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Abstract. The article studies the formation of an algorithmic culture of students
and pupils in learning mathematics, computer science, and project activities. The
objective of this work is to study the level of involvement of the algorithmic ap-
proach in the educational process with the help of various educational technolo-
gies in the study of mathematics, computer science, and the use of project ap-
proach in future engineers' training. The introduction discusses the historical as-
pect of the origin of the terms "computational thinking" and "algorithmic think-
ing" and their relationship with different types of learning activities in mathemat-
ics, computer science, and engineering education. It is further noted that the terms
"algorithmic approach” and "algorithmic culture™ are used in the context of the
usage of the concepts "algorithmic thinking" in solving educational and research
tasks. In the main part of the work, the problem of using algorithmic thinking is
considered using multiple examples. The authors also analyze the problem of us-
ing an algorithmic approach in training future teachers of mathematics and com-
puter science, in basic training of engineers and computer software specialists.

In conclusion, the authors suggest that the algorithmic approach and algorith-
mic thinking are among the fundamental factors that determine the quality of
mathematical and computer education. The algorithmic culture of future special-
ists should be developed and maintained throughout the training process.

Keywords: algorithmic thinking, algorithmic culture, information technol-
ogy, educational process, project-based approach.

1 Introduction

The modern education system imposes new requirements on students that determine
the amount of knowledge and skills that they should get by taking part in the educa-
tional process. An important place is given to the way or culture of thinking that con-
tributes to the better assimilation of this knowledge. This is largely due to the rapidly
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growing need to train not only highly qualified information technology professionals,
but also people who could get only familiar with these technologies at least at the basic
level.

Experienced teachers note that the result of students' activities at different levels de-
pends on how clearly and consistently the student realizes and implements the algorith-
mic value of their actions. What and in what sequence he does, as well as what he needs
to acquire and what the expected result of his actions should be are only a few examples
of what to be thoroughly understood. To a larger extend, this is related to the algorith-
mic culture of the person, which is characterized by the ability and willingness of the
student to make and use various algorithms as part of the educational and extracurricu-
lar activities. In this regard, it should be noted that the constant use of algorithms in the
classroom should guide students to the understanding and awareness of every step and
action.

In educational communication, awareness and handling of linguistic and algorithmic
elements are an important integral part of the educational process. Due to this, in mod-
ern education there is a new school subject — Algorithmics, which is aimed at the for-
mation and development of algorithmic thinking of students, providing for learning
basic algorithmic structures and algorithms of various types.

We know that foreign scientists also carry out research that is related to algorithmic
culture and algorithmic thinking. It suffices to say that historically, we encounter the
term "computational thinking" first. Wing's works, (Wing, 2006, 2008) [1, 2], (Grover
& Pea, 2013) [3] are among the first papers that should be attributed to the basics that
define the concepts "computational thinking" and "algorithmic thinking". In his first
research (Wing, 2006), Wing defines "computational thinking" as "solving problems,
designing systems and understanding human behavior, based on concepts fundamental
to computer science". Searching for an approach to the definition of "computational
thinking", Wing uses a rather vague phrase, combining various forms of intellectual

activity: "thinking recursively", "using abstraction and decomposition when solving
large and complex tasks or designing complex systems", "using heuristic reasoning to
find solutions". However, from the above reasoning, it is difficult to build a clear un-
derstanding of what is meant by the term "computational thinking". Although the ex-
amples allow seeing the general trend, something in common, the underlying reasoning
about computations and algorithms. In Aho’s (2012) work [4], we find somehow
clearer definitions: "computational thinking" as the thinking, the process is involved in
the process of formulating a problem, so that its solution can be represented as compu-
tational steps and algorithms. It is also important to understand the "computational™ and
"algorithmic thinking" as the distinction between the concepts "conceptual” and "pro-
cedural" knowledge, the discussion of which began from Hiebert and Lefevre in 1981.
In their work [5] “"conceptual knowledge" is treated as knowledge built on relationships,
"knowledge-rich in relationships™ (a so-called network model of knowledge). Aho de-
fines "conceptual knowledge" as a connected network, in which the connecting rela-
tionships are as significant, as the individual pieces of information. "Procedural
knowledge™ is defined as knowledge that consists of two parts. One part consists of a
formal language or symbolic representations. The other part relates to algorithms or
rules aimed at the solution of mathematical or other computational tasks. The authors
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[6] tried to compile (construct) the definition of "algorithmic thinking", based on the
experience of the discussion of "computational thinking" and the results of a survey of
several prominent mathematicians on the methods and approaches they used in their
work when solving complex problems. As a result, it has been concluded that "algo-
rithmic thinking" is close to the concept of "procedural knowledge". In this case, "al-
gorithmic thinking", as the researchers note, "...goes beyond the implementation of a
procedure or even explanations why the procedure works. This type of thinking in-
cludes planning and development steps of the algorithm, to understand the general
meaning of what | have to do the algorithm, and the availability of parts for the suc-
cessful implementation of the algorithm™ [6].

A lot of works has been dedicated to the development of both computational and
algorithmic thinking among students and schoolchildren. The authors of the paper [7],
as an example, consider algorithmic thinking as the key to developing the talent for
understanding computer science. For the development of this type of thinking, it is pro-
posed to use difficult-to-solve problems that become more understandable if they are
correctly defined and visualized. The work [8] also discusses ways to improve the un-
derstanding of algorithms through their graphical representation and animation. In [9],
it is noted that algorithmic thinking is considered to be an important step towards learn-
ing to program for novice programmers. This paper describes a game specifically de-
signed to improve their algorithmic thinking skills. After introductory training, using
game technology, the authors conducted a survey and compared the answers given by
young men and women to the same questions about their attitude to this game. The
authors of the article mention that young men were more interested and point out the
positive impact of the proposed gaming technology. The article [10] considers the pos-
sibility of teaching children algorithmic thinking, starting from preschool age. The main
paradigm of the proposed approach is to demonstrate to children an ability to find so-
lutions to problems that arise in front of them, by dividing the problem into parts and
finding the solution step by step. We see that in several works, the authors, using the
established terminology, do not focus on the differences between computational, com-
puter, or algorithmic thinking, considering these concepts as synonymous. So in the
study [11], we reveal the material that describes a special scale that is designed to de-
termine the levels of computational thinking skills (CTS). As a result of the analysis,
the researchers conclude that the scale is an effective and reliable measurement tool
that could adequately assess students' computational thinking skills. Another interesting
approach is found in [12], which facilitates revealing the level of programming
knowledge obtained before entering the technical faculty by conducting special surveys
and tests.

Thus, we have shown that the problem of educating algorithmic culture and using
algorithmic thinking has not lost its relevance in different educational systems over the
years.

Now, we are going to see to what extent the algorithmic approach can be introduced
into the educational process with the use of various educational technologies.
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2 Results

Forming of the algorithmic culture of students contributes to the conscious perception
of educational material. When building a training algorithm, the following components
are to be remembered:

¢ understanding the basics of the algorithm and its properties;

¢ understanding the basics of the language as a means to write an algorithm;

knowing of techniques and tools for recording algorithms;

understanding the algorithmic nature of the subject's methods and their applications;
being competent at school course algorithms;

understanding the basics of computer programming.

It should be noted that the formation of the algorithmic culture of students can be car-
ried out by various methods and means. Such tools can be selected, for example,
through project training, practical work in a group, drawing up algorithms, reporting an
algorithmic model on a training topic, etc.

The characteristic of the algorithmic approach to learning for different categories of
students indicates the features of its use in different educational environments. Here are
some examples.

In shaping the professional focus of future mathematics teachers, students are of-
fered to construct some algorithms. In this regard, it is important to know that the school
course of mathematics in this aspect offers a wide range of algorithms, e.g., the algo-
rithm of reduction of fractions to a common denominator; the algorithm for the solution
of construction tasks; the algorithm study of the function and construction of its graph;
the algorithm for calculating the area of a curvilinear trapezium; the algorithm study of
the mutual location of two straight lines, etc.

Analysis of the educational experience in school leads to the conclusion that teaching
mathematics necessarily involves learning algorithms, therefore, the ability to formu-
late and apply algorithms in the study of any subjects of the school course of mathe-
matics is extremely important. The advantage is, of course, the method that allows stu-
dents to open the necessary algorithms on their own. In this case, it involves the imple-
mentation of three stages of learning mathematical material, which is summarized in
Table 1.

Table 1. The stages of learning mathematical material

Decomposition of the material into independent parts and structuring them as sepa-
rate steps of the algorithm

Formulation of algorithm steps for students by using clear wording in the form of
deterministic instructions

Applying the generated algorithm concerning different examples (using different in-
put data)
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Describing training activities with specific regulations or rules is a substantial part of
the process of building algorithmic elements. Further, specific subject content can be
presented in the form of "a teaching algorithm", which has a methodological focus. For
this purpose, to build an algorithm for a training session, students who study to be math
teachers should learn to analyze the content, goals of training, the students' activities
for learning it, and the teacher's activities for organizing this learning, and to build an
algorithm for studying a specific mathematical topic.

We believe that algorithmic problems play an important role in forming the algorith-
mic culture of students. Moreover, the compilation of algorithms in the course of math-
ematics is also valuable for a variety of problem types. Educational practice shows that
the most effective of them is the execution of tasks according to the algorithm, the
development of a sequence of actions with justification, the compilation, and testing of
algorithms, and the design of algorithms. About a particular subject area, in teaching to
solve stereometric problems as part of a course on analytic geometry, these are algo-
rithms that are used to solve such problems using a vector-coordinate method to find
the angle between the crossing right lines, as well as the angle between the planes,
between the line and the plane, the distance from the point to the right line, the distance
from the point to the plane and the distances between the crossing right lines.

Some effective ways of using algorithms in the educational process in doing graphic
tasks in the process of teaching graphic disciplines, as part of, let’s say, the study of
design geometry, have been proposed by teachers of Novosibirsk State Architectural
Construction University (SIBSTRIN) [13; 14].

Another example in our research concerns using an algorithmic approach and pre-
sents the field of further education. It associates with work on interdisciplinary projects,
which are based on the use of information technology. In Fig. 1, we show a block dia-
gram of the algorithm that is based on a similar project. At the beginning of the project
session, the project manager explains to the project team that the work on the project
will be most efficient if the entire design process is divided into a certain number of
steps performed in a given sequence. The work on such projects should begin with for-
mulating a problem (elaborating technical specifications). Simultaneously the team
should examine the relevance of the issue and reveal "the interested parties”. At the
next step, the whole group participates in the search for possible solutions to the prob-
lem. The expected outcome of this work should be finding conceptual solutions to the
problem. Once the conceptual solutions are chosen, the team performs the architecture
design of the project, i.e. working out the component-relating details. This step can be
associated with the construction of a structural model of the project.

After that, the choice of basic components and a description of the rules of interac-
tion between them (the construction of a functional model) are made. The next stage
involves drawing up tentative estimates of costs of the project and the creation of a
prototype device (in most cases devices are technical solutions).
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Fig. 1. Block diagram of project work within the design session

The final phase of work is to defend the project with a demonstration of positive and
negative features, justification for the need for development, and showing the unique-
ness of the development. Before the final part, the prototype must be tested and infor-
mation about the test results is used to finalize the project.
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The functional model can also be described as an algorithm for the functioning of
the developed device. The fact that it is one of the models used in the design process
once again confirms the need to develop algorithmic thinking among students and
schoolchildren who are involved in project activities.

As an additional example of using the algorithmic approach, we can review the ex-
perience of projects that used the interface method [15]. Based on Gorno-Altai State
University in 2016, an educational "blitz" project was implemented. Its main task was
to develop a system of ozonation of vegetables for long-term storage. It was necessary
to develop an ozone generator of vegetables (implements for comparative analysis of
different methods of ozone treatment), to devise technology for the process of ozona-
tion, and methods of evaluation of results of the experiment. It was an interdisciplinary
project. First, it was necessary to develop and manufacture the device (ozonizer), to
develop and implement a method of calibration of a product that would be efficient in
determining the quantity of ozone generated in a certain period and processing of veg-
etables, the technology of analysis of the quality of the vegetables before processing,
and through particular periods during the storage.

The project was divided into four project modules, each had its interface with other
modules and with the "environment". The functioning of each of these design modules
is easily represented in terms of a simple "quasiparallel” algorithm (part of the steps
that can be performed simultaneously). "Ozonation": the creation of devices that gen-
erate a controllable portion of the ozone; "Analysis of concentration": the development
of chemical analysis technologies o0zone concentrations; "Processing™: development of
technology for processing of vegetables; "Quality Analysis": the analysis of quality of
vegetables [15]. A schematic presentation of the decomposition results is shown in Fig-
ure 2.

0OZONIZATION > PROCLSSING
h
ANALYSIS OF ANALYSIS OF
CONCENTRATION QUALITY

Fig. 2. Decomposition of the design modules

The project interfaces method, proposed in [15], allows breaking a complex project into
simple functionally complete "stand-alone" projects, which may be interpreted as steps
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of the algorithms, which interact with each other through a predetermined format for
the exchange of information. It is agreed that there is a particular member of the team,
who is in charge of the information exchange part. There is a project to create an inter-
disciplinary assessing polygon by a creative team of employees of Physics, Mathemat-
ics and Engineering Technology Institute of Gorno-Altaisk State University (PMETI
GASU). The project has been accomplished, but the work is still developing. Its first
idea was to organize an infrastructure that could be used to simplify the processes of
preparation and to conduct various measurement experiments on Earth Sciences. The
polygon was supposed to ensure uninterrupted power supply, systems for data trans-
mitting and storage, video monitoring, organization of thermally stable spots for taking
measures, as well as boxes and greenhouses with particular microclimatic parameters
specified by the program change of the internal temperature, humidity, and light needed
to conduct agro-technological experiments.

In the process of implementation of the pilot version of "The measuring polygon",
the project was divided into smaller complementary projects, the work on which was
carried on for three years. Thus, the research team singled out and realized the follow-
ing modules: "Measurement and monitoring", "Data pre-processing and archiving",
"Visualization and search of events" and "Research and modeling". All such projects
can be managed either by one person, or a project team consisting of several students,
postgraduates, and teachers. The algorithm for the interaction of the project modules in
"The measuring polygon™ is shown in Figure 3.

MEASUREMENTS AND MONITORING

v
PRE-PROCESSING AND ARCHIVING

v

VISUALIZING AND SEARCHING
EVENTS

v
RESEARCH AND MODELLING

Fig. 3. The algorithm of the interaction of the project modules of "The measuring polygon"

There is a positive experience in project work that is based on using the algorithmic
approach. We refer to the project "Establishment of a network of schools implementing
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innovative programs to test new technologies and content of training and education
through competitive support of school initiatives and networking projects”, held in the
framework of special federal programs designed for education development in 2016—
2020. The work was carried out at "Gorno-Altaisk Lyceum-School No. 6 n.a. I.
Z. Shuklin", where the algorithmic approach was applied to a project "Intelrob Re-
source Center of Educational Robotics" [16].

In the system of basic school education, the algorithmic approach is introduced into
the educational process, when the case-study method is used as a means to form meta-
subject universal educational actions in school students.

To determine the effectiveness of the usage of the case-study method, a variety of
techniques have been used by researchers [17]. The problem of meta-subject develop-
ment of universal educational actions of school students as one of the most important
problems in modern education is connected with different aspects of the concept of
"meta-results" and a wide range of elements in its composition [18].

When we use the project method, the implementation of the pedagogical potential
of case-projecting in the development of meta-subject universal educational actions
makes it possible to determine the need for scientific verification, development, and
testing of this technology and to consider it as an effective means of developing the
investigated quality in students of the school. In the process of experimental work that
was carried out based on School No. 5 of the Altai Krai in Altai District, the case-study
technique was developed and introduced at the level of general education [18]. The
process of case-projecting is presented in the form of steps the following algorithm:

1. acquiring case information (analysis, identification of case accessories, search prob-
lems, object definition of the research subject, the nomination of hypotheses);

2. the individual creative activity of a student for creating a new content (formulation
of a plan, collecting information, conducting experiment, synthesis, making conclu-
sions and interim assessment of the case-projects through the submission of perfor-
mance in competitions and conferences);

3. defense of the case-study project at a school event (festival), the expert evaluation
result of the case-study project.

The assessment of the level of how efficiently the meta-subject results form and de-
velop in students when the case-study method is applied reveals positive dynamics of
the development of meta-subject of universal educational actions of the students at the
level of general education.

3 Conclusion

The examples of the application of the algorithmic approach in the process of teaching
students help to the conclusion that the algorithmic approach and algorithmic thinking
are among the fundamental factors that determine the quality of mathematical and com-
puter education. We believe that the algorithmic culture of future specialists should be
educated and supported throughout the teaching process.
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