forming problems requires for thergtidf astronomic knowledge, first of all, providing
of access of students and teachers to the informatimedyhodical resources, the use of that will provide upgrading of astronomic
preparation, and thus, level of subject competence of students fromrasty.
The results of pedagogical experiment and educational achievements of students ground to assert that the use of
St SOGNBYAO SRdzOF GA2y Lt NB&a2dz2NOSa o1, _0 FT2NJI LINPGARAY3I 2F asSt¥
- activate cognitive activity of studés)
- mobilize psychical activity of students;
- form integral, adequate to reality offenses (increase of possibility of the involuntary memorizing of material);
- promotes availability of studies and introduction of novelty in an educational process;
- extend thevolume of assimilable material;
- promote interest.
DN} LIKAO GSaida FNB 62N SR 2dziz a 2yS 2F (GeLiSa 2F 1, _d 2A0Fk
2F addzRSyida GKS aeadSy 1 __ A& O2 vduthaséSobriipdtenses. dnteracivd teSsfaY Sy ia 2
created in the environment of MS PowerPoint. Among possible variants the graphic type of tests is select.
As astronomy as educational object was studied by students first, does not have the opportunity teecegational
achievements on the initial establishing stage.
Key words:electronic educational resources, subject competence from astronomy, macteqsedftion, seltontrol,
graphic interactive tests.
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Abstract.ZabolotnyV., SargsyarO. Introduction of profile studies at senior school is pressing questiopreent time

The article examined the current state of school education in the direction of realization of profile training. The essence
of the concepts "Learning profylnoe" is disclosed, defined the importance and priorities of this phenomenon isytsigay'sf
education. The basic task of introduction of profile education at school and noted individual actions that contribute to its
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introduction. The requirements for the teachers who work in specialized classes is determined. It focuses on thpressue o
training of pupils in basic school. In particular found that the effectiveness-prpfite training required to establish an effective
diagnostic level of educational achievements of primary school pupils, prof consulting psychodiagnosticsitimelete
students' professional interests and requests for the creation of similar interests and readiness for micro groupg(olassges,
It is established that considerable importance is the realization of an applied orientation of school suhjiitgsel study of the
different courses, the organization of independent work of pupils in accordance with their individual inclinations. The main
problems of introduction of profile training in high school and possible ways to address them are shown.

Key words:profile training, profile, profile school, ppeofile training.
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Abstract KyselyovaD.B. Formation at future teachers skills to use "tapediofe” in the educational process

One of the main objectives of higher pedagogical education is the training of future teachers capable to owning to
innovative information and communication technologies, to creation or modification of existing methorecaptions working
with them. Special urgency this problem acquires in the dynamic of Development of Information society. The article@eveals th
essence and characteristic features of such a didactic tool as "tape of time", that promotes formingnitssabdgies of search,
research, reflexion and skills of cooperation, stimulates cognitive interest. Internet services are presented to creaftértapes
the basic principles of working with them, teaching methods of their use as one of the mowtipgameans of teaching and the
organization of group work of students. Identified the main position of the approach implemented in the training of future
teachers, for the creation and further use of the time tapes in the educational process. The egpafrfenrmation at the future
teachers of appropriate skills is lighted up. Presented practical exercises and examples of the results of teamworkaostudents
create tapes of time. Attention is paid to the problems that restrain teachers to apply tapeseadhtthe learning process.

Keywords: social networking services, tapes of time, professional training future teachers.
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