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CONCEPT MAPS, THEIR APPLICATION TYPES AND METHODS
IN INFORMATION AND LEARNING SYSTEMS

Background. The hypermedia environment, which has received a powerful technical infrastructure thanks to the WWW,
has led to the study and emergence of new forms and tools of information and educational content presentation.
Various methods and means of visualization of educational information increase clarity and facilitate the process of
new knowledge perception. Such tools include a wide range of concept maps that have become widespread in many
areas related to information technology and education. The challenge here is to find comprehensive solutions that will
reduce computing and labor costs for the multifunctional use of concept maps in information and learning systems.
Objective. The work is focused on the review of concept maps, research of preconditions for their origin, analysis of
their types and purposes of application in the educational process and learning systems. The main task is to analyze the
requirements for interactive concept maps in ontology-oriented information systems to support lifelong learning.
Methods. The use of concept maps in educational systems is based on knowledge modeling, graph theory, ontological
modeling of educational content and methods of adaptive e-learning systems. The paper reviews and analyzes the
application of concept maps and requirements for them within the information and learning systems.

Results. Concept maps have significant foundation in cognitive and educational psychology, computational linguistics,
knowledge engineering and have widespread application in computer supported learning. Concept maps are used as a
means of meaningful learning when constructed by students, used to assess knowledge, as well as a means of navigating
information resources. Concept maps in educational systems are used to present knowledge to users and serve as
interfaces in the process of exploratory search and review of study areas. Information systems provide enrichment of
concept maps by means of interactivity, which allows diversifying and expanding its use.

Conclusions. The key requirements for interactive concept maps in information and learning systems are formed, in-
cluding automation of interactive concept map construction, availability of wide navigation capabilities together with
cognitive load control, implementation of interdisciplinary links, media annotation of map elements, complex applica-
tion of graph interfaces for different parts of the system and adaptation to mobile devices.

Keywords: concept map; ontologies in education; educational systems; information and learning systems; e-learning;
knowledge graph; conceptual graph; lifelong learning.

Introduction

Information and learning systems continue to
play a significant role in educational processes of
various forms. Such systems are in demand in school
education, university programs, corporate education
and professional self-development [1]. The hyper-
media environment, which has received a powerful
technical infrastructure thanks to the WWW, has led
to the study and emergence of new forms and tools
of information and educational content presenta-
tion. Various methods and means of visualization of
educational information increase clarity and facili-
tate the process of new knowledge perception. Such
tools include a wide range of concept maps that have
become widespread in many areas related to infor-
mation technology and education [2]. Concept map
has the form of a graph, the nodes of which are the
concepts of the subject area, and the edges corre-
spond to the relationship between these concepts.
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Such maps are first of all presented graphically on
paper or digital media, and also are presented by
means of formal mathematical apparatus.

Problem Statement

The work is focused on the review of concept
maps, research of preconditions for their origin,
analysis of their types and purposes of application in
the educational process and learning systems. The
main task is to analyze the requirements for inter-
active concept maps in ontology-oriented infor-
mation systems to support lifelong learning.

Graph and network representations and precon-
ditions for the origin of concept maps

The background for the emergence of concept
maps of different types in the 1960’s and 1970’s were
areas related to the psychology of learning,
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knowledge representation, cognitive psychology,
linguistics, formal logic, natural language pro-
cessing, and so on.

The early work on semantic networks is based
on the work of Chomsky [3] in the field of linguistic
structures and the work of many other researchers
in psychological and cognitive linguistics. For ex-
ample, Quillian [4] proposed a model of the seman-
tic network based on studies of human memory
modeling. The logical structure based on the sen-
tences of natural language and the reasoning of such
a system were visualized in the form of a graph based
on the relations of associativity between concepts.
The work gave impulse to the further relations spec-
ification and development of the formal apparatus
of semantic networks (Fig. 1).
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In the field of pedagogical psychology Ausubel
[6, 7] proposes concept of meaningful learning,
based on the hypothesis that cognitive structures are
organized hierarchically, where highly inclusive
concepts contain less inclusive subordinate concepts
and data. This means that for the successful assimi-
lation of new learning material it must be incorpo-
rated into existing student’s cognitive structures in
such a way as to be subordinated and correlated with
the relevant concepts already existing in the struc-
ture [7]. Thus, Ausubel emphasizes the importance
of structuring and linking new information with ex-
isting information in the learning process [8]. Here
it is proposed to implement these requirements with
the help of advanced organizers, which are any form
of visual, verbal or textual material that provides the
structure of educational content. The main task of
such organizers is to emphasize key concepts and
their interconnections and relationships with known
concepts [8].

These pedagogical and psychological founda-
tions formed the basis for development of concept
maps by Joseph D. Novak at Cornell University in
1972 [2]. Novak Maps are graphical tools for organ-
izing and presenting relationships between concepts,
represented by a line connecting two concepts.
Words on a line are connection phrases that define
the relationship between concepts. Concepts and
propositions are usually organized hierarchically
from the most general and most inclusive to the
smallest [2] (Fig. 2). Such maps emerged as a means
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Fig. 2. Novak’s concept map, which reveals the main features of concept maps [2]
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of implementing Ausubel’s ideas to present new
knowledge to students. The key application of No-
vak’s maps is students’ activity for concept map cre-
ation as a type of educational activity. Such maps
help students structure their own propositions and
correspond to the new information to what they al-
ready know, ensuring that new knowledge is assim-
ilated into a personal cognitive structure. Concept
maps and activities for their construction implement
here meaningful learning according to Ausubel as
opposed to rote learning. It should be emphasized
that effective and clear concept maps according to
Novak are built taking into account the correct fo-
cus on the consideration issue [2]. This means that
each individual map does not aim to present all pos-
sible connections and dependent concepts, but in-
stead presents the most important propositions in
this learning context.

In 1976, Sowa introduced the conceptual
graphs formalism [9], which he later described in
detail in his book [10]. This book became a signifi-
cant contribution to the field of knowledge repre-
sentation. Conceptual graphs are a formal notation
that mediates between a person and a computer.
Graphs describe the meaning of data according to
the user’s point of view, but they are also associated
with procedures that have access to data according
to machine formalization [9]. An example of a con-
ceptual graph is given in Fig. 3 [11]. Formally, a
conceptual graph is a finite connected bipartite
graph. Graph vertices represent concepts or concep-
tual relationships. Concepts are denoted by rectan-
gles and relations by ellipses. Arc labels are not used
here [13].

As noted in [12], the application of graphical
knowledge representation, including use of concep-
tual graph theory, helps to formalize reasoning about
the states, behavior and relationships of objects.
Thus, several alternative hypotheses about complex
objects and ambiguous situations can be created and
studied, for example in the field of astronautics [12].
Researchers of NASA information systems [12] em-
phasize that such graphical knowledge representa-
tion helps the user to understand the domain area,
simplifies the manipulation, editing and revision of
knowledge and translate them into different levels of
complexity for different audiences.
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Fig. 3. Example of a conceptual graph [11]

In 1972, F. Dansereau and colleagues proposed
a node-link mapping strategy as a continuation of
the approach to using graphical charts for commu-
nication and the use of network models to concep-
tualize human memory [14]. Such maps are also
called knowledge maps or Texas Christian Univer-
sity Node-Link Mapping (TCU-NLM). It is pro-
posed to use three types of maps: information maps,
guide maps and freestyle maps. Information maps
(Fig. 4) are created by an expert in order to present
a topic to students or end users. Guide maps are
“fill-in-the-blank” graphic tools that could be used
to solve problems or to support learning process.
Freestyle maps are constructed by the student or
user during the processing of verbal material to ex-
press the acquired knowledge [14]. Nodes are used
to express concepts and features, connections
(edges) have direction and are denoted by symbols,
which correspond to the types of relations according
to the legend.
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Fig. 4. An example of a node-link map [15]

TCU-NLM maps have shown effectiveness in
learning process support, career counseling and
business activities, in particular in conducting dis-
cussion meetings [14].

In 1974, Buzan in his book described the tech-
nique of mind maps [16]. He points out that the
nature of mind maps is related to the work of the
mind, and they can be used in almost any activity
that involves thinking, memory, planning and crea-
tivity. Buzan proposed the use of mind maps for
speech preparation, writing texts, problem analysis,
for meetings and communication, as well as for no-
tation [16].

A mind map is a diagram, in the center of
which some concept is placed (Fig. 5). The form of
the mind map is a radial tree, although in addition
to hierarchical connections additional association
edges between different elements of the structure
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Fig. 5. Mind map example [18]

can also be used. Due to the radial form mind map
became quite convenient for the presentation of in-
formation structures. Mind maps became wide-
spread as a tool of idea visualization [17].

The rapid development of network representa-
tions and conceptual graph visualizations has led to
wide research and practical interest in the use of
concept maps in educational and information com-
puter systems.

Application of concept maps in information and
learning systems

Concept map construction by users. Novak em-
phasizes the effectiveness of constructing concept
maps by students as a way to implement meaningful
learning [2, 19]. Novak suggests using teaching
methods that would encourage students to construct
concept maps based on lectures and other learning
materials [20]. Such activities encourage students to
structure their own knowledge and gain deeper un-
derstanding of new material in relation to known
data as opposed to rote learning. Information sys-
tems that allow the use of computer interfaces to
create digital concept maps are seen as an important
tool for the further implementation of such maps in
educational systems [2].

Knowledge assessment. Researchers in [2, 21]
point to successful examples of students’ use of con-

cept mapping techniques to assess knowledge. The
map construction is thus effective in identifying both
correct and incorrect student ideas. Concept maps
can be just as effective as control interviews, which
require a significant amount of time to identify the
student’s knowledge before and after the course [2].
Through self-assessment and concept map construc-
tion students can effectively identify and fix possible
misconceptions.

Navigation in the learning environment. A sig-
nificant amount of research is focused on the use of
concept maps to improve navigation in the hyper-
media environment of educational systems [2, 22—
24]. Puntambekar pays considerable attention to
nonlinear navigation in educational hypermedia sys-
tems [22]. The advantage of hypertext learning sys-
tems is the ability to present content in a way that
reflects many interrelationships between concepts
[22]. Using concept maps for this purpose is a con-
venient mechanism. Concept maps can be hierar-
chical, which illustrates the structure of the study
field, and non-hierarchical, which allows one to
represent multiple relations [22, 25]. In [23] it is
proposed to use navigation using concept maps for
self-directed learning and for community-based
learning. The standard of topic maps ISO [26] for
Multi-layer Map Model of educational resources is
used here [23]. It is noted that the use of visualiza-
tions based on topic maps, helped students find the
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necessary learning resources faster, helped to organ-
ize learning resources more meaningfully, and also
contributed to more effective resource selection
within learning communities [23]. Eldefrawi [24]
suggests the use of concept maps to navigate Wik-
ipedia’s encyclopedic data. Emphasis is placed on
information overload when navigating encyclopedia
resources only by regular methods of the system
based on hyperlinks in articles and categories. In-
stead, concept maps that represent the domain area
can facilitate this process [24].

Knowledge presentation to users. Authors in |2,
27] suggest the use of concept maps for convenient
content presentation. Such concept maps help user
to quickly determine the relevance of documents to
their own information needs. Concept maps for pre-
senting content of documents help user to better un-
derstand key concepts and semantic structure of the
document and become a kind of index that helps in
further work with the document [27]. Concept map
allows one to present information in a compact and
easy to understand format, and is an effective means
of summarizing documents. Such summary maps of
the document in combination with hyperlinks can
serve as a convenient interface for navigating to re-
quired areas of the document [27].

Exploratory search. More specific kind of con-
tent representation in exploratory search deserves
special attention. The technique of exploratory
search in many information and educational re-
sources involves such comprehensive information
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retrieval activities, which include analysis of many
information sources and determining the relevant
direction of further research. Such activities are rel-
evant for lifelong learning and self-development of
experts. Exploratory search requires the latest hu-
man-machine interfaces to increase speed of user
resource analysis and decision making on further
movement through information resources. [28, 29]
suggest the use of concept maps for exploratory
search. Sarrafzadeh [29] uses hierarchical and non-
hierarchical concept graphs to present search results.
Falke [28] offers automated text annotation in the
form of concept maps and their use in interfaces of
the exploratory search system.

Interactive concept maps. In previous works
also the use of interactive concept maps in the learn-
ing environment is proposed [17, 30]. Here we offer
a system interface that implements a concept map
in the form of an interactive graph with the func-
tions of scaling, finding concepts on the graph, nav-
igation and processing of user interaction with visu-
alized objects. The function of displaying of aggre-
gate text and media information about the concept-
vertex in the graph is given that is based on the dis-
play of the corresponding concept theses [17, 30]
(Fig. 6). Proposed semantic portal [30] uses inter-
active maps to present the content of sections and
individual articles in the form of graphs that show
content structure and contain hyperlinks to relevant
sections.
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Fig. 6. Interactive concept map [17, 30]

* Uninitialized variables have a default value

of their type depending on the context in
which they are used - booleans default to
FALSE, integers and floats default to zero,
strings (e.g. used in echo) are set as an
empty string and arrays become to an
empty array.

Demonstration code

<7php
// Unset AND unreferenced (no us
var_dunp(Sunset_var);

// Boolean usage; outputs 'false
echo($unset_bool ? "true\n" : "f

// String usage; outputs 'string
Sunset_str .= 'abc’;
var_dump($unset_str);

// Integer usage; outputs 'int(z
Sunset_int += 25; // 0 + 25 => Z
var_dunp(Sunset_int);

// Float/double usage; outputs '
Sunset_float += 1.25;
var_dunp($unset_float);

// Array usage; outputs array(1)
Sunset_arr[3] = "def"; // array(
var_dunp(Sunset_arr);

// Object usage; creates new sta
// Outputs: object(stdClass)#1 (
Sunset_obj->foo = 'bar’;
var_dunp(Sunset_obj);

»

* Relying on the default value of an
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Handler [31] proposes to apply interactivity to
concept maps in a digital learning environment. In
particular, it is proposed to provide text explanations
for the edges-relationships between concepts in a re-
sponse to the corresponding user manipulations with
the concept map. Hwang [32] considers the ap-
proach to the use of interactive concept maps in the
educational process, which are constructed by stu-
dents using mobile devices. The interface of the sys-
tem provides the possibility of feedback, comment-
ing on maps, additional information for the maps,
indicating the relevant training materials. The work
with maps on mobile devices should provide appro-
priate user interfaces that will provide convenient
performance of interactive functions and map view,
taking into account the features and limitations of
gadgets. Authors in [33] propose the use of interac-
tive concept maps to access collections of infor-
mation resources in digital libraries for educational
purposes. Such interfaces help users stay focused on
scientific content that is relevant to their research
goal and less distracted by the technical aspects of
search [33].

Comprehensive solutions. Novak [2] expressed
the idea of a learning environment with a wide ap-
plication of concept maps. Great scientific and
practical interest determines the relevance of educa-
tional system development with widespread use of
concept maps for educational information presenta-
tion, navigation in the learning environment, infor-
mation retrieval in concept maps and related re-
sources, exploration of the domain area, interdisci-
plinary integration, collaboration and presentation
of own research of study field. In [17, 30] we present
an attempt to develop a comprehensive approach to
the use of concept maps in an ontology-oriented in-
formation and learning portal. Automated construc-
tion of concept maps is integrated with methods of
semantic content formalization, concept maps sup-
port navigation through educational resources and
the use of text-media annotation of vertices based
on an interactive interface [17, 30]. The task of au-
tomated concept map construction for integrated
multifaceted solutions in e-learning systems remains
a meaningful and relevant task.

Requirements for modern interactive concept
maps in information and learning systems

Based on previous research [1] and taking into
account the effectiveness of concept maps to solve
various educational problems, it is proposed to de-
velop the use of concept maps in ontology-oriented

information and learning systems, focusing on find-
ing comprehensive solutions to optimize labor and
computing costs. Based on the review, the following
requirements for interactive concept maps in infor-
mation and learning systems are formulated.

Automation of interactive concept map con-
struction. Much attention is paid to automating of
concept map construction [28, 31]. Instead, at-
tempts to automatically construct summary maps
based on text have limitations and require an addi-
tional search for a balance of automatic processing
and editing by an expert in order to achieve the op-
timal didactic adequacy. In a previous work [17] a
comprehensive solution for the content formaliza-
tion was proposed, which has a multifunctional ap-
plication for the learning system, including the au-
tomated construction of interactive concept maps.
This approach is considered promising in terms of
balance of labor cost and didactic relevance.

Availability of wide navigation capabilities and
reduction of cognitive load. The analysis presented
above shows the great potential of concept maps for
the implementation of concept-oriented navigation
of educational resources. At the same time, concep-
tualization of large amounts of information and ed-
ucational content involves significant cognitive load
when using appropriate graph visualizations. It is
important to find effective mechanisms for contex-
tualized display of fragments of conceptual graphs,
which will reduce the information overload of maps
and with the help of interactive interface tools will
provide opportunities for further detailing and diving
into the subject area by displaying appropriate sub-
graphs and branches.

Implementation of interdisciplinary relations.
In [1], we noted the importance of developing and
using interdisciplinary connections in information
and learning systems that aim to support lifelong
learning. Concept maps are a visual method of vis-
ualizing relationships, including interdisciplinary
ones. Instead, the challenge here is the difference of
terminological contexts in educational resources
from different subject areas and the ambiguity of
terms in their interdisciplinary application. Concept
maps applied to multidisciplinary information and
educational repositories should address this problem
accordingly.

Natural language and media annotation of map
elements, including description of vertices and edges.
[2, 23] and other works propose and describe the
function of map interactivity, which provides a nav-
igational connection between the graph view and
media and text content, which provide explanations
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of the concept or structure. Such functionality sig-
nificantly expands the possibilities of educational
content presentation using concept maps. The an-
notated description of the edges in [31] is a didacti-
cally significant technique that will help users to an-
alyze the concepts in relation to each other. The
widespread use of interactive content support the
graph structure in our work [17, 30] has demon-
strated its practical usefulness and confirms the rel-
evance of the development of such functionality in
interactive concept maps.

Integrated application of graph interfaces and
concept maps in interactive learning environments.
The effectiveness of displaying complex conceptual
structures and propositions in the form of graph vis-
ualizations has led to the popularity and versatility
of the use of concept maps in the field of educa-
tional information systems. On the other hand, the
features and established forms of hypermedia con-
tent, as well as the professional field that explores
user experience (UI/UX), together form a challenge
to find effective formats for the wide use of interac-
tive concept maps in information and learning sys-
tems. We are talking not only about the conceptual
presentation of content areas, but also the wider use
of concept maps as interface solutions for navigating
information and learning resources. Thus, in the de-
veloped web portal [30] we try to provide alterna-
tives to the standard hypertext ways of reviewing the
structure of the course and individual pages in the
form of graphs, which nodes represent sections and
parts of content and are effective hyperlinks to these
sections.

Interfaces adaptation to mobile devices. There
is a clear trend towards the predominant use of mo-
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C.B. TuteHko

KAPTU MOHATb, IX BUOWN TA METOOM 3ACTOCYBAHHSA B IHOOPMALIMHO-HABYATIbHUX CUCTEMAX

Mpobnemartuka. Nnepmeaia-cepenosuiue, WO OTpUMano NOTYXHY TeXHiYHy iHppacTpykTypy 3aBasku WWW, symoBuno gocni-

[PKEHHS Ta nosiBy HOBMX ¢popMm i 3acobiB npeseHTaLii iHdhopMaLinHO-HaBYanbHOro KOHTEHTY. PisHOMaHITHIi MeToam Ta 3acobu Bidyanisauii
HaByYarnbHoI iHcbopMaLii NiABULLYIOTE HAOYHICTb | MOMNErLLyTh NPOLIeC 3aCBOEHHS HOBKX 3HaHb. Cepep Takux 3acobiB — WMpoKa nanitpa
KOHUEeNTyanbHUX KapT, WO Habynu 3Ha4yHOro nolMpeHHs B GaraTbox rany3ssix, CyMiXHUX 3 iH(popMaLiHUMM TEXHOSOTISIMU i OCBITOLO.
BUKNUKOM TYT € NOLLUYK KOMMMEKCHMX pilleHb, L0 AafyTb 3MOry 3MEHLUUTX 06YMCIiOBarbHi Ta TPYAO0Bi BUTpaT Ha 6aratodyHKUioHansHe
3aCTOCyBaHHS KapT NOHATb B iHDOpMaLinHO-HaBYanbHNX cucTemax.
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MeTa gocnimxeHHsA. [Jlocnigntn nepeaymMmoBu CTBOPEHHS KapT NOHATb, NpoaHanidyBaTy iX TUMKU Ta Lini 3acTocyBaHHSA B HaB4arnb-
HOMY MpoLeci 1 iHopMaLiHO-HaBYanbHMX cuctemax. OnucaTn BUMOrM A0 iHTEPaKTUBHUX KapT MOHATH B OHTOJSOMNYHO OPIEHTOBAHUX
cucTemax Ansa niaTpumkm 6esnepepBHOro HaBYaHHS.

MeToauka peani3sauii. BukopuctaHHs kKapT NOHSATbL B OCBITHIX cucTeMax 6asyeTbCs Ha MOAENOBaHHI 3HaHb, Teopii rpadis, OHTO-
NOriYHOMY MOZENMOBAaHHI HaBYarnbHOrO KOHTEHTY Ta MeToAax afanTUBHUX CUCTEM eNIEKTPOHHOrO HaBYaHHS. Y CTaTTi NpoaHarnisoBaHo
3acToCyBaHHS KapT MOHATbL | BUMOIM 40 HUX B iHpOpMaLINHO-HaBYanbHUX cUCTEMaXx.

Pe3ynbTaTtu pocnigkeHHsA. KapTi NoHATE CIMPAOTbCA Ha 3HAYYLLI NigBanuHM KOTHITUBHOI Ta NegaroriyHoi Ncuxornorii, kKomn'tote-
PHOI NIHrBICTWKK, iHXeHepii 3HaHb I OTPUManu LUMPOKE 3aCTOCYBaHHSA B €MEKTPOHHOMY HaBYaHHi. KapTu NOHATb BUKOPUCTOBYIOTLCS K
3acib OCMUCNEHOro HaBYaHHSI NPW iX KOHCTPYIOBaHHI YYHSMM, 3aCTOCOBYIOTBCS ANS OLHIOBAHHS 3HaHb, @ TaKoX siK 3acobw Hasirauii
iHdbopMaUinHMMmn pecypcamu. KapTv NOHATb y HaBYarnbHUX CUCTEMAX BUKOPUCTOBYIOTLCA ANS Npe3eHTauii 3HaHb KOPUCTYBayaMm, € iHTe-
pdericamy B 4OCNIQHMLBKOMY MOLLYKY Ta Ornsgi npeamMeTHUX obnacTten HaByaHHs. IHdopMaLinHi cuctemn 3abesneyyoTb 36arayeHHs
KapT NOHATb 3acobamMu iIHTEPaKTUBHOCTI, LLIO Aa€ MOXIUBICTb AMBepCUdiKyBaTh Ta PO3LUMPUTH IX BUKOPUCTaHHS.

BucHoBku. CopmMoBaHO Kfto4HOBi BUMOTU [0 iHTEPAKTUBHMX KapT NOHATb Y CyYacHUX iHOpMaLinHO-HaBYanbHUX CUCTeMax, LWo
BKITIOYAIOTb aBTOMaTM3aLito No6yA0BM iIHTEPAKTUBHUX KapT NOHATb, HASIBHICTb LLUMPOKUX HaBiraLinHUX MOXIMBOCTEN pa3oM i3 KOHTPONeM
KOTHITUBHOIO HaBaHTaXeHHS, peanisawilo MixXnpeaMeTHUX 3B’'A3KiB, MefiliHe aHOTYBaHHS eNeMEeHTIB KapTu, KOMMNIEKCHE 3aCTOCYBaHHS
rpadoBux iHTepdencis 4na pi3HUX YacTUH cUCTEMM Ta aganTaLito 40 MOBiNbHUX NPUCTPOIB.

Knio4yoBi cnoBa: kapTa MoHATb; OHTOMNOTII B OCBITi; HaBYarnbHi cucTeMu; iHopMaLiiHO-HaBYanbHi CUCTEMU; €NEKTPOHHE HaB-
YaHHs; rpad 3HaHb; KoHUenTyanbHUiA rpad; 6eanepepBHe HaBYAHHS.

C.B. TuteHko

KAPTbI MOHATUW, X BUIbI U METOLbI MPUMEHEHNSA B UHAGOPMALIMOHHO-OBYYAIOLLMX CUCTEMAX

Mpobnemartuka. Mnepmeauna-cpeaa, NOMy4MBLLASA MOLLHYIO TEXHUYECKYIO MHppacTpykTypy bnarogaps WWW, obycrosuna unc-
CrnepoBaHus 1 NosiBieHne HOBbIX POPM M CPEACTB Npe3eHTaumnm MHOPMaLMOHHO-Y4eBHOro KOHTEeHTa. PasnnyHble MeToasl U CpeacTea
BU3yanuaauum y4ebHon MHgopMaLmm NoBkILAT HAarMsaAHOCTL M 0bneryatoT NPoLecc BOCNPUATUS HOBbIX 3HaHU. Cpean Takux cpeacTs —
LUIMPOKasi ManuTpa KOHLEeNTyarbHbIX KapT, MOMYyYMBLUMX LUMPOKOE pacrnpoCTpaHeHWe BO MHOMMX 06nacTax, CMEXHbIX ¢ MHpOpMaLMOH-
HbIMW TEXHOMNOrMsIMK 1 0BpasoBaHMeM. BbI30BOM 34eCh ABNAETCA MONCK KOMMMEKCHbIX PELIEHNI, KOTOPbIE MO3BOMNAT YMEHbLUWNTL BblYUC-
nuTenbHble 1 TPyAOBbIE 3aTpaThl HA MHOrOMYHKLMOHANbLHOE NPUMEHEHWE KapT NOHSATUI B UHPOPMaLIMOHHO-06y4aloLLmX cucTemax.

Llenb nccnepoBanumsa. Viccrniegosatb Npeanockiiku K CO3AaHMI0 KapT NMOHATUIA, NPOaHannMampoBaTh UX TUMbI, LeN NPUMEHEHNUs B
y4ebHOM npoLiecce 1 MHPOPMaLIMOHHO-00y4YatoLLmX cuctemax. OnucaTtb TpeboBaHUA K MHTEPAKTMBHBIM KapTaM NOHATUI B OHTOSNOMMYeCK-
OPVEHTUPOBAHHbIX CUCTEMAX A5 NOAAEPXKKN HENpepbIBHOrO 0byYeHus.

MeToguka peanusauuu. Vicnonb3oBaHve KapT NOHATUIA B 06pa3oBaTenbHbIX cucTeMax 6as3vpyeTcst Ha MO4ENNPOBaHUM 3HAHWUI,
Teopuun rpadpoB, OHTONOIMYECKOM MOAENMPOBaHNN Y4eBHOro KOHTEHTa M MeTodax aAanTUBHbLIX CUCTEM AMEKTPOHHOro obyyeHus. B cTa-
Tbe NPOaHanM3nMpoBaHo NPUMEHEeHUe KapT NOHATUI 1 TpeboBaHNs K HUM B MHOPMaLIMOHHO-00y4YatoLLmMX CUCTEMAX.

PesynbTathl nccnegoBaHus. KapTbl MOHATMIA ONMMPAOTCA Ha 3HA4YMMble OCHOBbI KOrHUTMBHOW U NeAarornyeckon ncuxonoruu,
KOMMbIOTEPHON NIMHIBUCTUKU, MHXXEHEPWUIN 3HAHWI 1 NOMYYUNN LUMPOKOE NPUMEHEHNE B 9NIeKTPOHHOM 00y4YeHnn. KapTbl MOHATWI ncnonb-
3yl0TCS KaKk CPeACTBO OCMbICIIEHHOTrO 0ByYeHUst NMpU UX KOHCTPYMPOBaHUM YYEHUKaMK1, MPUMEHSIOTCA ANSA OLEHKV 3HaHUW, a Takke Kak
cpeacTea HaBurauum no MHoOpMaUMOHHbIM pecypcaM. KapTbl NOHATUI B y4eBHbIX CUCTEMAXxX MCMONb3YHTCS ANS Npe3eHTaumMm 3HaHum
nonb3oBaTensm, Cnyxar Kak MHTepdeiicel B NpoLecce nccrneqoBaTensckoro novcka n ob3opa npeamMeTHbIx obnacten obyyenus. VH-
dopmMaLMoHHble cucteMbl obecneymnsatoT oboralleHve kapT NOHATUIA CPeACTBaAMU UHTEPAKTUBHOCTH, YTO NO3BONSIET ANBEPCUDULIMPO-
BaTb W PacLUMPUTb UX UCMONb30BaHUE.

BbiBoabl. CchopMupoBaHb! kntoyeBble TpeboBaHNSA K MHTEPAKTUBHBIM KapTaM MOHATUIN B COBPEMEHHbIX MH(OPMaLMOHHO-00yyYa-
IOLLIMX CUCTEMAX, BKIIOYaloLLMe aBTOMAaTHU3aLMI0 NOCTPOEHUSI UHTEPaKTUBHBIX KapT NOHATUIA, HAaNU4Me LUMPOKMUX HaBUraLMOHHbBIX BO3MOX-
HOCTeW BMecTe C KOHTPOSieM KOTHWTMBHOW Harpysku, peanv3aumio MexnpeaMeTHbIX CBsi3eil, MeAMiHOe aHHOTUPOBaHUE SreMeHTOB
KapTbl, KOMNNEKCHOE NpUMeHeHe rpadoBbIX MHTEPENCOB ANA Pa3NNYHbIX YacTeln CMCTEMbI M adanTaumio K MOBUIbHBIM YCTPONCTBAM.

KnioueBble cnoBa: kapTa MOHATUIA; OHTONOMMM B 06pasoBaHnu; obydarolmne CUcTeEMbI; MHAOPMAaLMOHHO-06YYatoLIMe CUCTEMBI;
3MeKTPOHHOE 0ByYeHue; rpad 3HaHW; KOHLENTyasbHbIi rpad; HenpepbiBHOE 0By4YeHve.

PexomennoBaHa Panoro Hagiiinia no penaxitii
TEIJIOEHEPIeTUYHOTO (haKyJIbTETy 13 cepmHs 2020 poky
KIII im. Iropst Cikopcbkoro
IIpuitasaTa 1o my6mikaiii
10 rpyans 2020 poky
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