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Abstract

The difficulties of learning the paradigm of object-oriented programming by university students are con-
sidered. Two approaches to learn object-oriented programming: Object-First (learning this paradigm at
the start of programming learning) and Object-Later (prior learning of structured and procedural pro-
gramming) are described. The expediency to use the second approach consisting of two levels is proved.
The requirements to knowledge and skills being necessary for object-oriented programming are formu-
lated. A review of programming languages used in both levels is presented. The conclusions are made;
recommendations to study object-oriented programming are given.
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AHHOTanus

[IpeAcTaB/ieHbl TPYAHOCTH U3y4eHUs] KOHLENINH 06 beKTHO-OPUEHTHPOBAHHOTO TPOrpaMMUPOBAHHUS CTY-
JeHTaMu. OnycaHbl /iBa MOAX0/A K U3yYeHHI0 06'beKTHO-OPHEHTHPOBAHHOTO NporpamMmupoBanusi: Object-
First (u3yueHue 3TON KOHLENIMH C HA4aI0M U3y4eHus porpaMmMupoBanus) u Object-Later (npeaBapuTe.b-
HOe M3yyeHHe CTPYKTYpPHOTO M IPOLEAYPHOrO NporpaMMupoBaHusi). OGOCHOBaHA Iie/1eco06pa3HOCTD
NPUMeHEeHHsI BTOPOTO MOAX0/a, COCTOSIILETO K3 ABYX ypoBHe#. ChopMy/IMpoBaHbI TpeGOBAHUS K 3HAHHSM U
YMEHHUSIM, HeOGXOAUMBIM JIJ/Is1 U3y4eHHs] 06'beKTHO-OpHeHTHPOBAHHOT0 TpOrpaMMUpoBaHusl. [IpeacTaBieH
0630p s13bIKOB IPOrPaMMHPOBaHHs], UCIO/Ib3yeMbIX Ha IEPBOM U BTOPOM ypOBHsiX. Cie/1aHbl BHIBOABI, AAHbI
peKoMeH/aliH 10 06YYEeHHIO KOHLEMIHMH 06 beKTHO-OPHEHTHPOBAHHOT'O TPOrPaMMHUPOBAHHIO.

Ki1roueBsble €/10Ba: 06yyeHre 06beKTHO-OPMEHTUPOBAHHOMY IPOrpaMMHUPOBaHHIO, T0AX0A Object-
First, moaxon Object-Later, cTpykTypHOe mporpaMMHpPOBaHKe, IPOLie/[lypHOe IPOrpaMMHUpOBaHHeE.

[ uuTUpOBaHMA: Jmumpuesa T. A, [lpyykos A. B, ITolavku A. H. [IByXypoBHEBOe 06y4eHHe CTy-
JIEHTOB By30B 00'beKTHO-OPHEHTHPOBAHHOMY NporpaMmupoBaHuio // CoBpeMeHHble HHPOPMAIOH-
Hble TexHosoruu U HT-o6pasoBanme. 2019. T. 15, Ne 1. C. 200-206. DOI: 10.25559/
SITIT0.15.201901.200-206
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Introduction Learning by structured and procedural programming

Object-oriented programming has been dominating in the field of
programming languages since 1990s. Modern industrial software
development is made on the programming languages based exactly
on this paradigm. Therefore, mastering object-oriented program-
ming is necessary for university graduates.

The purpose of the study is to demonstrate modern approaches,
their peculiarities as well as the problems of object-oriented pro-
gramming study met by future programmers.

The authors of the paper teach the students of different directions
and specialties connected with software engineering to learn pro-
gramming in Ryazan State Radio Engineering University.

Programming Paradigms

In object-oriented programming a program is considered to be the
interaction of objects. Each object is an instance of some class. An
object is characterized by state (a set of instance variables) and
functionality (a set of methods). Object-oriented programming is
the development of two preceding paradigms: structured and pro-
cedural programming.

E. Dijkstra was the originator of structured programming in the end
0f 1960s [1, 2]. The fundamentals of structured programming are as
follows: using only structured control flow constructs of concatena-
tion (sequence), selection and repetition, development of programs
using only top-down development. Structured programming al-
lowed to decrease the time for program development and debug-
ging as the correspondence between the step of computing and the
fragment of program realizing it could always be determined. Mas-
tering the technology of structured programming allows an average
level skilled specialist to design programming code of increased
complexity that will be abundant in this case.

Increasing complexity of software systems led to structured pro-
gramming being transformed into procedural (procedure-modular)
programming in late 1980s. Structured programming had no clear-
ly defined criteria to divide programs into modules. Procedural pro-
gramming introduced the criterion of modularity. This criterion
was based on the concept of abstraction levels [3, 4]. Each routine
solved one task on its own abstraction level directly using lower lev-
el routines.

The evolution of programming paradigms allowed to develop pro-
gram systems of higher complexity in comparison with former one
making development tools also more complex in mastering and us-
age. Therefore, the process of programming study has also become
more complicated.

Approaches to the study of object-oriented
programming

Object-First approach

Object-First approach (sometimes - Object-Early) presupposes the
study of object-oriented programming without any prior study of
other paradigms. The basis for this approach is the fact that struc-
tured programming and object-oriented programming are mostly
nothing else but the way of thinking. In the first case the task is de-
scribed as an algorithm, in the second one it is seen as object inter-
action and interconnection. If you start learning structured pro-
gramming first followed by object-oriented one, it'll be harder to
switch from one way of thinking to the other.
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The approach called also as Object-Later (or Imperative-First), pre-
supposes prior study of structured and procedural programming by
students. After this step only they start learning object-oriented
programming.

Comparison of the approaches

The papers that compare these approaches make ambiguous con-
clusions. The article [5] considers Object-First approach to be effi-
cient. The discussion given in [6] represents the advantages and
drawbacks of both approaches. The opinion presented in [7] shows
the approaches being different only by topic sequence.

Our experience in teaching students programming using these ap-
proaches allows us to make the conclusion about higher efficiency
of Object-Later approach compared to Object-First one. The whole
material given below describing this approach while teaching the
students object-oriented programming is the result of 20 year expe-
rience of our work in the university.

Requirements to knowledge and skills
necessary to study object-oriented
programming

The experience with different approaches to teaching the students
programming allowed us to formulate the requirements to knowledge
and skills being necessary to learn object-oriented programming.

To start the study of object-oriented programming a student should
know the foundations of programming and be able to represent the
solution to the task as a program. The text of a program should cor-
respond to the paradigms of structured and procedural program-
ming.

Further basic knowledge and skills necessary for a student to mas-
ter object-oriented programming are listed.

Programming foundations:

- data types;

- operations (including mathematical ones);

- control structures;

- work with complex data types;

- data input and output;

- program debugging;

- program text design according to programming languages con-
ventions.

Structured programming:

- writing or transforming program text into the form corresponding
to the paradigm of structured programming;

- structured top-down development.

Procedural programming:

- principles to divide programs into routines;

- ways to exchange data between main program and routines;

- local and global variables;

- formal and factual parameters;

- creation of user module libraries.

First-year students usually have no skills and knowledge men-
tioned above. Consequently, the study of object-oriented program-
ming is realized on two levels.

Two-level study of object-oriented pro-
gramming

The first level is the level when the foundations of programming,
structured and procedural programming are studied. The knowl-
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edge and skills of students achieve the required level. During the
second level on the basis of skills received before, the study of con-
cepts as well as skills in object-oriented programming takes place.
Prior procedural programming experience is a predictor of success
for the object-oriented language, but it is not necessarily a predictor
of success for object-oriented programming [8]. Therefore in both
levels students learn programming technologies but not program-
ming languages. Programming language is considered to be the
means of programming technology realization. The task of deep
mastering the language itself is also achieved.

Object-oriented programming is intended to develop complex pro-
gramming systems. Therefore the knowledge of structured and pro-
cedural programming is of vital importance for students to get pos-
itive results. This fact proves the necessity of two-level study.

First level of study

Tasks for the first level of study

The task on the first level of study is to learn students to program in
such a way for their skills by the end of this first level to correspond
necessary requirements mentioned above.

In this level of study the students learn paradigms of structured and
procedural programming. Different programming languages can be
used here. Below we shall review programming languages as well
as their peculiarities used on this level.

Programming languages for the first level of study

Currently a great number of different programming languages can
be observed, both classic and modern ones. Here the question aris-
es on what programming language should be chosen to receive the
knowledge and skills listed above.

Basic. 1t was created in 1964 as an interactive language to be
learned by students-nonprogrammers enabling them to create pro-
grams independently in a short period of time [9]. Basic belongs to
the family of high-level programming languages as it has a large
number of different dialects oriented to interpret program code
(leading to the decrease of program runs performance). Nowadays
from simple, even primitive language Basic transformed into inde-
pendent language called Visual Basic being used to develop applied
programs for Windows operating system.

The disadvantages of Basic can be listed as follows.

1. Basic variations of the language don’t allow to teach students
structured programming [10]. The reason for this is the originality
of control structures and routines being substantially different from
the syntax of other programming languages.

2. Visual Basic language is not intended for primary step of learning
but for the solution of other tasks, particularly, for office programming.
Pascal. This language is purposefully created by N. Wirth in the end
of 1960s - the beginning of 1970s to teach students structured pro-
gramming [11]. Pascal is necessarily characterized by the division
of a program into features (sections describing variables, types,
constants, procedures, functions, etc.), as well as by strict data types
and unambiguous interpretation of any command [10].

The same as Basic, the language has different dialects with intro-
duced changes. The most famous realization of Pascal language pro-
viding language distribution and development is considered to be
Turbo Pascal created by Borland [12]. Further development of Pas-
cal is Object Pascal language implemented by the means of ob-
ject-oriented programming. Object Pascal is used in Borland Delphi
programming environment where considerable language exten-
sions were introduced [13].
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At present in order to learn programming with the help of Pascal in
academic process we use open source development environment
Pascal ABC possessing the whole potential for study. This environ-
ment functions on .NET platform. Programming language of Pas-
cal ABC.NET environment includes not only classic Pascal language
but also the majority of possibilities offered by Object Pascal and all
modern programming language features such as classes, interfaces,
lambda expressions, garbage collection and many others. These fea-
tures allow to separate the study into necessary stages mentioned
in the article given, i.e. to receive basic knowledge in the sphere of
programming first, and deepen the knowledge received with the
skills in object-oriented programming later.

The shortcoming of Pascal in study is the fact that in practice it is
applied only in creating simple programs as it is quite difficult to
use it for complex program development.

Python. This programming language suits both study and complex
projects programming. Python is powerful high-level object-orient-
ed programming language [14], developed by G. Rossum in the end
of 1980s.

This is a portable language with sequential syntax, modules and
simple scaling leading to easily read source codes of programs writ-
ten in Python. Developed programs contain less number of code
strings in comparison with other programming languages.

Python supports different programming paradigms including struc-
tured, procedural, object-oriented and functional programming.
This language has interactive console where the command can be
entered and the result can be immediately seen. Besides, Python is
an interpreted programming language, i.e. any word processor will
work with it. For convenient work an open source integrated devel-
opment environment PyCharm Community Edition can be used.
Python is the highest growing programming language; according to
the IEEE Spectrum programming language rating made in 2018 it
ranks the first [15]. According to other ratings this language also
features the leading ranks.

The main disadvantage of Python usage for programming basics is
the lack of formalization; it has dynamic typing when the type of
variable is determined only in the course of its execution. This fact
can lead to the number of errors difficult to be found by a novice
programmer. The other disadvantage is caused by a short period of
its learning in our country leading to insufficient usage of this lan-
guage here.

Nevertheless, Python can be definitely recommended to be used on
the first level of study to receive initial programming skills, as well
as the second level of study while learning object-oriented pro-
gramming technology.

C. C programming language was developed by D. Ritchie in the end
of 1960s - the beginning of 1970s [19]. It is a powerful, fast, pro-
table general-purpose programming language. C is the first lan-
guage used to write an operating system.

Cis the language used for developing wide spectrum of applications
from operating systems such as Windows and iOS to applied soft-
ware for different devices and embedded systems.

This language can be considered as the language for programmer
beginners. It is simple, has various features to write complex pro-
grams and is widely used throughout the world. Mastering C lan-
guage helps to learn other high-level languages originating from it
(C++, Java, C#).

From the viewpoint of learning the main drawback of C is the lack of
full realization of procedural programming technology (has no pro-
cedure concept, a peculiar definition of function, etc.)
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Ruby. It is dynamic object-oriented high-level programing language
developed by Yu. Matsumoto in the beginning of 1990s. It is also
recommended as the language to be taught at the start of learning
programming. Ruby is characterized by dynamic typing and auto-
matic memory control. All data here are objects unlike many other
languages which feature primitive types, and each function is con-
sidered to be a method.

Ruby is used in web-development within open source web-frame-
work Rails. According to ratings and official site of Ruby, this lan-
guage enters the dozen of most popular programming languages.
The growth of popularity for this language is caused by the popular-
ity of software written in Ruby on Rails.

Ruby advantages are as follows: open source, portable, very
high-level programming language having high abstraction level and
objective approach in implementation of algorithms, implements
conceptually pure object-oriented paradigm, provides advanced
methods to operate with strings and text. The programs written in
this language have good scaling and are easily maintained. Simple
syntax of this language considerably facilitates the first steps of
learning this language by programmers®. Ruby is an interpreted lan-
guage, the file can be written in any word processor and run as a
script using interpreter.

Drawbacks of Ruby are the following: further, more advanced learn-
ing of this language can be difficult due to insufficiency of the re-
sources devoted to Ruby, it has lower performance compared to
other languages used in web-development, it is developed rather
slowly and not so popular in our country.

The experience of our teaching the discipline of programming in the
first and second year of study for the specialization of 09.00.00 re-
lated to Computer Science and Computer Technology and has
shown that the best languages to be taught for beginners in pro-
gramming technologies are Pascal and Python.

Second level of study

Stages of object-oriented programming study

As it was mentioned above, object-oriented programming has made
development tools more complicated. Therefore, the process of
learning object-oriented programming includes two stages.

1. Introduction to basic concepts (class, object) and principles (in-
heritance, incapsulation and polymorphism including dynamic
binding).

2. Study of different types of interconnections between classes and
objects, requirements to class design.

Object-oriented programming introduced a large number of new
interconnections between the parts of a program not found in
structured and procedural programming, such as:

- interactions between data classes and utility classes;

- design patterns [16, 17];

- refactoring [18].

Requirements to class design have also been introduced [17].
Interconnections and requirements are aimed to simplify the pro-
cess of program change and to expand its functionality.

The first step is studied both theoretically and in practice. The sec-
ond step is mainly aimed at practical study with a little use of theo-
retical material due to the fact that simple example can’t illustrate
the essence of interconnections and requirements to design. There-

fore, the second step of study is the analysis of the exercises with
explaining correct and false choices of interconnections and class
structures.

The second level of study also realizes learning concepts and princi-
ples of object-oriented programming, but not the programming lan-
guage itself, so the choice of language is determined by the presence
of required concepts and principles in the language. The languages
chosen for the second step of study are C++, Java, C#, as well as
abovementioned languages Python, Ruby and other object-oriented
programming languages.

Software development technologies

Object-oriented programming is closely connected with software
development technologies. These technologies are based on the us-
age of special libraries and frameworks that reduce programming
time. Modern technologies replace the old ones meaning that aca-
demic process lags behind the process of industrial development. It
is practically impossible to reduce this lag as the period between
practical application of technologies and their study at the universi-
ty equals 4-6 years. Besides, learning new technologies requires
time for methodical study and preparation of new textbooks.
Nevertheless, it is necessary to introduce the students into the
world of new technologies. In order to do this, free collaborate
classes of university teachers and leading specialists of part-
ner-companies are organized for students providing them with
most popular and promising methods to solve the tasks given as
well as forming professional competence of future specialists.

Conclusion

The following conclusions should be made.

1. Mastering the paradigm of object-oriented programming is com-
pulsory for a student who learns programming. A number of diffi-
culties can arise while learning this paradigm.

2. To study object-oriented programming a student should have
knowledge and skills of structured and procedural programming.
3. To teach object-oriented programming two approaches are used:
Object-First and Object-Later. The first approach concerns the study
of object-oriented programming without prior studying the founda-
tions of structured and procedural programming. According to the
second approach, the foundations of structured and procedural pro-
gramming are studied first; the skills received on the first step are
made use of in the process of studying object-oriented programming.
4. While teaching the students object-oriented programming we
have used both approaches. Object-Later approach has shown the
best results judging by our experience.

5. The review of programming languages used on the first and sec-
ond levels is made. According to our experience, the best language
taught on the first level are Pascal and Python, on the second level
- C++, Java, C#.

6. Learning on the second level should be two-staged: 1) introduc-
tion to basic concepts and principles of object-oriented program-
ming; 2) studying the types of interconnections between classes
and objects, requirements to class design.

Programming paradigms considered represent the main direction
of programming languages evolution. The usage of functional and
logic programming paradigms for the first steps in programming
study is considered in [20].

! Eggleston L. Your First Language: Ruby vs Python [Electronic recourse]. Course Report. March 2, 2018. Available at: https://www.coursereport.com/blog/ruby-vs-

python-choosing-your-first-programming-language (accessed 25.01.2019). (In Eng.)
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The problems and peculiarities of studying object-oriented pro-
gramming presented in the article can be different in different uni-
versities and for other specializations which opens the field for dis-
cussion on the topic.

It is reasonable to master some part of the material at the start of
studying programming languages in secondary school.

It is also rational to start learning programming in secondary school
allowing teachers to provide university students with additional pro-
gramming technologies. Currently, the Unified state exam in computer
science covers such programming languages as Basic, Pascal, C++ and
Python, which means studying these languages at school.

At present software development companies experience quite seri-
ous lack of qualified specialists in this field. The President of the
Russian Federation in his messages determines digitalization as a
priority direction in the development of Russian economy which
means the application of high-tech breakthrough technologies. Con-
sequently, to prepare qualified programmers knowing modern
technologies is a cutting-edge task nowadays.
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