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COMPUTER MODELS USING IN TERMS OF THE REALIZATION OF HOLISTIC APPROACH TO SCHOOL MATHEMATICS LEARNING

ABSTRACT

Analysis of the problems of contemporary mathematical education reveals necessity of improvements of the learning approaches. Being
complicated integrative science, Mathematics nowadays tends to become a bridge between various subject areas, which causes
greater importance of deep understanding of mathematical basics. On the other hand, learning Mathematics appears to be really
complicated for schoolchildren, as it operates by the system of concepts with high level of abstraction.

Formulation of the problem. Thus, according to the studies, it seems to be necessary to implement holistic educational ideas into Mathematics
teaching. It can help to form students’ concentrated conceptual mathematical knowledge and facilitate their using. However, in
order to apply effectively holistic approach we need to arm teachers with proper didactic aids. On balance, computer models
development and their implementation for holistic learning of mathematical objects seem to be vital for contemporary education.
The aim of the paper is to represent the authors’ complex of computer models and their didactic facilities as for the abstract
mathematical concepts mastering by schoolchildren. It is also covered the role of the models and recommendations for their
classroom using in terms of holistic approach to school Mathematics learning.

Materials and methods. Analysis of the number of studies enables us to cover theoretical basics as for the peculiarities of mathematical objects
mastering by students, the difficulties which might happen during their learning, and instruments that can facilitate them. During
the research, the set of theoretical, empirical, and modelling methods were applied. Theoretical background for the computer
models elaboration made comprehensive analysis of the current mathematical curriculum, demands to the final requirements to
the pupils’ knowledge and skiils, and learning of related subject areas, held by the authors beforehand. In order to meet the
main principles of holistic approach to mathematical education it is also necessary to reveal key mathematical objects, establish
connections between them, and build chains of proper internal and transdisciplinary links.

Results. The results of the theoretical analysis were used at the design of the authors’ complex of computer models which can be implemented
in terms of the realization of holistic approach to school Mathematics learning. The complex of the computer models embraces
some groups of models directed on the facilitating the mastering of a number of abstract mathematical concepts. The process of
the models elaboration is covered in the paper as well as the models functionality and didactic support to them. The potential of
the elaborated complex of computer models as for their implementation in terms of holistic approach to Mathematics school
learning is proved and analyzed.

Conclusions. It seems to be relevant to predict positive influence of the computer models implementation on the forming of trainees’ holistic
system of knowledge and skills. Elaboration of proper methodology of its diagnosing and estimation might be a prospect of our
further research.

KEY WORDS: holistic approach, mathematical education, computer models, school Mathematics learning, abstract concepts mastering,
didactic facilities of computer models.

INTRODUCTION

Nowadays national and global education is experiencing the period of various transformations, which can be explained
by number of objective reasons, such as globalization processes, integrative trends in science and education, rapid increase of
knowledge amount, etc. It is clear that under the circumstances, conventional educational paradigm tends to be changed with
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different approaches (and their combinations) to teaching and learning. Recently, it has been developing holistic educational
approach which concentrates on creating coordinated and interconnected pedagogy [8].

At the same time, analysis of the problems of contemporary mathematical education [2; 4; 10] reveals necessity of
improvements of the learning approaches. Being complicated integrative science, Mathematics nowadays tends to become a
bridge between various subject areas, which causes greater importance of deep understanding of mathematical basics. On the
other hand, learning Mathematics appears to be really complicated for schoolchildren, as it operates by the system of concepts
with high level of abstraction.

Thus, according to the studies [4; 14 and others], it seems to be necessary to implement holistic educational ideas into
Mathematics teaching. It can help to form students’ concentrated conceptual mathematical knowledge and facilitate their using.
However, in order to apply effectively holistic approach we need to arm teachers with proper didactic aids.

On the other hand, computer technologies grant their powerful facilities of modelling, which can be used to facilitate
implementation of holistic educational approach [10; 11; 12].

On balance, computer models development and their implementation for holistic learning of mathematical objects seem
to be vital for contemporary education.

The aim of the paper is to represent the authors’ complex of computer models and their didactic facilities as for the
abstract mathematical concepts mastering by schoolchildren. It is also covered the role of the models and recommendations for
their classroom using in terms of holistic approach to school Mathematics learning.

THEORETICAL BACKGROUND

Analysis of the number of studies [1; 4; 5; 7] enables us to cover theoretical basics as for the peculiarities of mathematical
objects mastering by students, the difficulties which might happen during their learning, and instruments that can facilitate them.
According to researchers, Mathematics as a curriculum discipline operates with the complex of learning elements which have
really complicated nature. On the one hand, they are mental forms that help to distinguish them from other concepts. On the
other hand, mathematical concepts stand for abstractions of numerical relations, space representation of real objects etc.

In scientific papers it is also pointed out that mathematical objects (concepts, theorems, rules, algorithms etc.) are
strongly connected both with each other and with non-mathematical objects. They form in such a way a network with numerous
links which reflect the structure of mathematics. This structure can be shown as a graph where nodes represent mathematical
and non-mathematical objects (components), and edges reflect relations on them. It is also emphasized that this is the reason
why it is really complicated for pupils to grasp mathematical knowledge and integrate it into their own minds [1].

In addition, all mathematical objects have peculiarities of their perception and mastering by trainees which are vital to
bear in mind for educators. In particular, concepts must be formed on different levels of their understanding and has to be
applied to various kinds of activity: from using in theorems to practical tasks solving. At theorems introducing, it is important to
motivate trainees to analyze the sense of the proposition and find relations to known concepts, theorems, rules etc. In the process
of learning the theorem proof, researchers recommend to concentrate on the proof search and conclusions argumentation.
Algorithms mastering as an element of educational content expects revealing of the sequence of operations, their analysis,
establishing links with other elements of knowledge etc.

On the other hand, mathematics is considered to be instrumental and outlook base for learning many other disciplines.
That means that the pupils’ holistic perception of the world depends on their success in mastering mathematics and
understanding the mathematical interpretation of the various phenomena.

Thus, these peculiarities determine features of trainees’ activity on the mathematical content mastering, and at the same
time direct the teachers’ work. According to the studies, doing Mathematics, the trainees have to perform the set of complicated
actions such as: taking in abstract concepts, establishing causal relationships within mathematical facts, revealing aspects of abstract
and real objects, dividing them into parts, constructing, determination of sequence of procedures and their implementation etc.

In the terms of conventional approach to teaching and learning, these activities can cause significant trainees’ difficulties,
which can not contribute to proper understanding of mathematical objects. It might also result in the formation of poor base for
other disciplines learning, lack of integrated knowledge and skills. However, nowadays holistic approach to Mathematics
education is being elaborated, which can be characterized as a comprehensive paradigm that promotes the cohesive
development of the whole child at the intellectual, physical and emotional levels [13; 14]. More over, children are encouraged
to apply mathematical skills to daily real-life tasks and their activity in the fields of their interests.

Analyzing basic principles of holistic paradigm (in particular, [8; 9]), we could distinguish several ones which seem to be
significant in terms of exactly mathematical education. The first principle focuses on the students’ freedom and autonomy, which
means that a pupil is considered to be an active participant of the cognitive activity who interacts with science and reality via his
own actions, manipulations and experience.

Next important pillar of the holistic approach is necessity to establish links and relationships between the object of learning and
existing knowledge. The more connections trainees have, the stronger memories are formed in their minds and better understanding of
the whole they obtain. As it was mentioned earlier, making right connections by students means realizing how mathematical objects are
linked to each other and how they match to the real objects as well as to the concepts of other branches of science.

Transdiciplinarity pillar also means links making, but it rather focuses on ruining boundaries between Mathematics and
other subject fields as well as between Mathematics and reality in the process of teaching and learning. Thus, such an approach
gives trainees understanding how mathematical objects work together and how they unite other subject areas.

The analysis of peculiarities of Mathematics as a curriculum discipline and holistic approach to its learning testifies a need
to apply efficient didactic aids which enable to facilitate the learning and teaching processes.

One of such tool seems to be computer models. Models application to Mathematics mastering adjusts with theory of
generic models which decomposes the cognitive process into the levels of generalization and abstraction and focuses on the
manipulations with the basic model of some mathematical object [5-7]. According to the researchers, at the generalization level,
where students work independently with the model (as an image of a mathematical object), their minds build the chain:
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experiences > generalization - basic model. At the abstraction level, when students’ are offered the set of key tasks with the
model, it loses its direct association with specific object and transforms into abstract knowledge whose structure is richer than
that of the basic model. In such a way it is built the chain: basic model = abstraction = abstract knowledge.

An analysis of the trainees and teacher’s activities in the implementation of holistic approach to mathematics learning
testifies that for its support a significant role can be played by exactly computer dynamic models. They can be attributed to
educational software, which represents a model of the system under the changes caused by some events in real time, by the
movement of objects in space etc. These aids must meet the requirements of scientific nature, accessibility, visibility, practical
application, etc. It is important to underline that the requirement of visibility in terms of holistic mathematical education must
be considered not only as a possibility to visualize mathematical objects for trainees’ passive contemplation, but rather as an
advantage to provide active transforming activity in which the students independently build models or manipulate with them.
After analyzing computer models, establishing significant links between their components, highlighting certain signs, pupils will
be able to form and develop techniques of mental activity [10; 11; 12].

Key didactic tasks with computer models must be characterized as those which encourage trainees’ mental activities; are
focused on the reality of the cognitive situation; have research purposes on the basis of modeling; generate conditions for
trainees’ awareness of the contradiction between known and unknown etc. The tasks performed with computer models very
often include computational experiments at the formation of fundamental abstract concepts. It enables to obtain their visual
interpretation, to verify known propositions, to realize them deeper via active manipulations and changes of the model
parameters [10; 15].

METHODS OF RESEARCH

During the research, the set of theoretical, empirical, and modelling methods were applied. Theoretical background for
the computer models elaboration made comprehensive analysis of the current mathematical curriculum [3], demands to the final
requirements to the pupils’ knowledge and skiils [2], and learning of related subject areas, held by the authors beforehand. In
order to meet the main principles of holistic approach to mathematical education (covered earlier) it is also necessary to reveal
key mathematical objects, establish connections between them, and build chains of proper internal and transdisciplinary links.
The detailed process of models building is covered below.

RESULTS OF THE RESEARCH

The results of the theoretical analysis were used at the design of the authors’ complex of computer models which can be
implemented in terms of the realization of holistic approach to school Mathematics learning.

The process of the models elaboration covers some phases. At the first step, mathematical model of the future computer
model is created. At this point it is provided: (1) revealing the essence of the proper concept, its links with other mathematical
and non-mathematical objects; (2) defining of the dependencies which enable to illustrate and explore the concept; (3) revealing
the fixed and changeable model parameters along with the range and step of their altering; (4) picking up proper graphic elements
which are able to visualize dynamic changes; (5) thinking over the tasks which are relevant to solve using the model.

At the second phase the mathematical model is transformed into computer one by the means of the MS Excel and VBA
programming language. The table of values of the functional dependencies with references to the cells with variable parameters
are built. Their original values are set. Necessary charts and their elements are built. Proper control elements are created on the
worksheet and the algorithm of actions that must be implemented when manipulating control elements is developed. Then
proper VBA procedures are elaborated.

The next phase is devoted to the testing, debugging and improving of the model.

The fourth phase of the models creation is focused on the development of didactic support for the implementation of
the holistic approach to mathematical education which includes the set of specific tasks for trainees: (1) the scheme of work with
the model, aimed at grasping the essence of the concept as well as the the scheme of the computing experiment are determined;
(2) it is found out what learning material should be offered as an explanation, what heuristic questions should be asked, how to
summarize the results of work with the model etc; (3) the developed didactic support is included into the MS Excel worksheet
using special controls elements (command buttons that call the windows with the required text fields, buttons and other
interface elements); 4) the interface of the model is adjusted.

The final stage of the development of computer models is devoted to their testing and analysis of the results of their
implementation.

The complex of the computer models embraces some groups of models directed on the facilitating the mastering of a
number of abstract mathematical concepts.

The first group includes the models (Models 1-3) which are aimed at the understanding the essence of the derivative
concept, its relations to the limit notion, its geometric and physical interpretation. There are the models like "Motion in a straight
line: instantaneous velocity", "Motion under the influence of gravity", and "Motion of the point along the curve: positions of the
secant and tangent lines. Derivative").

Let us describe the work with the model "Motion in a straight line: instantaneous velocity" as an example of the models
implementation. Using the tools of the model, the pupil is able to direct At to 0 and observe how, with decreasing At, the distance
AS decreases and directs to the value $ = F (t). As a result of manipulating the instruments of the model and answering the
proposed questions from didactic support, the student is encouraged to make the conclusion that the instantaneous velocity of
a traveler, who is moving along a straight-line road, at the moment of time t is naturally to be defined as the limit of the ratio of
path increment to the increment of time when it goes to 0. The episodes of pupils’ work with the model "Motion in a straight
line: instantaneous velocity" and its didactic support is shown on the Figure 1.

Similar didactic support stimulates pupils to manipulate with other models of the first group. It enables them to
understand that all the considered examples of the motion leads to a mathematical operation that must be performed with the
function to find the instantaneous speed of its change (velocity of a traveler motion, speed of the body at falling, speed of
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changing of the amount of electricity, etc.). This operation is the finding the limit of the ratio of path increment to the increment
of time when it goes to 0. Thus, in such a way pupils obtain deep and holistic understanding of the derivative concept along with
the links with other mathematical and non-mathematical objects.

The following group (Models 4-5) is devoted to the study of the concepts of continuity and discontinuity of the function,
awareness of the conditions of continuity of the function. Two functional dependences at different intervals of the argument
value are used to build the models. With the help of the model "Continuity of the function” students are encouraged to make a
conclusion as for the connection between function continuity and having its derivative at a point. Also the set of tasks of the
didactic support helps to realize the reasons of the function discontinuity. The episodes of pupils’ work with the models 4-5 and
their didactic support is shown on the Figure 2.
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Fig. 1. The episodes of pupils’ work with the model "Motion in a straight line: instantaneous velocity"
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Fig. 2. The episodes of pupils’ work with the models "Continuity of the function” and “Discontinuity of the function"

Models 6-7 serve to solve a range of research tasks. They can be used to study simultaneously the growth and decrease
of a function, the behavior of the tangent to the curve when passing via the points of maximum and minimum of the function,
and the necessary and sufficient conditions for the extremum existence. The work with the complex Model 6 (“Extremums”) can
be organized as a set of tasks similar to the following ones.

Task 1. 1) Give the definition of ascending and descending functions; 2) Use the scroll bar to give X a positive increment.
Using the definition and your monitoring of the model behavior, determine the areas of growth and decline of the function;
3) Determine how the slope tangent changes in these areas and at the point E.

Task 2. Observe the behavior of the tangent to the curve and changes on the chart of the tangent to the tilt angle and
find out: 1) how the function behaves when the slope tangent is positive; 2) how the function behaves when the slope tangent is
negative; 3) formulate the theorem on the sufficient condition for growth (decay) of the function.

Task 3. Using the scroll bar, decrease the increments for X to 0 and find out: 1) how the tangent looks at the point E;
2) what value the slope has; 3) recollect how the points are called, in which the derivative of the function (the tangent of the
slope) is 0 or does not exist. Is the point E such a point? 4) formulate the Fermat’s theorem and illustrate its proposition using
the model (Fig. 3).
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Fig. 3. The episodes of pupils’ elaborating the task 3 with model “Extremums”, illustrating the Fermat’s theorem
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Model 8 allows students to hold computational experiment, based on the fact that the numerical approximated methods
of derivative functions at a certain point can be calculated using finite differences. Didactic support of the model offers a plan for
conducting approximate derivative calculations with different steps of the argument changing, and encourages students to
observe how these values are gradually directed to the exact value of the derivative function at a point calculated analytically.
The model enables students to change the parameters of the function and the coordinates of the point where the derivative is
calculated. It allows the model to be extended to a wide range of functions. The results of the computational experiment provided
by the Model 8 are given on the Figure 4.
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Fig. 4. The results of the computational experiment provided by the Model 8

Models 9-11 of the complex are devoted to the learning of a definite integral concept, its geometric interpretation, and
exploration of its properties. In particular, the models of this group enable to Illustrate and realize the mechanistic interpretation
of Newton-Leibniz's theorem. Selected moments of the models processing are given on the Fig.5.
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Fig. 5. Selected moments of the models 9-11 processing

DISCUSSION

On balance, characterizing represented complex of computer models, it is important to emphasize their potential as for
their implementation in terms of holistic approach to Mathematics school learning. The key tasks of didactic support to all of the
models stimulate the autonomy of trainees’ thoughts and judgments which they obtain via active learning, which matches the
main pillar of holistic education.

In addition, the elaborated models encourage trainees’ mental activities and involve them into the reality of the cognitive
situation. They enable students to obtain not only visual interpretation of abstract mathematical objects, but also to establish
strong connections between concepts providing them with deep understanding how mathematical objects are linked to each
other and how they match to the real objects. These characteristics testify that the models are able to contribute to holistic
Mathematics learning.

Finally, the presented complex of models provides transdisciplinarity, as the activity with them gives trainees
understanding how mathematical objects work together and how they unite non-mathematical subject areas.

Thus, the complex of computer models as for their functionality matches main principles of the holistic education, such
as independent cognitive activity, connections establishing, focus on the ruining boundaries between subject fields and reality.

CONCLUSIONS

In accordance with the purpose of the paper, the authors’ complex of computer models and their didactic facilities as for
the abstract mathematical concepts mastering by schoolchildren is represented. All groups of the models are characterized along
with the examples of their classroom using in terms of holistic approach to school Mathematics learning. Their holistic potential
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is covered. It seems to be relevant to predict positive influence of the computer models implementation on the forming of
trainees’ holistic system of knowledge and skills. Elaboration of proper methodology of its diagnosing and estimation might be a
prospect of our further research.
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BUKOPUCTAHHA KOMMNIOTEPHUX MO,CI,EI'IEVI B YMOBAX PEAI'II3AL|,I'I' LicHoro niaxoay
A0 HABYAHHA MATEMATUKU B LLIKOJI
J1.1. binoycoesa, /1.E. [pusyH
Xaprkiscbkuli HayioHaneHuli nedazozivHuli yHisepcumem imeHi I'.C. Ckosopodu, YkpaiHa

AHomayia. AHani3 npobaem cyvyacHoi mamemamu4yHoi oceimu ceidyume Mpo HeobxiOHicme yOOCKOHasneHHA nidxodie 00 HABYAHHSA.
MamemamuKa cb0200Hi, AK CKAAOHA iHMe2poB8aHa HAyKa, MpazHe cmamu MOCMOM MiMC Pi3HUMU npedmemHumu obaacmamu, Wo
BUKAUKAE Binbwy 8amcaugicms 21ub0K020 PO3yMiHHA ii OCHO8. 3 iHWO020 60Ky, 8UBYEHHA MAMEMAMUKU BUABAAEMbCA OyHe
CKAAOHUM 071 WKOAAPIB, OCKifbKU 80HA OMEpPye CUCMEMOIO MOHAMb 3 8UCOKUM pieHemM abcmpakuil. Takum 4uHOM, 32i0HO 3
00CNiOHeHHAMU, YABAAEMbCA HEObXIOHUM 8POBAGHEHHA XOAICMUYHUX 0C8IMHIX ideli y suKnadaHHA Mmamemamuku 8 wkoni. Lie
moxce dornomozmu copmysamu y WKOAAPI8 KOHUEHMPOBAHI KOHUernmyasbHi MamemamuyHi 3HaHHA ma noaeawumu ix
BUKOPUCMAHHSA.

PopmyniosaHHA npobaemu. OOHak, wob egekmusHo 3acmocosysamu uinicHUli nioxio, mMu MosuHHi 036poimu eyumenie HaneHHUMU
dudakmuyHUMU 3acobamu. 38axcaro4u Ha eulesuksadeHe, pPo3pobKa Komm'tomepHux modeneli ma ix ernpoeadreHHs 01
yinicHo20 susYeHHA MamemamuyHux 0b'ekmie cmarmMe aKMyanbHUMU 0415 Cy4acHoi ocgimu. Memoto cmammi € npedcmasneHHsA
a8MOPCbKO20 KOMIEKCYy KoM 'tomepHux modesneli ma ix OudakmuyHoi NidmpumKu Wj000 ONaHy8aHHA WKOAAPAMU abCMPaKMHUX
mMamemamu4HUX MOHAMb. Bucsimaemosca makox< poab moodeneli ma pekomeHOayili 047 iX 8UKOPUCMAHHA 3 MOYKU 30py
yinicHo2o nidxody 0o 8uUBYEHHA MAMeEMAMUKU 8 WKOII.

Mamepianu i memodu. AHani3 HU3KU 00CnidxXeHb 0aE 3Mo2y ChopMyaeamu meopemuyHi ocHosu w000 ocobausocmeli 080100iHHA
cmydeHmamu mamemamu4yHUMU 06'ekmamu, a makox« 3’acysamu mpyoHoWi, AKI MOXyYyme 8UHUKHYMU Mi0 4yac Ha84YaHHA, ma
3anponoHysamu iHcmpymeHmu 075 ix no0onaHHA. Y x00i 00cnidnceHHA 3acmoco8aHo HAbip meopemuyvHux, eMnipu4HUx ma
modentotodux memodis. TeopemuyHum nid2pyHMAM po3pobKu Komn 'tomepHuUx modeseli € KomnaeKcHUl aHani3 YUHHOT HaBYaAbHOI
poz2pamu 3 MamemMamuku, 8UMoau 00 KiHYe8ux 8umoe 00 3HaHb Y4YHiB,  MAKOXC 8UBYEHHS 8i0N08IOHUX NpedmemHux obaacmedl,
AKi agmopu nposenu 3a30anez2idb. [ mozo, wjob 80080AbHUMU OCHOBHI MPUHYUNU UinicHO20 nioxody 00 MamemMamuyHoi oceimu,
HeobxiOHO MAKOX« 8UABUMU K/OY08i MAMeEMAamMuyYHi 06'eKmu, 8CMAHO8UMU 38'A3KU Mix< HUMU, Nobydysamu AAHU02U HAEeHHUX
B8HYMPIWHIX | MpaHCOUCYunAiHapHuUx 38'a3Kie.

Pe3ynemamu. Pe3ynbmamu meopemu4yHo20 aHanisy byau suKopucmaxi npu po3pobyi aemopcbKo20 KOMAeKcy Komn'tomepHux modenel, AKi
doyinbHO 3acmocosysamu 8 yMoeax peanizayii YinicHo2o nidxody 00 HABYAHHA MAMEMAMUKU 8 WKOi. KoMrseKc 0XOonstoe Kinbka
epyn moodesnel, CpAMOBAHUX HA Ose2uleHHs OCBOEHHA PA0Yy abCmpaKmHUX mMamemamu4vyHuUX MoHAms. BucsimaeHo npouec
po3pobKu modenell, ix pyHKYioHan ma OudaKmuyHy niompumky. O62pyHMOB8AHO MA NMPOAHAI308GHO NOoMeHYian Po3pobeHo20
Komriniekcy Kommn'tomepHux modeseli w000 ix peanizauyii 8 ymosax yinicHo2o nioxody 00 8UBYEHHA MAMeEMAMUKU 8 WKOJII.

BucHoBKu ma nepcrnekmueu nooasnbwio2o 00CAiOHCeHHA. YA8AAEMbCA MOXCHUM O4YiKy8amu no3umueHuli 8Mau8 8rnposadHeHHA KOMI'tomepHuxX
modeneli Ha hopMyB8aAHHA UinicHOI cuCMeMU 3HAHb | HABUYOK y4Hie. PO3pobKy HanexHoi MemoOuKu il diaeHOCMy8aHHA Ma OyiHKU
¢nid 8idHecmu 0o nepcriekmMue ModanbUWo20 00CAIOHEeHHS.

Kntouosi cnoea: yinicHul nioxid, mamemamuy4Ha ocgima, Komn'tomepHi Mooesni, HaB4YaHHA MAMEMAMUKU 8 WKOs1i, 080/100iHHA abCMpakmHUMU
noHAMMAMU, OUOAKMUYHI MOXCAUBOCMI Komn'tomepHux modesnel.
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