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Knowledge representation is a fundamental question in philosophy, pedagogy, linguistics,
psychology and artificial intelligence. This paper examines the achievements in the field of
creating knowledge-based systems that exist in Russian and European practice. We employed
the methods of cross cultural content analysis and meta analysis to analyze various sources
of information, to interpret definitions, and to increase the validity of the conclusions. The
following problems are highlighted: the definition of knowledge and its types; the interplay
between knowledge itself, its representation, and the physical world; approaches to knowledge
representation; representation schemas for procedural and declarative knowledge types. The
findings of the research illustrate that in Russian science, the problem of knowledge representation
is associated with the problem of knowledge as such and its «representation» in our psyche, in
contrast to European practice where the problem is considered to be purely applied. Theoretical
contributions and practical implications discussed in the paper contribute to the problem of
knowledge representation and prove the efficiency of combination of both discussed approaches.

Keywords: knowledge; representation; procedural knowledge; declarative knowledge;
knowledge-based systems.
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IMpencraBienne 3HaHMI — PYHIAMEHTA/IbHBII BOIPOC GUIOCO(UI, IeAAaTOTUKIA, TUHI BUCTHUKIL,
ICUXOJIOTMM U MICKYCCTBEHHOTO MHTEIEKTa. B CcTaTbe MCCIERYIOTCsS JOCTIDKEHNsI B 06/macTu
CO3JJlaHUsA CUCTEM, OCHOBAHHBIX Ha 3HAHMAX, CYLIECTBYIOIJME B POCCUIICKON M €BPOIENCKON
MpakTuKe. MBI MCIONMb30BaAM METOABI KPOCC-KYIbTYPHOTO KOHTEHT-aHa/lM3a M MeTa-aHa-
nU3a IS aHaMKM3a PAa3NMYHbIX MCTOYHMKOB MHGOPMAaLNM, MHTEPIPETALUN OIIpefeneHnit
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¥ TOBBILIEHNsI JOCTOBEPHOCTU BBIBOJOB. B cTaThe paccMarpmBaroTcst Takume mpobaeMbl Kak
OIIpefie/ieHNe 3HAHMS U €r0 TUIIOB; B3aMMOJEIICTBIE MEXAY 3HAHMEM, er0 IpefCTaBIeHIeM
U GU3MYeCKNM MUPOM; IOAXO/bI K TIPEICTABIEHNI0 3HAHNUIT; CXeMbl IIPeACTABIEHNS ISl IPO-
Le[[yPHBIX U [eKTapaTUBHBIX TUIIOB 3HAHMUIL. Pe3y/IbTaThl MCCIELOBAHNUS IIOKA3bIBAIOT, YTO
B POCCHIICKOIT HayKe IpobjeMa IIpeficTaBIeHNs 3HaHMII CBs3aHa C IPOOIeMOli 3HaHMA Kak
TAKOBOTO M €r0 «pelpe3eHTAlI» B HALIel [CUXVKe, B OT/IMYME OT €BPOIECKOI IPAKTUKIL,
rie mpobeMa CUMTAETCS YMCTO HPUKIAfHON. TeopeTnmdeckye HapaOOTKM M MPaKTUYECKIe
acIeKTbl, 00CyX/jaeMble B CTaTbhe, CIIOCOOCTBYIOT PELIeHMI0 MPO6IeMbl IIpefCTaBIeHIst 3Ha-
HUIT U JOKasbIBAlOT 3¢ (eKTMBHOCTh KOMOMHALNN 0060MX 006CYK/FaeMbIX ITOAXOLOB.

KnroueBble cnmoBa: sHaHNA; NIpeACTaBIeHNe; MIPOLeIyPHbIE 3HAHNUA; [eK/IapaTUBHbIE 3HAHMUA;
CUCTEMBI 3HAHUIA.

Introduction

The new realities of the socio-economic situation of human existence require
the entire education system restructuring. The current challenges to the professional
training of personnel for the future are associated with the increased requirements
to their competence, that is, to the volume of knowledge and the ability to effectively
apply it on the basis of processing and adaptation in accordance with the specified
conditions. This task explains the basic contradiction of the modern educational
system between the constantly increasing volume of knowledge and the traditionally
limited time provided for its assimilation. To solve this contradiction we need
to intensify the educational process and to increase the activity of the cognitive
processes of students.

In Russian science, the problem of knowledge representation is associated with
the problem of knowledge as such and its «representation» in our psyche. This
means that all the connected problems are traditionally studied in the framework of
epistemology, philosophy of knowledge, philosophy and history of science, and are
also related to the problems of language and formal logic. In the European science
knowledge representation is not a question of theory and is considered to be purely
applied. Instead of discussing what knowledge is, how it differs from skills, how
verbalized and non-verbalized knowledge relate, etc., the world builds complex
systems based on knowledge and working in dialogue with a person, expanding his
intellectual potential, etc. So, the content of the term “knowledge representation” in
the Russian tradition continues to cover both theoretical and practical aspects; in
European science, on the contrary, practical aspects prevail.

In the presented research, the achievements in the field of the practice of building
knowledge-based systems that exist in Russian and European practice are discussed.

1. Literature review

The problem of knowledge representation is the oldest problem not only in
artificial intelligence, but also in science and education in general. It is solved whenever
it is necessary to transfer knowledge to someone or to teach how to apply and use it.

In recent decades the situation has been significantly influenced by an overabundance
of various information provided to users of the virtual information environment.
The ability to work with information is constantly becoming in demand in training.

Psychologists are actively studying the cognitive processes of perception and
information processing that form the learning basis [1]. In pedagogy, there is a search
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for methods, techniques, technologies that allow for a short period of time to master
the required amount of material, concentration or «compression» of information [2].
Thus, the theory of the stage-by-stage formation of mental actions [3], the
methodology of pedagogical technology management [4], the concept of enlarging
didactic units [5], the concept of thematic learning [6], the concept of concentrated
learning [7], etc. were introduced. In cognitive linguistics and cognitive semantics
such notions as language meaning, situations, events, context, linguistic and extra
linguistic information, meaning structure were studied by I.M. Kobozeva [8],
E.V. Paducheva [9], A. Wierzbicka [10], J. Barwise and M. Perry [11], R.P. Abelson
and R. Schank [12], etc.

In order to understand the problem of knowledge representation and the nature
of knowledge, the term «knowledge» should be clarified. In the Russian pedagogical
literature, the term is used widely. The content of the term «knowledge» is one of
the eternal problems, the solution of which requires further efforts.

As an example we can consider a number of statements related to the content of
the term “knowledge”:

- Knowledge is the totality of a person’s ideas, in which the theoretical mastery

of the subject is expressed;

- Knowledge is a form of the subject’s activity, which reflects things and processes
of objective reality;

- Knowledge as a necessary element and a prerequisite for a person’s practical
relationship to the world is the process of creating ideas, purposefully reflecting
objective reality in the forms of his activity and existing in the form of a certain
language system [13].

- Characteristic features and laws of the studied object fixed in cognitive image
of a subject [14].

When comparing the definitions, it is clear that there is no component that
emphasizes the role of knowledge as a necessary element and prerequisite for
a persons practical relationship to the world, which separates the concepts of “sign
system” and “activity for practical use” [15].

The European tradition defines knowledge as the natural outcome of
understanding and using information within a particular context [16]. Thus we
come across such definitions as “...the whole body of cognitions and skills that
individuals use in order to solve problems...’ [17, p.24], where the knowledge is
viewed as pertaining specifically to decision-making tasks requiring the usage of
context-specific information. Davenport and Prusak [18] suggest that knowledge is
a collection of values and experiences, providing the individual with the ability to
incorporate and evaluate new ideas and information. The more philosophical view is
that knowledge can represent higher order concepts such as wisdom, insight, action,
and resolve. Polanyi stated that knowledge is such a thing, that it is impossible
to define fully, as ‘we know more than we can tell' [19]. Knowledge can also be
defined as being the accumulation and cultivation of information and data over
time [20]. Given the multitude of knowledge definitions, it is perplexing to see that
there is no overall theory of knowledge, as each theory of knowledge is grounded
within specific situational contexts [21]. Thus, the common problem encountered
with attempting to understand and “manage” knowledge, is in how it is principally
defined and classified.
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The problem of knowledge representation requires an understanding of where the
border lies between different types of knowledge. In Russian science the knowledge
is classified according to the following groups:

- The knowledge that inductively comes from the natural observation and
sense and motor experience, and the knowledge that are acquired from the
theoretical explanation; that is everyday and scientific knowledge;

- The explicit (realized and communicated) and implicit knowledge;

— The procedural (how?) and declarative (what?) knowledge.

In European practice the knowledge is classifies as follows:

- Declarative knowledge that includes concepts, objects and facts expressed in
declarative sentences, and also called descriptive knowledge.

- Procedural knowledge that are defined as imperative knowledge describing the
knowing of how to do something. It includes rules, procedures, strategies, etc.
and depends on the objective or task on which it should be applied.

- Meta-knowledge is the knowledge about the knowledge that is about the other
knowledge type.

- Heuristic knowledge represents the knowledge of some experts in a field or
subject.

— Structural knowledge that is the main knowledge to problem-solving. It presents
relationships that exist between concepts or objects.

So the most discussed distinction in both scientific traditions is between
declarative (that is “knowing that”) and procedural (that is “knowing how”) types of
knowledge. Declarative knowledge can be described as factual knowledge, whereas
procedural knowledge can be defined as the knowledge of specific functions and
procedures to perform a complex process, task, or activity [22].

The variety of definitions which makes a general understanding of how and what
knowledge is, can now be seen to be a complex affair. In order to understand these
points of view, the key aspects of knowledge representation are highlighted further,
i.e. the basics and the methods by which knowledge is manifested. It supports
a general definition of knowledge, and as such is linked to the representation and
usage of knowledge itself.

2. Materials and Methods

The presented research was carried out in 2015-2020 as a part of a complex
study of knowledge representation integrating the methods and results of pedagogy,
cognitive psychology, cognitive linguistics, artificial intelligence and philosophy. The
cross cultural content analysis and literature review methods were used to analyze
various sources of information; comparative and qualitative analysis were used to
understand and interpret definitions; meta analysis was used to increase the validity
of the conclusions.

3. Results

The topic of knowledge representation has recently received a new interpretation.
In Russian science, the presentation of knowledge was previously considered to be
only the initial stage of the cognitive process. In modern psychology, pedagogy,
philosophy a different viewpoint has been formed, according to which “the formula
that the idea (along with sensation and perception) belongs to the lowest, sensory level
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of cognition, opposed to thinking, is absolutely not sound” [23, p. 131]. The means
of cognition is a cognitive model that allows construction, processing, storage, re-
coding, mutual transition of verbal and sign forms of knowledge representation [24].
In this sense the ultimate goal of any knowledge representation is to allow
information to be efficiently structured, modified, and reasoned with. The paradigm
“word, image and action” becomes the basic for the modern cognitive educational
model construction. Cognitive scientists, educators, and psychologists include
there cognitive practices with motivational, semantic, emotional, mental ways of
understanding and conceptualizing the perceived information that are based on
cognitive structures. Their significance is rather great as they can be applied to the
construction, organization, and management of knowledge within and across many
disciplines. Thus, cognitive practices are interpreted as the connection of cognitive
procedures and of the structures of knowledge of various scientific fields. The
importance of the cognitive model is great as the knowledge representation must
be effective at representing the inquirer’s knowledge, rather than describing the
information itself. As a result, knowledge appears as an integrative image that unites
the rational (the pattern of translation of a verbal-logical concept into an image),
operational (the introduction of the mutual translation of one knowledge type into
another (re-encoding)), and existential or anthropological (the connection with
life-affirming meanings (value factor)). To implement this paradigm of knowledge
is a strategic goal and a matter of a relatively distant perspective.

In European practice knowledge representation is based on Piaget’s tradition
of semiotic functions [25], where learning and thinking are considered to be
a process of operating and using the systems of signs (images, language, gestures,
or symbols). Such systems enable people to visualize and express their thoughts,
ideas, feelings and subjective experiences. Thus, the idea of mental representations
advanced to the most important concepts of cognitive science.

The research on knowledge representation in European tradition is based on the
hypothesis that people when memorizing knowledge use specific propositions about
the conceptual information that are inherent in the issue to be remembered. There
is also the conception that information can be memorized by means of various
images that correspond as analogues to the original perception process. This basic
alteration can be widened by the third form of knowledge representation introduced
in semiotics. Actually, the semiotic differentiation includes signs that are used as
an index (e.g., red as a sign of danger), an icon (e.g., the line drawing of a figure), or
a symbol (e.g., numerals, letters, mathematical symbols). Correspondingly, specialists
in cognitive psychology often differentiate between “enactive” (activity-based), iconic,
and symbolic types of knowledge representation [26].

The biological development of the central nervous system shows that people first
develop the functions for motor skills, perception, and coordination. This can be
referred to enactive representation as “a mode of representing past events through
appropriate motor response ... Such segments of our environment - bicycle riding,
tying knots, aspects of driving — get represented in our muscles, so to speak” [26, p. 2].
This enactive representation is considered to maintain its central significance as
a sign function over the entire life.

The iconic knowledge representation corresponds to the idea of special encoding
that means that the memory content is tend to retrieve in the same format as it
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was coded when learned. According to this, many psychologists underline the
significance of iconic representation by highlighting the fact that it can be influenced
by images and graphics. On the other hand, cognitive scientists [27] of the Wiirzburg
School reject this idea of representing knowledge by visual means. This controversial
argumentation became known as “imagery debate”

Finally, knowledge is represented by means of symbols. Human language is
considered as symbolic because it is impossible to infer the signified (“a white liquid
that cows produce”) from the signifier (e.g., the sounds or letters M + I + L + K).
By using linguistic means of expression, people can visualize thoughts, ideas, and
feelings, that is to describe things that they can express only to a limited extent by
other means. Thus, it's a unique human characteristic that they can express their
own experiences through language. Concepts as the most general form of symbolic
knowledge representation are categorizations of generalized abstractions that require
the cognitive operators application for class formation and abstraction.

Modern cognitive science considers cognition and learning to be a complex
process with many facets that include symbolic representations of objects and
events that are not immediately present but exist only in imagination [22]. Most
cognitive researchers agree that cognition and learning take place when using
mental representations in which an individual organizes symbols of thought
or experience in such a way that they effect a systematic representation of this
experience or thought as means of understanding it [28]. Seel describes the
knowledge representation function by distinguishing three zones: W (the object
zone as part of the physical world), K (the knowledge zone), and R (the zone of
knowledge representation) [28, p. 17]. The interplay between the mentioned zones
is presented in Fig. 1.

Fig. 1 shows the interplay between knowledge itself, its representation, and the
physical world where the two classes of functions can be seen: (1) f, is the function
of the internal representation (internalization) of the world objects, and (2) f_,, is the
function for the external re-representation (externalization) back to the physical world.

A refinement of this representational concept is presented by Merali [29], who
suggests that knowledge also exists through continuous generation and self-organising
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Fig. 1. Knowledge Representation (from [22])

VESTNIK of Samara State Technical University Issue 4(48) 2020
Series «Psychological and pedagogical sciencesy



THEORY OF PEDAGOGY 35

/SChema \
Relationship enactment Self-concept
\ Relationship Script /

Fig. 2. The Cognitive Congruence Framework (from [29])

behaviour. With the help of the Cognitive Congruence Framework (Fig. 2) he defines
a collection of beliefs and relationships (schema); an identity (self-concept); a set of
rules and premises that bound the knowledge (relationship script); and the manner
by which such knowledge relationships are enabled (relationship enactment).

The approach taken by Merali helps to overcome many of the abstract
arguments as it suggests that knowledge is represented best when all the knowledge
components somehow reinforce their interrelationships by both their existence
and their interaction level. Besides it should be mentioned that without a given
representation, or method of relating information to a recipient, knowledge cannot
be produced from merely information alone [30].

In this regard, different models and means of knowledge representation have
been developed. Moreover, they continue to be developed. There are mainly four
approaches to knowledge representation in European tradition and the Russian
representation models are mainly based on them:

1. Simple relational knowledge is the simplest way of storing facts with the use
of the relational method where every fact about the object is systematically placed
in columns. This knowledge representation approach is used in database systems in
which the different entities relationship is represented.

2. Inheritable knowledge is used when all data should be stored into a hierarchy
of classes. This approach contains inheritable knowledge that shows a relation
between instance and class where an individual frame represents the collection of
characteristic attributes and its values.

3. Inferential knowledge is represented in the form of the formal logics. It can be
used to derive more facts.

4. Procedural knowledge approach uses codes and small programs that describes
how to do this or that specific thing, and how to proceed.

In cognitive sciences usually a distinction is made between representation
schemas that refer to declarative and procedural knowledge.

The idea of representation of declarative knowledge is based on the assumption
that one considers the issue of representation largely independent on the methods
of knowledge application. The declarative knowledge is considered to be a set of
facts that can be represented as data structure. A representation schemes taxonomy
presented by Mylopoulos and Levesque [31] grounds on the assumption that the
world is a collection of individuals that are interconnected by manifold relationships.
This collection of all individuals and their relationships at any one time and in any
world constitutes a state, but the state can be transformed causing the creation of
individuals or changing the relationships between them. Depending on whether the
central point for a representation scheme is assertions about states or individuals and
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their relationships, a distinction is made between logical representation schemas and
semantic networks.

As examples of logical representation schemas the knowledge bases constructed
on the first-order logic basis can be considered [32]. Statements on the world
domain to be represented are translated into the formulas that permit conclusions.
Such a representation schema form clearly presupposes the appropriate inference
rules that should also be available. The semantic networks are more popular for
declarative knowledge representation. In its most primitive form a semantic network
represents knowledge as a collection of objects (the so-called nodes) and binary
associations (that are directed labeled edges); the former stands for individuals
(or some sort of concepts), and the latter stands for binary relations over these.
One more form of declarative knowledge representation is Schank’s Conceptual
Dependency Structure [12] that focuses on conceptualizations attributing cases
to actions. And finally, frames should be mentioned in the context of declarative
knowledge representation, though their aim is to combine the declarative and
procedural knowledge representations. Furthermore, frames are usually mentioned
as a representation schema allowing to make a compound of semantic networks
and productions.

Depending on whether the state transformations is the starting point for
a representation schema, the application of semantic networks or logical representation
schemas is limited and it demands another representation type. Clearly, the most
widely used procedural representation schemas operate with productions and
production systems.

Logical representation is a language with some concrete rules which deals with
propositions and has no ambiguity in representation. Logical representation means
drawing a conclusion based on various conditions. This representation lays down
some important communication rules. It consists of precisely defined syntax and
semantics which supports the sound inference. Each sentence can be translated into
logics using syntax and semantics.

Despite such a variety of means of representing knowledge, the national tradition
also distinguishes three main models of knowledge representation: logical, network
and production [33-35]. Representatives of pedagogy, psychology and cognitive
linguistics offer a number of cognitive structures, using which it is possible to
represent the content of education in the form of hierarchical schemes. However,
it should be noted that Russian scientists understand the general strategic task in
the sphere of constructing the education content as the theoretical one, and focus
mainly on presenting the organic connection of the cognitive, emotional and cultural
foundations in teaching. It implies a number of the most urgent intermediate tasks.

The first of them is the relationship problem between verbal and visual
knowledge forms. Solving it, the scientists proved the priority of visual thinking
over the verbal one. Thus the following arguments can be mentioned: first, visual
thinking allows you to perceive information almost instantly; second, the impact of
visual information is deeper than verbal; thirdly, visual means contribute to a more
holistic perception of the object; fourthly, the visual presentation of information is
the primary means of communication in mass culture [36, p. 28]. The second task is
focused on the differentiation of the concepts of educational, scientific and academic
knowledge in the pedagogical and psychological research literature and in studies
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on the philosophy of education and cognitive processes. These types of knowledge
can vary in goals, objectives and what’s more means of construction. In pedagogy
today, a mechanism for translation of general theoretical provisions into the sphere
of educational and cognitive activities is being formed. This mechanism can be
described as the cognitive structures of knowledge and specific methods of cognitive
actions. The third educational task is directed to working with educational text. The
methods of rational design of educational texts are based on semantic structures,
subject-predicate forms of text communication, logical connections, didactic methods
and techniques, various scientific theoretical schemes and methods, etc. This
interaction of didactic and methodological signs is considered to be a specific sign
of educational knowledge. In the construction of cognitive models for the learning
content, scientists introduce conceptual content, logical instrumental and didactic
materials. The theoretical and practical bases, development of various conceptual
models and initial categories of the education content in science are referred to the
philosophy of education, that makes it possible to clearly highlight the specifics of
educational knowledge.

In foreign practice, more attention is paid in this regard to practical problems,
namely the development of a methodology [37], a practice-oriented concept [38],
cognitive means (multidimensional cognitive models) [39], principles [40], criteria
and mechanisms for selecting educational information, recommendations for the
practical application of cognitive technologies in creating educational literature, etc.

Discussion and conclusions

The methods of construction and the forms of knowledge representation
developed in pedagogy, cognitive science, psychology, linguistics, philosophy,
computer science and artificial intelligence can significantly increase the efficiency
of cognitive processes interpretation, and bring them to the level of innovative
intellectual technologies.

The following topics have already been studied: theoretical issues related to the
nature of knowledge and the role of language in the process of acquiring and fixing
knowledge in our psyche, to the transformation of knowledge into a form that is
transmitted to the outside and the possibilities of verbalizing knowledge, to the role
of language structures in the process of acquiring knowledge, to the establishment
of boundaries between knowledge and skills. As well as practical issues: the process
of assimilating specific knowledge, the relationship between linguistic and cognitive
structures, databases, entering knowledge into a computer and interacting with it.
Though the focus of the presented research was purely explanatory in nature, it was
aimed to extend the boundaries of knowledge, and also to show that to intensify
and simplify knowledge presentation and acquisition we need to develop new
pedagogical technologies and methods on the basis of knowledge representation
schemes suggested in Russian and European practices and combine the theoretical
and practical findings of pedagogy, psychology, philosophy, linguistics, IT and other
cognitive sciences. Such new technologies should enable to broaden the volume of
the acquiring knowledge without extra time, and to integrate learning goals to the
individual students’ abilities as well as to include the problem learning to the education
process. The problem of theoretical foundation of such new educational technologies
and their practical realization is one of the relevant topics to be discussed.
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