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ABSTRACT

Formulation of the problem The socieconstructive theorie®f learning have become very popular during the last decades for teac
YFGKSYIFGAOQad ¢KS dap 9Qaé¢ A& Ly AyadNHzOGAz2y!l t recemlybécome aery:
popular, especially in school education, for teacmaghematics. Each of the 5 E's describes a phase of learning which begir
the letter "E"¢ Engage, Explore, Explain, Elaborate, Evaluate. Depending on the student reactions, there are forward or k
transitions between the three middle phasesi@x2 NS X SELX FAys StF02NF G680 2F GKS
model allows students and teachers to experience common activities, to use and build on prior knowledge and experien
assess their understanding of a concept carlly.

Materials and methods Probabilistic methods of analysis are used.

ResultsThe YI G KSYF GAOFt NBLINBaSyilldAz2y 2F GKS ap 9Qa&aé¢ Y2RStf Aa |
Chain (MC) is a stochastic process thavesoin a sequence of steps (phases) through a set of states and hastepngmory. A
FAYAGS a/ KIQGAy3 La adGldisSa {A GKS O2NNBAaALRYyRAYy3d Liflabsiodma
application is also presentetlustrating the usefulness of this representation in practice. The following application took
recently at the Graduate Technological Educational Institute of Western Greece for teaching the concept of the deriva
group of fresher students ehgineering.

Conclusion® ¢ KS al N} 2@ OKIAY NBLNBaSy

A 1%}

FdA2yY 2F (GKS ap 9Q&é Y2HhsS
iSFOKAY3 LINREOS&E&® ¢KAA S

& G
4 OSNB dzaSTdA T aubzcNEFRWEE I yAT Ay 3

KEY WORDSonstructivism, soci® dzf G dzNJ £ GKS2NASa F2NJ § SENYyAy3IAS ap 9Q&é AyaidN

INTRODUCTION

¢tKS ap 9Qaé Ay a ivatieimatits2tgathing is iNtBnHell YoSpyoinate thHearning of mathematics.
However, while theory provides us with lenses for analyzing learning, the position of mathematics teaching remains
theoretically anomalous and underdeveloped. We might see one of the problems to lie in the relationships betwemmylea
teaching and the practice of teaching. Theories help us to analyze, or explain, but they do not provide recipes foaeaijon; r
do they provide direct guidance for practic€he application of the sociconstructive theories for learning to teaicly
YEGKSYFGAOa Kla &GFNISR RdzZNAy3a GKS mopynQaszs ¢gKSy GKS FlrAf
curricula had already become more than evident to everybody.

The idea that knowledge is a human construction supported by the expej first stated by Vico in the ®&entury
and further extended by Kant, affected greatly the epistemology of Piaget, who is considered to be the forerunner ofye theo
of constructivismfor the process of learning. This theory appeared formally by von Clasersfeld who developed his ideas in the
Piaget foundation of USA in 197Glésersfeld, 1997 The constructivist approach is based on the following two principles:

- Knowledge is not passively received from the environment, but it is actively constructed by synthesizing past
knowledge and experience with the new information.

-¢KS & O2 YA yish pioss pfyadaptation based on and constantly modified by thefndiai f Q& S E LIS NA §
the world.

On the other hand, theocioculturali KS2 NA Sa F2NJ €t SENYyAy3I INB oFaSR 2y (KS
is a product of culture and social interaction. Learning takes place when the individuals engage teo@Eidland act about
shared problems or interest&lbers, 2003Jaworski, 2006Venger, 1998) The Communities of Practiege groups of people
(experts or practitioners in a particular field) who share a concern for something they do and learn hovit teetter as they
interact regularly, having therefore the opportunity to develop themselves personally and professioBalbs, 014;
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Voskoglou, 2019Wenger, 1998 The combination of the constructivism with the secidtural ideas is known asocial
constructivism(Driver et al. 1994;Jaworski, 2006)

¢tKS ap 9Qa¢ Aa Fy AyailiNHzGAzylt Y2RSt o6l aSR 2yveykKS LINRy O
popular, especially in school education, for teaching mathemakechdncing Education, 201%ach of the &'s describes a
phase of learning which begins with the letter "E". Those phases are the following:

- Engage (B: this is the starting phase, which connects the past with the present learning experiences and focuses
student thinking on the learning outcomes of the current activities.

- Explore (B): during this, phase students explore their environment to create a comibase of experiences by
identifying and developing concepts, processes and skills.

- Explain (B): in this, phase students explain and verbalize the concepts that they have been explored and they develop
new skills. The teacher has the opportunity to ituze formal terms, definitions and explanations for the new concepts and
processes and to demonstrate new skills or behaviours.

- Elaborate (B): In this, phase students develop a deeper and broader conceptual understanding and obtain more
information aboutareas of interest by practicing on their new skills and behaviours.

-Evaluate (B: 1 KA & A& GKS TFTAyFE adSLI 2F (GKS dap9Qadé¢ AyaiNHOGA2YLI
understanding and abilities and teachers evaluate student skillb@méw knowledge.

Depending on the student reactions, there are forward or backward transitions between the three middle phases
OSELX 2NBX SELXIFAYS St1062NIFGS0 2F GKS p9Qa Y2RSE RdzZNbdy3a GKS (¢
experience common activities, to use and build on prior knowledge and experience and to continually assess their
understanding of a concept. Although it has been mainly applied in school education (Keeley, 2017) the 5 E's can be used with
students of all ags, including adults (Hee et al., 2013). In this article, we shall obtain a mathematical representation of the
Gp 9Qaé¢ Y2RSt 6AGK GKS KSfLI 2F (GKS (GKS2NEB 2F FAYAGS T 0az2NbBAy3

Finite absorbing Markov Chain®A Markov Chain (MC) is a stochastic process that moves in a sequence of steps
(phases) through a set of states and hasna-step memory That means that the probability of entering a certain state in a
certain step depends on the state occupied in theyiwes step and not in earlier steps. This is known asvthekov property.

However, for being able to model as many real life situations as possible by using MCs, one could accept in practice that the
probability of entering a certain state in a certairegt although it may not be completely independent of previous steps, it
mainly depends on the state occupied in the previous gtégmeny & Snell, 1963)Vhen the set of states of a MC is a finite

set, then we speak aboutfaite MC. For general facts ofinite MCs we refer to the bookkémeny & Snell, 1976)

A.Markov introduced the basic concepts of MCs in 1907 on coding literal texts. A number of leading mathematicians,
such as AKolmogorov, WFeller, etc, developed the MC theory. However, only frétlSt mdpc n Qa8 GKS AYLERNIFyOS
to the natural, social and most of the applied sciences has been recogBiagtiglomew, 1973; Kemeny & Snell, 1963; Suppes
& Atkinson, 1960Q)

Let us consider a finite MC withstates, say 5 $> X g whlere nis a nonnegative integer, & 2. Denote byp; the
transition probability from state $to state $A X 2 [ MI H I XA=[pyis dalled tkeBayisitidn Kn&trix 6flthé NB. E
Since the transition from a state to some other state (including itself) is the certain event, we have that

putpb X dEME] F2NIAMME HE XI Y Q)

A state of a MC is callebsorbingif, once entered, it cannot be left. Further a MC is said to batemorbing MQAMC),
if it has at least one absorbing state and if from every state it is possible to reach an absorbing state, not neceega¥ily in
step. Working with an AMC with k absang states, I k < n, one brings its transition matixo its canonical formA" by listing
the absorbing statefirstand then makes a partition & as follows

« | O
- - (@)
ER | Q
In the above partition ofA*, Iy denotes the unitary k X k matriQis a zero matrixRis the (ng k) X k transition matrix
from the nonabsorbing to the absorbing states a@is the (ng k) X (ng k) transition matrix between the nceabsorbing
states.
It can be showrf(Voskoglou & Perdikaris, 1998ection 2jhat the square matrix,-Q, where k. denotes the unitary

(n-k)x(nk) matrix, is always an invertible matrix. Then, thaxdamental matrix N of the AMC is defined to be the inverse
matrix of Q. Thereforg((Morris, 1978) Section 2.4)

A=

- D @~

=[n;] = :—l i -
N =[nj] = lack g Q) <2 D (|n.k'Q)adJ (Ih.v - Q). (3

In equation (3P (Inck ¢ Q) andadj (I k ¢ Q) denote the determinant and thadjoin of the matrixl, ¢ k¢ Q respectively.
It is recalled that the adjoin of a matriM is the matrix of the algebraic complements of the transpose mattinf M, which is
obtained by turning the rows of M to columns and vice verstis also recalled that the algebraic complemenjof an
elementm; of M is calculated by the formula

m;” = (1)4Dy, (4)

whereDj is the determinant of the matrix obtained by deleting thth row and thej-th column of M.
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It is well known((Kemeny, & Snell, 1976Fhapter 3}hat the elementn; of the fundamental matridN gives the mean
number of times in state; $efore the absorption, when the starting state of the AMCj,isvbere sand sare nonabsorbing

states.

RESULTS AND DISCUSSION
The AMC modelWe introduce a finite MC having as stategi® corresponding phasessE A I MY HEXEE p X

AYaidNdzOGA2y Lt Y2RSt o | O0O2NRAY3 G2 (GKS RSAONARLIIAZY 2B (KS
chain is that shown in Figai1

Figure 1 The flowdiagram of the MC

From the flowdiagram of Figure 1 it becomes evident that the above chain is an AMC Ma#ing its starting state
and $ being its unique absorbing state. The minimum number of steps before the absorption is 4 and this happens when we
have no backward transitions between the three middle states&nd S of the chain.

The transition matrix of the chain is the matrix

S S 8§ 3 S
1 0 0 0

0 1 0 0
P, O Py, O, withpso+psa=pas+pss=1.
0 P O Py
S& 0 0 0 1

x
RN LN Y
B OB

The canonical form d&is the matrix

Sel1 | 0 0 O O
e N
.Séo |01 0o 0 ¢ : °
*= é :é- -
S, &0 | 00 1 0 &g
S 20 | 0 p, O py
S,éps | O O p,; O
&1 -1 0 0
el 1 -1 0
go 1 -1 0
Thenlic Q= ) 1 andD(b¢Q)=- P;, 1 Pyl = 1- paspss- paz
> 32 34 0 -p, 1

e
éo 0 - p43 1

Further, by equation (4), the algebraic complement of the element=ni of the transpose matrix

el 0 O 0 1 0
g- 11 p, 0 o1 232
| = to|- Pl=1 )
(laq Q¥ 60 -1 1 P is equal to 243 C Pa3Psa € Pa2

€ 0 - Pa4
éO 0 - Pas 1
In the same way we calculate the algebraic complements of all the other elemefiis @) and replacing their values
and the value oD(L ¢ Q)to equation (3) we find that
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él' PasPas “Pe 1 PayPs, 1 P34

e
N =[] = 1 é 0 -1 34 Pas T Pz,
=nj=——— €
1- PssPys - p32 g 0 Ps, 1 Pz,
é 0 = P32 Pas o UER I ¢

Since $is the starting state of the above AMC, it becomes evident that the mean number of steps before the
absorption iggiven by the sum

T=n1+ Mo+ M3+ na= 3- 2p43 Pss -Psp 'p34, (5)
1- PssPas - Ps

Ld A& rftaz2 OfSIN dKIGd GKS 0A3I3ISNI A& ¢33 GKS Y2NBE FNB (KS
instructional treatment. Another factor of thetudent difficulties is the total time spent for the completion of the teaching
process. However, the time is usually fixed in a formal teaching procedure in the classroom, which means that in ths case T
the unique measure of the student difficulties.

A classroom applicationThe following application took place recently at the Graduate Technological Educational
Institute of Western Greece for teaching the concept of the derivative to a group of fresher students of engineering. The
AYAaUiNHzOl SRR dza BRaGKEOaGA2y I GNBFGYSYyd a Fzttzeay

EngageThe student attention was turned to the fact that the definition of the tangent of a circle as a straight line
having a unique common point with its circumference does not hold for other curves (e.g. for the parabola). Therefoiis, there
a need to searclfor a definition of the tangent covering all cases and in particular of the tangent at a point of the graph of a
given function.

1.Explore: The discussion in the class leads to the conclusion tthettangent at a point A of the graph of a given
functiony=f(x) can be considered as the limit positiontb& secant line of the graph through the poifgsa, f(a) and wid, f(b),
when the pointwis moving approaching tg either from the left, or from the right (seeVfskoglou, 2017b)Figure 1).

However, the slope of the secant line AB is equajM, therefore the slope of the tangent of the graph at A is equal
b- a
to the limit of the above ratio wheb tends toa.

Explain:Based on what it has been discussed at the phase of exploration, the instructor presents the formal definition

of the derivative nurber f(a) at a point3(a, f(a) of a given functiory=f(x)as the limit (if there exists) (b)- f(a) when

b- a
a- b, and of the tangent of the graph gff(x)at A as the straight line through A with slopé). Some examples follow of
calculating the derivative at a given point of a function and the tangent of its graph at this point. Then the definitien of
derivative functiony” = f'(x) of the functiony=f(x)is given and suitable examples are presented to show that its domain is a
subset of the domain of=f(x).

Elaborate:Here the fact that the derivativg'=f"(x) expresses the rate of change of the functiprf(x)with respect to x
isemphasized and its physical meaning is also presented connected to the speed and the acceleration at a moment of time of a
moving object under the action of a steady force. The fundamental properties of the derivatives follow (sum, product,
composite funtion, etc.) as well as a list of formulas calculating the derivatives of the basic functions and applications of them.

Evaluate:At the end of the teaching process, a humber of exercises and problems analogous to those solved in the
classroom wagiven to students on the purpose of checking at home their understanding of the subjegeek later, a
written test was performed in the classroom enabling the instructor to assess the student progress.

Another important thing remaining for the instruatovas to evaluate the student difficulties during the teaching
process, which could help him in reorganizing properly his plans for teaching the same subject in future. This was succeeded
gAUK GKS KSfLI 2F (KS 06208 REGYRRISIR Aa// INSLINERE §2WIAG/AE2 va AL BK &

The instructor noticed that the student reactions during the teaching process led to 2 transitions of the discussion from
state S (explain) back to state;$explore). Therefore, since from statetBe chain moves alays to $(Figure 1), we had 3 in
total transitions from $to S. The instructor also noticed 3 transitions from (8laborate) back to 5S Therefore, since from
state Sthe chain moves always to state(Sigure 1), we had 4 in total transitions fromt& Si. In other words, we had 3+3 = 6
Ay G20Ff 41 MNIGRISILA ANJGNDER 1F NERS LI Nl SizNie@féreps N2 and pfs =2 . In the

6 6

same way one finds thagiss :§ and pss = l Replacing the above values of the transition probabilities to equation (5) one
4 4

finds that the mean number T of steps before the absorption of the MQimleto 14. Consequently, since the minimum
number of steps before the absorption is 4, the students faced significant difficulties during the teaching process. fiis mea
that the instructor should find ways to improve his teaching procedure for the sarject in future.

CONCLUSION

The theory of MCs, being a smart combination of Linear Algebra and Probability, offers ideal conditions for the study
and mathematical modelling of a certain kind of situations depending on random variables. In the paper at hands a
mathematical representdt 2 y 2 0 QaKS (g OKAy3I Y2RSt 6l a RS@OSt2LISR gAlK GKS K
instructor to evaluate the student difficulties during the teaching process. This is very useful for reorganizing hiarfedorp

10
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teaching the same subjeat future. An application of this representation was also presented to teaching the concept of the
derivative to engineering students. Although the development of the AMC model was proved to be quite laborious requiring
the calculation of 17 in total deteninants of third order (the determinant of the matrix- Q and the algebraic complements of

its transpose matrix), its final application is very simple. The only thing needed for this purpose is the calculation by the
instructor of the transitions of ta AMC from $Sback to $and from $ back to & Several other applications of MCs to
education have been attempted by the present author in earlier works (e.g. see Chapters 2 and 3 of th¥dskuiglpu,

20179 and it is hoped that this researclould be continued in future.
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ELEARNING TOOLS: DEFINITION AND CLASSIFICATION
D.S.Antoniuk
Zhytomyr Polytechnic State Universitikraine

Abstract

Formulation of the problem.Nowadays lhe usage of thenformation and digital technologies in education is one of the most important
tendencies of the educational process development in the world. Such technologies provide possibilities to make educational
process more effective and interesting, due to thditeds of the teacher to use multimedia and interactive tools to ignite the
interest of the students. The interest is stimulated by the implementation of the next educational methods in the cs: proj
based method, research tasks, developing educatigames. It actualizes the problem of the development and implementation of
the elearning tools, as this form of the educational materials presentation reveals suitable alternative to the traditional paper
based textbooks.-learning tools enable augmeation of the educational process by the illustrative and interactive elements. This
gKe G(GKS LI LISNJ LINPDSRRBEAYVFI 6 2ARAE 2FSKKSH MR YI22N Ot FaaATAOLGAZY

Materials and methods.The methodsthat were used to conduct the remeh: theoretical¢ analysis, comparison, systematization and
generalization of the scientific, scientifical@chnological, popular science and applied sources in the research domain area.

Results. The different approachesre providedto the classificabn of the elearning tools: based on the redological purpose
(D.V.Chernilevskij), based on the purpose and technological complexity level §yshkina T.L. Petrovskd, based on the
separated pedagogical knowledge ((Bashmakov), accordirtg the classes (Yul.Loboda), based on the role in the educational
process (RShevchuk), base on the direction @.Byrka) and based on the purpose MVDemanenko, HP.Lavrentieva,

M.P Shyshkina). The requirements to the development of fleaming tools were analyzed.

Conclusions¢ KS |yl fte&aira 2F GKS HEBHNYAYES (RSTREA ISV t BR Gt KD2¢Of dzaA2y | 62d
definition. It gave the reason to accept the term used in the Provision aboptdcedure of dearning tools approbation at the
dS02yRINE d0K22f ad ¢ K Sledrninjtsos MIha ecéhonticiaia iFplaiheditdb2 greazdrin tile Kuire.S

Keywords digitalization informationand communicatiortechnologiestools, learningtools, e-learning toolselectronic educational tools
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CONTENT COMPONENT OF STUDENTS' PROFESSIONAL INFORM/SRERIANTTES
Liudmyla Bilousova, Nadiia Olefirenko, Liudmyla Ostapenko, Nataliia Ponomarova
G.S. Skovoroda Kharkiv National Pedagogical Univedéitgine
Abstract

Formulation of the problemThe relevance of the career guidance of youth on thepdcialty is conditioned by the look at theind@ustry as a

unique environment conducive to strengthening the Ukrainian economy. At the same time, the lack of professional information
makes it impasible to conduct higiguality and effective vocational guidance work with students on thegdcialty. The purpose

of the research is to establish the basic content component of professional information of students abowdpgally taking

into accaint the peculiarities of the development of the modermidrket.

Materials and methods.Theoretical analysis of sociological, psychological, pedagogical works, systematization of attitudes and achievements

of scientists for revealing the state dévelopment of the problem, determining the specifics of professional information and
substantiating its basic content component abouspEcialties .

Results.Professional information for students provides them with comprehensive information for sgleiticiding and implementing a

personal educational and careénajectory. The Hindustry most often distinguishes key segments such as hardwapepduicts,
IT-services, Fbutsourcing of business processes, and the components of the profession ararkbe same: development,
support, management, and marketing. The dynamism of the development of information and communication technologies makes
it impossible to establish the approaches of the professionography -pfol@ssions. The readiness for pssienal self
improvement and lifelong learning, the ability to rapidly change the professional trajectiwy indispensable requirements
imposed on all employees of the IT industry.

ConclusionsCarrying out career guidance with students on thesfedalty should provide as a basic content component of professional

information familiarizing students with the main segments of théntlustry and the diversity of {rofessions and specialties,
ensuring that students are aware of the variability of tie@tent of the professional activities ofifofessionals, the availability of
specific requirements for their continuous professional growth and retraining.

Key wordsccareer guidance, {$pecialty, ITindustry, professional information, teacher of infatics.
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