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Abstract. The article deals with the concept of “algorithmic thinking.”
Details show the distinctive features of algorithmic thinking and the
problems that arise in teaching Computer Science. Such phenomenon is
called the “mosaic thinking,” which is also discussed in the paper.

Global development of information technologies and digital innovations is rapidly changing
not only our lives but also the way we think. On the one hand, computers are adjusted to the
needs of the people, but on the other hand, a person is also adapting to the new realities of
the digital age. The current generation of children cannot count without a calculator, or
memorize large amounts of information, but they can search for and find the necessary
information in different sources, as well as analyze it very quickly, without lingering on one
single source of information for more than a couple of seconds. Such phenomenon is called
“mosaic thinking”. This process may be treated either as degradation or a new stage of
development. For instance, James Martin calls people with mosaic thinking “people of the
screen”, and he predicts there will be a decline in people’s mental abilities first, but then
they will develop a new level of thinking [7]. Such supposition may be challenged and
criticized, but there is no doubt that a computer is becoming an inseparable part of a
person’s life. It is necessary to learn how to use a computer today, but at the same time it is
important to preserve those functions of a human mind that cannot be performed by
computers.
We believe that algorithmic thinking is a compromise, which, on the one hand, allows
to operate computers efficiently (with the help of the knowledge of the basic algorithmic
patterns such as sequence, branching, loop, transition, call, as well as the ability to use this
knowledge properly and efficiently when creating a simple algorithm on the basis of
elementary mathematical operations or developing complex algorithms on the basis of
simpler ones), on the other hand, it preserves our ability to generalize, to have inspiration,
to rely on intuition and to make free choice, which, in fact, makes human mind different
from a computer program [4].
The concept of algorithmic thinking is widely used in practice, but it is often understood
as a mere ability to develop a program. There are also such concepts as operational and
object-based thinking, which are often used as synonyms of algorithmic thinking. Thus, it is
important to compare these concepts and to give the definition of algorithmic thinking.
It is obvious that any type of thinking is a mental activity. All types of thinking are just
individual aspects of cognitive abilities of people that appear in different spheres of mental
*

Corresponding author: nggu-it@mail.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

SHS Web of Conferences 55, 03016 (2018)
ICPSE 2018

https://doi.org/10.1051/shsconf/20185503016

and object-based activities. It is not a coincidence that such phrases as “thinking style” or
“algorithmic thinking style” are frequently used. The word “style” indicates the
peculiarities and the features of a certain subclass of objects that exists within a larger class
of objects. For example, the “baroque style” is an art style of a certain period of European
history. However, we are going to apply the term “algorithmic thinking” rather than the
category “algorithmic thinking style”, the former being a synonym of the latter. Thus we
will get rid of terminological ambiguity that is found in many papers referring to the aspect
of thinking either as a way of thinking or a style of thinking.
Algorithmic thinking as a concept first appeared in teaching computer science, but it is
obvious today that the concept of algorithmic thinking is important in daily life, as the basic
knowledge of computer science is important in everyday routine for setting up domestic
appliances, for example. No doubt, algorithmic thinking is an important part of intellectual
activity of a person.
It should be noted that the concept was developed in the period of structured
programming. It is based on algorithmic decomposition paradigm in problem solving. The
transition to object-focused paradigm in information technologies does not reject the ideas
of algorithmic thinking, but it expands the concept instead.
Well-developed algorithmic thinking is very important for computer program
development. If a student does not have the skills of algorithmic thinking, even the
knowledge of one or different programming languages will be of no use. This fact explains
the situation when a student has good knowledge of computer science, but cannot use it to
solve a new problem. For instance, even if one knows a pretest loop well, they may fail to
calculate the sum of a series of numbers. At the same time the peculiarities of algorithmic
patterns are that their inseparable feature is their formality, which makes it impossible to
study them in isolation form a certain algorithmic language. Some authors understand the
concept of algorithmic thinking as a cognitive process characterized by a clear and efficient
(or rational) sequence of mental operations, when the larger blocks are detailed and
optimized, and the final result is fixed and shown in a formalized way in the language of
performer according to the semantic and syntactical rules of the language [5]. Some other
scholars believe that algorithmic thinking is a system of mental operations, actions and
methods and corresponding mental strategies aimed at performance of theoretical and
practical tasks, the results of which are algorithms as specific human artifacts [3].
A. I. Gazeykina interprets algorithmic thinking as a specific thinking style that needs the
skills of algorithm development, which requires mental schemes to see the problem as a
whole and to solve it in larger blocks with further detailing and description of the process of
the final result achievement [1].
To give a full and precise definition of algorithmic thinking, we will proceed from the
fact that any type of thinking has substantive and operational components. The substantive
components include the image, the idea and the concept; the operational components
include the system of mental operations (analysis, comparison, synthesis, instantiation,
generalization, classification and categorization). It is important to single out such
components in algorithmic thinking. Mental activity, interpreted in terms of algorithmic
thinking, is determined (in its systemic nature, but not in structure) by means of the
necessary and the sufficient components.
The substantive components in algorithmic thinking are connected with the ability to
divide the complex system into simpler objects and to build their hierarchy, in other words,
to decompose the system and then to describe the functioning of these objects. Such
thinking is called object-based thinking.
The main operation in such thinking style is object-focused decomposition. Different
classifications on the basis of logic grounds and logic methods of concept identification are
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the most frequent methods in this type of thinking. Algorithmic decomposition is necessary
to describe the events, thus, algorithmic thinking style is very important.
The components of object-based thinking are:
1. Analysis of the domain area and identification of objects (real and abstract) and
their hierarchical arrangement.
2. Identification of the main events.
3. Processing of the events.
4. Analysis of the work of the system, adjustment of the object model and the
algorithms of event processing in case of the incongruity of the final result with the
assumed result.
Specific features of object-based thinking style include:
• high level of abstraction, which is based on identification of essential characteristics of
an object and abstraction form those characteristics that are irrelevant for the problem;
• deliberate existence in the forms of some language, which means construction of a
model of the problem in a certain formal language;
• integrity of comprehension of a complex system, its representation as a unity of
correlated objects.
Operational components of algorithmic thinking can be described with the help of the
concept “operational thinking style” introduced by A.P. Ershov [2].
Some of the skills and abilities, that constitute operational thinking, are described in
detail in the paper “School Informatics” published in 1979 and later in Computer Science
Teacher’s Encyclopedia [6]. These skills and abilities include:
• the ability to plan the structure of actions necessary to reach the goal with the help of
the fixed number of means;
• the ability to develop informational models to describe objects and systems;
• the ability to search for information necessary to solve the problem with the help of
computer;
• discipline and structuring of the linguistic means of communication;
• the ability to operate computer to solve problems in different subject areas.
However, in their learning and cognitive activity students are offered some algorithms
for the tasks of certain classes or an algorithm (a sequence of operations of steps) to solve
the problem. It is supposed that the student should be able to complete the task. The
difficulties that may arise are usually connected with the wrong interpretation of the source
data or the absence of skills of an algorithm execution. Thus, operational thinking requires
the ability of a student to follow an algorithm and the ability to execute an algorithm.
The components of operational thinking are:
1. Analysis of the source data of the problem and their interpretation according to the
algorithm specified.
2. The choice of a suitable algorithm from a number of ready-to-use algorithms, i.e.
analysis of the task and the algorithm to complete it.
3. Problem solving by means of formal and precise execution of operations that
constitute the algorithm.
4. Analysis of the outcome and correction of the source data in case the final outcome
differs from the assumed outcome.
Specific features of operational thinking:
− specificity, which means that a student applies a general (abstract) algorithm to solve
the problem with the definite source data;
− discreetness – step-by-step execution of the algorithm;
Algorithmic thinking is a combination of object-based and operational thinking, which
has a new quality that ensures the ability to work out an algorithm with the help of mental
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schemes that help to understand the problem, to split its solution into stages and describe
the process of final result acquisition.
Structural (object-based) components and operational components of algorithmic
thinking are sown in Table 1.
Table 1. Structural and operational components of algorithmic thinking.
Structural (object-based)
components
Problem
Data
Information process
Subject domain

Object (the essence)

Event
Model

Algorithm

Executor

Software (Program)

Experiment

Operational components
Analysis of the problem, its decomposition on the level of
processes. Formalization (abstraction) of the problem.
Content provision.
Data flow identification.
Data processing.
Analysis of the subject domain of the problem and identification
of objects (real and abstract).
Hierarchical arrangement of the objects.
Identification of objects.
Classification of the objects.
Determination of the properties of the objects.
Interconnection of objects identification.
Inductive conclusions formulation.
Deductive conclusions formulation.
Prediction of the events (scenario).
Event processing.
Sequencing of operations and development of the model of
solution.
Analysis of the system reaction.
Correction (adjustment) of the object-based model and
processing algorithms in case the final outcome is different from
the assumed outcome.
Choice of an algorithm from a number of ready-to-use
algorithms, i.e. analysis of the problem and the algorithm to solve
it.
Execution of the basic algorithmic operations.
Analysis of the source data of the problem and their
interpretation according to the source data of the given algorithm.
Problem solving by means of formal and precise execution of
operations that constitute the algorithm.
Choice of executor capable of performing these operations.

Performance of the basic algorithmic operations.
Identification of operations of high-level language necessary to
solve the problem.
Problem solution and comparison of its outcome with the
assumed outcome.
Analysis of the obtained outcome and adjustment of the source
data in case it differs from the assumed outcome.

Thus, the specific features of algorithmic thinking are:
1. Discreetness (step-by-step execution of an algorithm, instantiation, structuring of
operation performance).
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2. Abstraction (identification of essential characteristics of an object and abstraction
form those characteristics that are irrelevant for the problem).
3. Definiteness, which means that a student applies a general (abstract) algorithm to
solve a certain problem with the definite source data.
4. Deliberate existence in the forms of some language, which means construction of a
model of the problem in a certain formal language;
5. Integrity of comprehension of a complex system, and its representation as a unity of
correlated objects.
So, we define algorithmic thinking as a system of mental operations and procedures
with the object-based real and abstract components that lead to the development of an
optimized algorithm for the solution of the given problem
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