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Analysis of theoretical and methodological bases of teaching
object-oriented programming languages in higher s¢hool

One of the most urgent tasks of our time is the problem of teaching in higher education. The gask,of teachers
is to train young people in the field of the latest computer technologies. When teachinggthe teagher must
also change the methodology of training specialists in higher education in an adequately ehanging pace of
development. Recently, there has been a definite bias towards the creation of softwafe fomcomplex systems,
the tasks under consideration are becoming much more complicated, so therefare not edoughyold‘techniques
and methods used earlier to create simple or formalized programs. And in this regard, we will consider in
detail the paradigm of object-oriented technology, which is developing at the)present time.
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Software changes due to the appearance on the market offuewdinformation technologies. The subject area
of computer science changes in an extremely dynamic way,

Teachers of higher school that teach subjects associated|with the technology of software creation are
constantly faced with the problems of changing the cofitentyof ‘@urricula, working programs, methodical support
(lectures, labs, tests, etc.), the development of new f€aching and learning aids.

In connection with the application in the edueationahprocess of the various versions of educational software,
teaching guides on the use of this software haye to beyaccordingly changed.

A certain bias towards the creation ofgoftware for complex systems has been recently observed; the tasks
under consideration become much moré eomplicated, so the old techniques and methods previously used to
create simple or formalized programsfare notienough.

Teachers themselves have difficultiesito acquire literature and e-learning programs. Lack of financial oppor-
tunities for the acquisition of high<guality“scientific literature is a factor that the level of training teachers in
higher educational institution§Tags behind the fast-changing pace of development of new information technologies.

Rapidly changing software and PC models require accordingly the change in the content of working programs
on the courses «Progr@mming #e€hnology» and <«Algorithmization and programming languages». Students’
training for professional activities is based on a set of necessary information subjects. Such a set should contain
a sufficient number of theerefical and, especially, practical lessons.

Information profilejsubjects mentioned above are conducted in accordance with SES RK 23.08.1080-2012
curricula |1

The Bachelor’s ‘qualification characteristics (specialty 5B070300 — «Information Systems», 5B070500 —
«Mathiematical and computer modeling») in the Kazakhstani universities standards reveal the content of
professional “@€tivities, which envisage the creation of information systems components, the production of
software and software systems. Requirements to the key competences of the Bachelor on the specialty 5B070300
— «mformation Systemss point out that Bachelor should be able to program with the use of modern instrumental
tools te solve the professional tasks in a competent and responsible way. Thus, these educational standards reflect
the requirements of the modern information society to those skilled in the activity. Requirements to the key
competences of future specialists in computer science and information technologies declare the ability to create
software products for complex systems.

Analyzing the list of information subjects taught in the universities of Kazakhstan, we can get an idea
of what level of program complexity graduates will be able to develop on the basis of acquired knowledge,
proceeding from the content of the proposed subjects and their volume.
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Kazakhstani universities’ working plans have been considered and that showed a great variation in the
number and volume of information subjects.

As it follows from the analysis performed, many universities, with few exceptions, teach students of informat-
ion specialties to create programs for the formalized tasks or simple programs.

At the modern stage of social development, the needs of educational, industrial, commercial entities have
significantly increased, and simple programs no longer meet them. However, training of students of information
specialties today lags behind growing requirements. Education of students of information specialties has not
been provided yet with the necessary theoretical basis for the creation of complex software systems, the nedessary
subjects are often presented in the curricula fragmentary, in the list of elective courses. They include systems
analysis, programming in real-time regime, systems theory, WEB-programming, multimedia pregramming,
object-oriented programming, CASE-technology and UML language, etc.

In order to justify the use of the methodology of teaching the technology of the creatién of software/for
complex systems in the educational process of information specialties it is necessary to consider its structure
and content in details.

Complex systems in their development (life cycle) go through the following stagds: plamning and risk
assessment; system analysis and requirements analysis; designing algorithms, data striactures and program
structures; encoding; testing; support. The use of pedagogical complex «Creatiofi"ofysoftware products for
complex systems based on the use of object-oriented technologies» developéd by{thefauthors{f2] is expedient
in the methodology of teaching the technology of the creation of software forieomplex systems. The role of the
pedagogical complex is that it contains special courses, workshops, tutorialsyeteqthat describe each of the above
mentioned stages, the sequence of their execution. Synthesizing, we obtain the software product for the initial
system.

As stated above, one of the ways to solve the problem of teaching programming at the level of the creation
of programs for complex systems is the use of the proposed pedag@gical complex «Creation of software products
for complex systems based on the use of object-oriented technélogies$in the educational process of information
specialties. The need for the introduction of this complex into“the educational process is supported by the
results of the Kazakhstani universities curricula analysis, ‘@s the disciplines associated with the creation of
software products for complex systems are currentlyfnot“@emprehensively taught, which adversely affects the
preparation of information specialties students for their professional activities.

Obvious advantages of software creation tedhifiplogiesséire the natural character of their methodology, the
use of similar terms application areas, the ability to use‘afriendly user’s interface. In addition, the software
creation technology assumes the unity andfa small namber of basic designs, openness, extensibility, reusability
of modules and their universality.

Software creation technologies would bedbest used in the development of bulk software products. The
intensification of information progessas predetermines the need to improve education. It is possible to consider
various aspects of the problem; theréare philosophical, social, psychological and pedagogical issues of the modern
information society’s functiofiing.

They determine the followinlg ways to improve the system of education:

— an active use of iiformatiémSystems in the management of education;

— formation in the\trainees| of the desire for self-learning as an essential factor of the individual to adapt to
the changing conditions éfytdie professional activity;

— the use of the medern means of communication to find information and get an access to it.

The curzent state of educational research related to the programming teaching process is characterized by
the searcli andfapplieation of formal methods, system-cybernetic approach to constructing methodical training
systemis. But the development of educational technology of programming teaching, which allows achieving the
teaching objeétives under the conditions of the object development of information processes, is far from being
completed.

Many believe that the solution of the modern pedagogical problems requires a significant upgrade of teachers’
relation to the definition and development of educational objectives, selection, structuring of their content,
searching for new teaching methods and technologies. We pay our attention to the necessity of timely teachers’
retraining with the use of innovative technologies for the development of new methods of work with students.

The study of innovative pedagogical technologies can be considered as the basic methodological approach
based on complementarity of methods of science and human cognition.

The following ones can be considered to be the leading features of pedagogical training technology: diagnosti-
cally specified objectives, reproducibility, determinism of teaching process, its division into stages, stages algori-
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thmization, determination of stages consequence, teaching process control, presentation of the studied
content in the form of the system of cognitive and practical tasks, orienting basis and ways of their
solution.

We should also pay attention on the fact that nowadays it’s necessary to conduct various researches on
such issues as the description and measurability of educational objectives, means, results, availability of the
educational content to the technological form of its presentation (training courses are often incorrect, illogically
designed, which doesn’t allow them to be technologized).

Extensive use of cybernetics, synergetics, information science in the development of innovative pedagogical
technologies is defined not only in teachers’ scientific researches but also in the regulatory educational documents
of many countries. For example, even the report «Education policy and new information technolegiess af\ the
IT International UNESCO Congress in 1996 emphasized the special importance of informatieft™ technologies
as components of computer science, taking into consideration their wide application il various subject
areas.

It also says that the distinguishing feature of the modern concept of teaching computer scienceineducational
institutions is the use of the latest achievements of information technologies for the systemic, modularformation
of training, based on the activity approach that allows, on the basis of the state educational standards, creating
a program oriented on the future professional activity of students, taking into acco@intitheiripérsonal interests
and abilities [3].

The analysis of theoretical research and practical experience on the path ofimproving#eaching with the help
of information technology tools have led to the conclusion about the necessity efssearching for a new apparatus
which can provide an overview of this subject area, in accordance with modern principles of didactics and an
appropriate subject area in conditions of information processes infensification.

The way of thinking and its typical programming techniques makeythe programming paradigm. There is a
direct link between the high-level programming languages and the,existing programming paradigms.

The main part of the modern subject of information sciencétaught'in most universities, represents questions
connected with the programming teaching, the development\offalgorithmic thinking in students, and their
preparation for the future professional activities using the latest instrumental systems and tools.

However, the increased requirements for this agtivityydetermine the need to improve the content and
methodology systems of teaching programming. The \ever-increasing necessity for professionals, who are able
to handle procedural, object-oriented, logical am@functionél approaches to the development of algorithms and
programs, makes students necessarily managefall the\progtamming paradigms [4].

Analysis of modern methods and orgaafizational forms of teaching programming in the university computer
science courses determines the need tostablish a system of courses based on the integration of programming
paradigms, which is designed in acdOrdance aith the concept of computer science as a scientific discipline.
Defining the essence of computer,scieneg,subject and that of programming concept, it should be noted that
programming is an essential part“ef Gomputer science. Programming accumulates engineering issues of the
algorithm implementation udder the given spatio-temporal restrictions, taking into account the entire life cycle
of a software product. Modern computer science course is the basis for the use of computers and software in the
future professional actiity of,stiudents.

Learning of several\languages and programming paradigms enables us to use information technologies in
the educational process ongafnew level of quality, makes it possible to form the necessary professional qualities
of a future spedialist.

The content ofithe training courses on computer science depends on the development of modern information
and telecommaunication technologies and on this basis is constantly being improved. Today, there is the need to
develop, a'specialized system for training students, whose future profession is related to the area of computer
science and thé use of information technologies.

These are university students, whose future professional activity field is the development and operation of
software, and students, who are studying for a degree in computer science. In the light of the development
of these students’ training due attention should be paid to the study of theoretical fundamentals and specific
algorithmization and programming techniques [5].

A modern course in programming, based on the study of all the approaches to the development of algorithms,
should give the necessary knowledge about the different linguistic means and other programming tools that allow
building information technologies at this stage of computer science development.

Analysis of the development of programming ideas and their teaching shows that the main factor in their
improvement has been the problem of creating software products for complex systems.
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In this connection, let us consider in more details the object-oriented technology paradigm, which currently
develops.

An integral part of this stage is a visual programming technology. Some examples of programming languages
used at this stage are Turbo Pascal version 5.5, Smalltalk, C ++, etc. The development of programming at this
stage is carried out in two related directions:

— the development of the object-oriented approach;

— the development of the environment for the production of software tools offering higher level principles of
decomposition, abstraction, and hierarchy.

It should be noted that after the development of structural programming standards an opportunity %o put
software production process on an industrial scale has appeared. However, today due to the increasingscomplexity
of software and the requirement to reduce the time of its development, there appeared a needfto creatéinew
programming technologies. The result of studying methodological approaches to the problemgdf software degign
is the development of methods of decomposition, abstraction, and the construction of a hierarchy On this basis,
the object-oriented methodology has been created.

Processing of a variety of information is carried out today with the help of computer teehnologies,
which are improving very quickly. In the study of any models with the help of a computer user is studying
changes in the state of objects and their interactions, which requires a gélidyrepresentation of an
object, and the software that defines the relationships between objéets thatd are, closely associated
with it. The object-oriented approach to the development of software meets Bhestgthe solution of this
problem.

The modern stage of information science development is accompanied byythe increase in requirements for
software quality, which leads to the formation of a new programming paradigm. In this regard, scientific-
methodological designs of the pedagogical information science deal with the issues of correspondence between
the content of teaching information science, in particular, progtamming,and the current state of computer
science, which can be realized on the basis of the object-orientéd approach.

At present the tendency of transition of software developmentito the object-oriented basis can be noticed.
Object-oriented programming is the main paradigm of the‘¢reation and development of the modern software
for complex systems.

In the theoretical and applied programming the ‘ebject-oriented approach develops the most intensively. Its
systemic application gives an opportunity to cxéateystruetiired, reliable and easily modified software systems.
These circumstances explain the interest in the objectroriented approach and the object-oriented programming
languages.

Nowadays almost every programming System 1S characterized by the object-oriented features. Thus, high-
level programming languages that doynot haye means to work with classes and objects, acquire language
extensions that allow realizing the,benefifs of the object-oriented methodology. For example, the object-oriented
language creation in C++ can_be comsidered as the necessary extension of C structural programming language.
Object-oriented interface is Becoming more common in the modern software systems today. These methods are
being used in local as well as in“global network systems.

Object-oriented deyelopmentiis’a brand new mode of thought in programming, which is based on abstractions
that exist in the real werld. It 18 a process of logical design, which gives an opportunity to express abstract notions
in a clearer way, df also‘takes an interaction between the customers and software products developers easier.
Object-oriented development serves as a medium for the specification, analysis, documentation and interface,
as well as forgprogtamming.

System reguirenieénts analysis for the object-oriented approach comes down to the development of this system
models, The applied-oriented program system design starts with the analysis of requirements, which the system
should/meet“T"is caused by the need to identify the purpose and conditions of system operation to make up
i, pfeliminary draft. Modeling is a widely used method of studying complex objects and events. Models give
an ‘@pportunity to explore system working capabilities at the early stages of its development, help to clarify
system? requirements, and if necessary, allow correcting system design at any stage or phase of its life
cycle.

In the object model, it is necessary to reflect notions and objects of the real world, which are important
for the system being developed; the model describes the structure of the objects that make up the developing
system, their attributes, operations and relations with other objects. Description of the set of objects and
actions performed on them defines the class concept. In accordance with the terminology of the object-oriented
programming language an object class is characterized as the defined base data type, and a separate object — as
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a variable of this type. The definition of object classes for a specific set of tasks allows the individual to describe
the problem in terms of the class of problems.

The object-oriented approach requires the following during the program development: the attribution of the
object used; the declaration of these objects; the creation of the necessary objects instantiations; the declaration
of their interconnections.

Object-oriented approach requires to identify classes of objects used in the program, to build their description,
and then to create samples of the necessary objects and to define interaction between them during the program
design.

In the process of object-oriented subject area analysis abstractions and their general properties, the presence
of which greatly simplifies the development of the applied task, are revealed. Object-oriented analysis has three
stages:

— building information model, abstracting real entities in terms of objects and attributess

— constructing the state model to formalize life cycles of objects and display of this model thzough diagrams
and transition tables, where the interaction between objects involve sending messages about elrrent events
happened to them;

— development of process models, in which the actions of states models are subdivided int@ fundamental
and reusable processes.

There are other approaches to the object-oriented analysis:

— formal description method, where nouns and verbs in the subject area description ate revealed. Nouns are
considered as candidates to form classes, and verbs - as candidates to operate with these classes.

— structural analysis, wherein due to the system model, represented by the data flowcharts, external events
and objects, data basis, control flow and control flow transformafion are noticed. Further, on the basis of the
data flow analysis and the control flow analysis, classes and claSs metheds are revealed.

— designing, as we can see, implies taking into account the sétpof \conflicting requirements. Its products are
models and algorithms that allow understanding the structuré and functioning of the future system, balancing
requirements and outlining the scheme of its application. Each\madel describes a certain part of the considered
system in a certain aspect. Designing is to develop models ofythe future system.

Object-oriented designing is a progressive iterative process. The boundary between the object-oriented
analysis and designing is conventional, the construction of the software product consists of a series of cycles, in
which the descriptions of classes and the interactiéigbetween them are specified, programs that implement them
are developed, their debugging and testing are conductedjand according to the results of each stage working
documents of the previous stages are clarified,\descriptions of classes and programs are being finalized. These
cycles are repeated until the desired res@ilt:

In the object-oriented approach t@ithe soffware development one should base on the following assumptions:

— program is a model of a real process, that is of a part of the real world;

— a model of the real world (or‘part thereof) can be described as a collection of interacting objects;

— an object should be deScribed with a set of parameters, the values of which determine its condition, and
a set of operations that it can perform;

— interaction betwgen objectsfis carried out by sending messages from one object to another; a message
received by the object\requires certain actions, for example, changes in the state of the object;

— class of similaBobjeets is made up by objects described by the same set of parameters and capable of
performing the@ame set,of actions.

Computemsoftware used in the production, business, research and other areas are developed on the basis
of the redl-worldsmodels. Models of real processes and systems are characterized by a set of variables called
variable states. Changing the state of the process or system corresponds to a change of model’s state variables.
Mathematical®model is generally described by a set of state variables and the relationship between these
variables. State variables can be numeric or non-numeric, including words and sentences of a natural language.

Development and designing of complex systems programs is a time-consuming process. As an approach,
organizing the structuring of the mathematical model and the simplifying of its programming, there is the
object approach, which reflects the real system as a collection of interacting objects. The information model is
designed by the principles of the object-oriented approach to research, design and implementation of the real-
world models in computer environment. Object-oriented programming includes the best features of structural
programming, complements it with new ideas, which transfer it into a new quality approach to creating programs
that is ranked as the most modern approach to the creation of programs for complex systems. This technology
is justified not only in terms of the process of drawing up the algorithms, but also in terms of the results of
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current research in the field of psychology, where the separation of subject area into objects and identification
of their interactions most accurately correspond to the process of human mental activity.

Regulations on functional-system and object organization of mental processes are justified in psychological
and educational research. Based on the research results of mathematical modeling, psychological and pedagogical
aspects of the computerization of education and conclusions about the object-structural nature of human mental
activity, and taking into account the degree of preparedness and practical opportunities for students, as well
as the real need for the technological process of development of new information technologies, the need for
teaching object-oriented programming at universities that prepare specialists in computer science sh
noted. Application of object-oriented programming allows us to quickly develop complex software pr
Therefore, the study of subjects’ cycle on the object-oriented programming allows graduates ofgi ion
specialties change the direction of their work from the applied to the systemic, depending o el
necessity.
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2Korapbl MEKTEHT ‘bEKTLTi-0aFrbITTaJIFAH OaraapiaMaay
TLJIepiHiH Teo oJlicTeMeJIiK HeTi3JepPiH OKBITY/IbI TaJaay

Bisgin 3amMaHbIMbL eH ©3eKTi MiHjeTTepiHiH 6ipi »Korapbl OiiM Gepye OKBITY Mocesaeci GOBIT Ta-
Obutaanpl. MyrasmiMuepiHAMIHIeTI — »KacTap/bl XKaHa KOMIILIOTEPJIK TEXHOJIOIUSIAD CAJIACHIHIA OKBITY.
aJTiM

»KoFapbl 6L1iM Gepy cajlaChIHIaFbl MaMaHIAP/Ibl JasipJIay/IblH OJiCHAMACHIH ©3-

AKBITTa KYPIEJi XKyifesep YIIiH Oarmap/iaMablK, XKacaKTaMaHbl KYPyFa KATBICTHI
6ap, KapaJblll OTBIPFaH TAIICBIPMaJap dJIIeKal1a Kypaeai OOJIbII KeJlel, COHABIKTAH
ece bopMasITaHFaH GargapaMaIapibl XKacay YIIH OypPhIH KOJJAHBLIFAH €CKi 9/1icTep MEH
1. Ocbrran 6aityTaHBICTBI, OYTIHTI KYHI JAMBIT KeJle *KaTKaH OO beKTUBTI-0arbITTAIFaH TEX-

Am ce30dep: Tanaay, 93ipJey, Kypae xKyienep, aknapar, 06beKTiIi-0arbITTaJ ral KO3Kapac, MOJIE b, 611iM
Gepy, o9aicTep, egaroruka, ajaropuTM.

78 Bectauk KaparanmuHckoro yHuBepcuTeTa



Analysis of theoretical and methodological bases...

B.IMTasxmerosa, H.Opymbaera, I11.Omaposa, FO.AnTunos

AHaan3 TeopeTuKo-MeTOd0JIOTMTYeCKIX OCHOB ITPEenoaaBaHUS
00'bEKTHO-OPUEHTUPOBAHHBIX S3bIKOB IIPOrPAMMIPOBAHUSI
B BBICIIICI IITKOJIC

O1HO#t N3 caMBbIX aKTYaJbHBIX 33129 HAIIIEI'O BPEMEHMU sIBJISIETCS [IPOOJIeMa IIPEIOIaBAHUsl B BBICIIEH IIIKOJIE
3a/1adueil meIaroroB sIBJSIETCSI MTOJATOTOBKA MOJIOMBIX JIOeil B 06JIaCTH HOBEHIINX KOMIIBIOTEPHBIX TEXHO-
snoruit. [Ipu mpenogaBanunm mmemaror JOIKEH aJIeKBATHO MEHSIOMIMMCS TEMIIAM Pa3BUTHUsI M3MEHUT,
METO/JIUKY IIOATOTOBKHM CIIENMAJIMCTOB B BhICIIEN ITKoje. B mociieinee Bpems HAOIIOIAETCA O,
VKJIOH B CTOPOHY CO3JIaHWSI MPOrPAMMHOTO ODECIIedeHnsT JIJTsl CJIOYKHBIX CHCTEM, PACCMaTPUB
3HAYUTEJILHO YCJIOXKHSIOTCS, ITO9TOMY HEJIOCTATOYHO CTAPBIX IIPHUEMOB M METOJ/IOB, IIPUMEHSIB
JJIsI CO3aHNS IPOCTHIX Miid (popMaIu3yeMbIX IporpaMM. V1 B 910l cBaA3U HOAPOOHO PACCMOTPHUM IT UTMY
00'BEKTHO-OPUEHTUPOBAHHON TEXHOJIOTUHU, KOTOPasi pa3BUBAETCSI M B HACTOSIIIEE BpEMsI.

Karoueswie caosa: ananmms, pa3paboTka, CIOKHBIE CHCTEMBI, HHMOpMAIus, 00bEeKTHO:0D BaHHBII
MIOZIXO/T, MOJZIe/Ib, OOPA30BaHUE, METO/IbI, II€JJATOIHKA, AJITOPUTMHUIAIINA.
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