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Abstract

The purpose of this article is to demonstrate a computer implementation method of fuzzy set theory
and fuzzy logic to control the complexity of presenting teaching material in class. Among the tasks
that arise in this case, only one was singled out: the implementation of pedagogical modeling on
the basis of the most powerfil information system of fuzzy logic — Fuzzy Logic Toolbox (Mat Lab
program). Approaches in formalization of statements of pedagogical orientation are shown.
Examples related to the management of feeding difficulties learning material in class on the
motivation and speed of learning new material. The results of the experiment on the influence of
negative and positive motivation of students on the selection of the complexity of the educational
material are presented. The forms of visualization of the analysis results in one-dimensional
(graphics) and three-dimensional (surfaces) form are presented. These fuzzy inference surfaces
allow you to determine the dependence of the values of the source variable on the values of the
input variables of the fuzzy model. It is concluded that on the basis of the theory of fuzzy logic and
Juzzy sets, it is possible to accurately and objectively perform calculations of the motivational
component of learning and the rate of assimilation of new material from the position of its
complexity. In this way, the teacher can guarantee to predict the results of future classes, which he
prepares. The model, based on a computer system of fuzzy logic, allows the teacher to control the
complexity of the presentation of the material in the classroom, which avoids subjectivity in the
selection of the level of complexity of the educational material, and thus significantly improve the

quality of training.

Introduction

In pedagogic in contrast to other fields of
knowledge, teachers state their standpoint or analyze
educational process in the form of judgments of fuzzy,
and vague nature. The following statements, as:
“better — worse™ (e.g. material mastering), “enhanced
— weakened” (e.g. preparation), “raised - lowered”
(e.g. academic progress), “raised — lowered» (e.g.
intellectual growth level) are involved in their
speeches. When specifying characteristics and
qualities of educational process elements, intermediate
ranking is used: “enhanced a little”, “improved
enough”, “weakened below average”, “implemented
over the limit” etc. Such judgments are hard for
formalization and particularly for determining strict
and distinct summaries, interferences and conclusions.

In this specially developed concepts are used
— these are the theory of fuzzy sets and the theory
of fuzzy logic in software systems, among which
the most powerful one is Fuzzy Logic Toolbox
software package from matrix laboratory system
“MatLab” by MathWorks.

Many thorough scientific researches deal
with education management. For example, the
works of Russian scientists consider issues of
relevant information support for managing
educational facilities. Among researches of a
considered problem the most significant works are

by Y. A. Konarzhevskiy (2000), V.S. Lazarev
(1995), V. S. Pikelnaya (1990), M. M. Potashnik
(1997), E. N. Khrikov (20006).

In terms of this scientific inquiry important
ones arc the works by V.P.Bespal’ka (1989),
V. A. Slastenin  (1997), S. A. Smirnov (2000),
which cover the problems of work optimization
with institutional and administrative information,
meeting information needs of pedagogical staff,
building administrative culture of teachers etc.

A. G. Guralyuk  (2008), D. V. Demidov
(2009), G. A. Sukhovich (2008) considered In their
rescarches the complexity management issues in
delivering education material, but only at
theoretical and methodological level. The
development process is following the way of
integrating pedagogical researches and discoveries
in the field of the exact sciences. In mathematics
there are significant practices in terms of
formalizing social and educational mechanisms
implemented in analysis/decision-making computer
systems. However the problem of managing the
complexity of teaching material presentation is still
insufficiently researched both in theoretical and in
practical aspects. Such an important question as
consideration of fuzzy ~model computer
implementation for managing the complexity of
teaching material presentation at lessons has left
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overlooked for now.

At the same time, regarding the practical
importance managing the complexity of teaching
material presentation for high quality education
results, absence of a theoretical basis and practical
use of such system in educational facilities, the
article heading has been selected: «Managing the
complexity of teaching material presentation using
a fuzzy set model».

For school teachers, lecturers, department
heads and deans of higher education institutions
this research area is very interesting, and its
development becomes not only a theoretical and
methodological basis for improvement of
educational measurements and scientometrics, but
also for practical use in education processes
management.

Article purpose — to demonstrate a
computer realization of fuzzy set theory and fuzzy
logic theory for managing complexity of teaching
material presentation at lessons.

Among tasks which arise herewith, only one
has been determined: the implementation of
pedagogical modeling on the basis of the most
powerful up-to-date information system of fuzzy
logic — Fuzzy Logic Toolbox (through matrix
laboratory software package Mat Lab, ver.
R2013a).

Management of complexity of giving of a
teaching material on employment by means
of the program of fuzzy logic toolbox

On the basis of concepts presented by fuzzy
sets, there is a possibility to interpret human
judgments which can be used further for modeling and
forecasting of administrative education processes.

In pedagogic, as a rule, the easiest way for a
teacher or a pupil (student) to outline some
processes or phenomena of teaching and
educational validity at the level of verbal
descriptions, i.e. — in non-formalized form (Morze,
2013). It is more convenient to use qualitative fuzzy
estimations, like “much”, “a little”, “high enough”,
“too far”, “very close”, “quickly”, “too slowly”,
“average (e.g. preparation)”, “too weak” etc.

Let's admit that X = {Cambridge university,
Stanford university, Moscow State University,
National University of Kyiv} — is a set of various
world’s top-rank universities. Then the fuzzy set 4
= “Excellent university” can be defined as follows:

A = {(Cambridge / 1), (Stanford / 0.8),
(MSU/0.3), (NUK / 0.1},
where the figures standing near names express the
degree of reflection (approximation) of a definition
“Excellent university”.

It is clear that the membership function for
each fuzzy set is generally defined in a subjective

way. For the example above the member function
form for a fuzzy set reflects an estimation variant of
“F1 Study, 2010” independent reference book,
which can be a agreed not by everyone.

Despite vague limits of a fuzzy set A, it can
be precisely defined with a comparison to each
element of x-number standing between 0 and /,
representing its membership in A.

For example, membership function of an
“external conflict” concept (a conflict out of itself)
will be written in the language of the fuzzy sets
theory as follows:

External conflict = {20/0.01 + 20/0.9 + 20/0.5 +
10/0.5 + 10/0.2 + 10/0.1},

here the “+” sign is not a symbol for addition but
for unification;

number 20 means a conflict tendency level
among people with expressed extraversion;

number 10 — a conflict tendency level among
people with expressed introversion.

Any of these values FExtroverts-Introverts
values have a correspondent proximity index, for
example, according to the behavior style of these
individuals in external conflicts (according to the
classification of an American psychologist
R. Thomas). For cooperation this value is 0.01, for
rivalry — 0.9, for compromise — 0.5, for adaptation
— 0.2 and for conflict avoidance — 0.1. From the
listed styles only one — cooperation, is active and
effective in terms of defining result of a conflict
situation. The most conflict-oriented is the second
active style — rivalry (proximity index — 0.9);
avoidance and adaptation are characterized by the
passive form of behavior, therefore the proximity
index is smaller (0.1 and 0.2). Compromise
occupies an intermediate position, combining both
active, and passive reaction forms (it has 0.5 index).

If to consider new judgments in relation to
the basic concept - “conflict”, then they can be
defined in fuzzy sets theories as follows:

Incident = conflict” (squared conflict);

Challenge = conflict’ (cubed conflict);

Escalation = conflict’ (the conflict in the
Jourth degree).

In the theory of fuzzy sets membership
function plays a key role as it is the basic
characteristic of fuzzy object, and all actions with
fuzzy objects are made through operations with
their functions of an accessory. Definition of
function of an accessory is the first and very
important stage of modeling allowing then to
operate with fuzzy objects.

There are no strict rules which could be used
for a choice of corresponding membership function,
as well as there are no methods of an estimation of
appropriateness and correctness of membership
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functions put forward in various ways. The methods
used for constructing a membership function,
should be flexible enough so that they could be
rearranged easily for action optimization of
algorithms, which are using these membership
functions. The problem of choosing a membership
function is also essential, as the efficiency of many
algorithms depends on the form of wused
membership function.

Due to the fact that between elements, which
are members of any set or are independent, there
can be no sharp edge, we often cannot give a
definite answer to a question on value of a
membership function in limits of traditional formal
logic. The professor of the University of California
Lotfi A. Zadeh in 1965 developed the basics of the
fuzzy sets theory; he also offered an exit from this
uneasy situation.

Linguistic variable — is a variable which
accepts value from a set of words or word
combinations of some natural or artificial language.
The linguistic variable can be defined as a variable,
the values of which are not numbers, but words or
sentences in the natural language used in verbal
human dialogue. For example, the linguistic variable
“proficiency” can accept following values: “very
weak”, “weak”, “above average”, “average”, “below
average”, “high”, “very high”, etc. These values,
which display degree of expressiveness of a variable,
are called in the fuzzy sets theory as terms (a term —
to name). It is clear that the variable “proficiency”
will be a usual variable, if its values arc exact
numbers, and it becomes a linguistic variable as it is
used in fuzzy judgments. Each value of a linguistic
variable corresponds to a certain fuzzy set with its
membership function. So, the linguistic value
“Excellent university” can correspond to a
membership function of some mathematical
dependence, and the terms of the linguistic value can
be expressed as follows: highly excellent university,
excellent university, excellent university of average
type, not absolutely excellent university etc.

Let's consider an example connected with
managing the complexity of teaching material
presentation according to motivation and speed of
mastering new material by students.

In this case empirical knowledge of the
considered pedagogical problem can be presented
in the form of heuristic rules, which are developed
by a skilled teacher intuitively and internally for the
case of taking an administrative decision.

The knowledge base can have
appearance:

1. If Motivation of training is Very positive,
and Speed of mastering of a new material is High, it
is necessary to give (use) a material of Very high
complexity.

2. If Motivation of training is Very positive,
and Speed of mastering of a new material is Low it
is necessary to give a material of Above average

[33

such

complexity.

3. If Motivation of training is Positive, and
Speed of mastering of a new material is High it is
necessary to give a material of High complexity.

4. If Motivation of training is Positive, and
Speed of mastering of a new material is Low it is
necessary to give a material of Average complexity.

5. If Motivation of training is Very negative,
and Speed of mastering of a new material is Low it
is necessary to give a material of Very low
complexity.

6. If Motivation of training is Very negative,
and Speed of mastering of a new material is High it
is necessary to give a material of Below average
complexity.

7. If Motivation of training is Negative, and
Speed of mastering of a new material is Low it is
necessary to give a material of Low complexity.

8. If Motivation of training is Negative, and
Speed of mastering of a new material is High it is
necessary to give a material of Average complexity.

9. If Motivation of training is Very positive,
and Speed of mastering of a new material is
Average it is necessary to give a material of High
complexity.

10. If Motivation of training is Positive, and
Speed of mastering of a new material is Average it
is necessary to give a material of Above average
complexity.

11. If Motivation of training is Very
negative, and Speed of mastering of a new material
is Average it is necessary to give a material of Low
complexity.

12. If Motivation of training is Negative, and
Speed of mastering of a new material is Average it
is necessary to give a material of Below average
complexity.

13. If Motivation of training is Standard
(within normal limits), and Speed of mastering of a
new material is High it is necessary to give a
material of Above average complexity.

14. If Motivation of training is Standard,
and Speed of mastering of a new material Low it is
necessary to give a material Below average
complexity.

15. If Motivation of training is Standard,
and Speed of mastering of a new material is
Average it is necessary to give a material of
Average complexity.

This information will be used at construction
of base for rules of fuzzy interference system,
which will allow to realize the given fuzzy model
management.

Let's remind that motives are internal forces
connected with personal needs, and engagement to
educational activity; in other words, motives — are
intended, acknowledged and experienced needs,
particularly an interest for educational work,
cognitive activity and a considered lesson topic etc.
Motivation is measured in relative values, for
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example, in per cents (from 0 % to 100 %).

In pedagogic the reason is generally
identified with such concepts, as influence, action,
influence indicator and parameter. One factor is
defined according to at least two or more product
development reasons of the same membership
groups (for example, general or specific one).

If to consider the “training motivation”
didactic factor as a management system of
complexity of teaching material presentation it is
necessary know that this concept has a complex
internal structure. The motivation of training can be
positive and negative. As an example we will show
product development reasons of some of such
motivations (Podlasyj, 2002; p. 338):

— Reason impulse (positive — “I want” and 1
can”; negative — “I must” and “I shall”);

—Duration (accordingly: significant —
insignificant);

— Inevitability (weak — strong);

— Cognitive  organization (deliberate -
mechanical);

—Intellectual  flexibility  (easiness  of
transition from some intellectual actions to other —

rigidness thinking);

— Rate (heated — sluggish);

—Purpose  characteristic ~ (aftractive —
unpleasant);

—Emotional coloring  (satisfaction —
depression);

— Imagination intensity (considerable -

insignificant) etc.

Speed of mastering of a new material is time
for mastering of Information and meaning elements
of a text (IMET) per time unit, and complexity
(difficulty) of a material is degree of its mastering.
During the lesson 0 to 15 IMET can be perceived,
therefore the range of definition of this value will
fluctuate in different scales. The material
complexity can be measured in different scales. For
convenience of the task solution, we will choose a
7-point scale which conform with seven terms
below (from 1 to 7).

To form a rule base for a fuzzy interference
system it is necessary to define preliminary input
and output linguistic variables. From the statements
above it is clear that as one of input variables it is
necessary to use training motivation: x; — “7raining
motivation”, the second linguistic variable is x, —
«Speed of mastering». As an output linguistic
variable a managing value of complexity of
teaching material presentation will be used: y -
“Material complexity”.

To reduce rules recording we will use
standard MatLab symbols. As terms the following
is used:

For what should be given as a teaching
material.

Very high complexity — PB (positive big);
High complexity — PM (positive medium);

Above average complexity — PS (positive small);
Average complexity — ZE (zero);

Below average complexity — NS (negative small);
Low complexity — NM (negative medium);

Very low complexity — NB (negative big).

For training motivation:

Very positive — PB,;

Positive — PS;

Standard — ZE,

Negative — N§;

Very negative — NB.

For speed of mastering of a new material.

High — PM;

Average — ZE;

Low — NM.

Thus, we have executed the fuzzyfication of
input variables.

For our case the fuzzy interference system
will contain 15 rules of the fuzzy knowledge
database as follows:

1. IF «x1 is PB» AND »x2 there is PM»

THAT «y is PB»

2. IF «x1 is PB» AND «x2 there is NM»
THAT «y is PS»

3. IF «x1 is PS» AND «x2 there is PM»
THAT «y is PM»

4. IF «x1 is PS» AND «x2 there is NM»
THAT «y is ZE»

5. IF «x1 is NB» AND «x2 there is NM»
THAT «y is NB»

6. IF «x1 is NS» AND «x2 there is PM»
THAT «y is NS»

7. IF «x1 is NS» AND «x2 there is NM»
THAT «y is NM»

8. IF «x1 is NS» AND «x2 there is PM»
THAT «y is ZE»

9. IF «x1 is PB» AND «x2 there is ZE»
THAT «y is PM»

10. IF «x1 is PS» AND «x2 there is ZE»
THAT «y is PS»

11. IF «x1 is NB» AND «x2 there is ZE»
THAT «y is NM»

12. IF «x1 is NS» AND «x2 there is ZE»
THAT «y is NS»

13. IF «x1 is ZE» AND «x2 there is PM»
THAT «y is PS»

14. IF «x1 is ZE» AND «x2 there is NM»
THAT «y is NS»

15. IF «x1 is ZE» AND «x2 there is ZE»
THAT «y is ZE»

Let's open the FiS-editor and define 2 input
variables with names x/="Motivation training”
and x2="Speed mastering” and one output
variable with a name y="Complexity material”.
Through File — Export — To File we save the
fuzzy system file under name Complexityl.fis. The
screenshot of FiS-editor graphic interface for these
variables is shown in Figure 1.
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establishment after the degree pedagogical

Konsioa M.I., Byzaesa T.H. Ynpasnenue cnodxcnHocmuvio nodauu yuebnozo mamepudand Hd
3AHAMUU HA OCHOGE KOMNLIOMEPHOU MO0 HeUemKUX MHOMCeCcms. [[enb cmamb — HA2TAOHO
NOKA3aMb KOMNLIOMEPHBI CNOCO6 peanu3ayiil Meopuy HeuemKux MHOXCeCH8 U meopuil HeyemKol
JIO2UKYU ONIA YAPAGNEHUA CTIONCHOCHIBIO Nooayy yuebHoeo Mmamepuana Ha sanamuu. Cpeou saday,
KOMOpble GO3HUKAIOM NpU 3MOM, Oblia eblOeNieHa Uty OOHA: pPeanu3ayus nedacocudecKo2o
MOOENUPOBAHUA HA OCHO8E CAMON MOWHOU HA Ce200HAUHUT OeHb UHQOPMAYUOHHOI cUcHmeMbl
nevemxoti aozuxu — Fuzzy Logic Toolbox (npoepammsr Mat Lab). Iloxasanvi nooxoost 6
Qopmanusayuy  8bICKA3BIBAHUL  Nedazo2u4ecKoll  HanpagieHHochit.  Paccmompenvl  npumepei,
CEA3AHHBIE C YNPAGNEHUEM NOOayeli CIONCHOCHU YHeOHO20 MAMEPUANA HA 3aHAMUY OMHOCUMETLHO
yuema MOmMUGAYUU U CKOPOCMU YCEOeHUs Hogoeo Mamepuana. Ilpugedenvl pesyimvmamol
OKCHEPUMEHMA  OMHOCUMENbHO — GTIUAHUL  OMPUYATNENLHOI U NOJIONCUMETBHOT  MOMUSAYUL
00VUAIOWUXCA HA NOOBOD CONHCHOCHI Y4ebHO20 Mamepuana. [Ipedcmagienvt popmbl eU3yamu3ayuy
De3yIbmamos aHANU3d & OOHOMEPHOM (2pachuxu) u o0OveMHOM (nogepxHocmu) eude. Omu
NOGEPXHOCHIU HEYemKOo20 8blg00A HNO3GONAION YCHIGHOGUMb 3A8UCUMOCHIL 3HAYEHUT UCXOOHOT
nepeMeHHOI OM SHAYEHUl BXOOHBIX NepeMeHHbIX HeuemKoil Modenu. COenaH ¢bigoo, Ymo Ha OCHOge
Meopull HeUemKol JIOZUKY U HeUemKUx MHOXCECHE MONXCHO OOCHIAMOYHO MOYHO U OObEKMUBHO
BLINOTIHANL  pACHenibl MOMUGAYUOHHOT coCmagnarouell o0VyYeHs 1 CKOPOCMU YCEOEHUS HOB020
Mamepuana ¢ nosuyuu  e2o  croxcwocmu.  Taxum  cnocobom  npenooagamenb  Modicem
2APAHMUPOBAHHO NPOSHOSUPOGAMb  pe3Vibambl  OYOVuje20 3aHAMUL, KOMOpoe OH 2OmOGUM.
Mooens, OCHOBAHHAA HA KOMNBIOMEPHOU CUcmeMe HeuemKoll JIo2UKY, Oaem O03MONCHOCHIb
npenooasameno OO3UPOSAHO VAPAGIAMb CIONCHOCHBbIO NOOAYU MAMEPUANa HA 3aHAMUY, 4mo
no380NAem U30eHCams CyObeKMUBUIMA & NOOBOpe YPOGHS CNIONCHOCHU Yy4ebHO20 Mamepuand, U
MeM CaMbIM CYUeCMEEHHO NOGLICUNb KAYeCHE0 00y eHUL.

Kmioueevte cnosa. lleoacozuueckoe npoeHosuposanue, s¢hdpexmugroe obyyenue, ynpagieHue
CHIOJICHOCMBIO  MAMEPUANd, KOMNbIOMEPHAS MOOeNb HEeYemKUX MHOJCeCms, HAYKOMempus,
Gopmanuzayus 4eno8eHecKux blCKA3bIBAHUI.

Konaoa M.I'., Byzaiiosea T.I. ¥Ynpaeninns criaduicmio nooaui HasuanbHo20 mamepiany HA
3AHAMMI HA OCHO8L KoMn'IomepHoi modeli HeuimKkux MHOdMcun. [[ine cmammi — HaouHo
noxazamu KoMn'tomepHuil cnocib peanizayii meopii HewimKux MHOJICUH | Meopii HeuimKoi 102iKu
O YNpasninHa CKIAoOHIicmio nooayi HagyanvHozo mMamepiany Ha 3anammi. Cepeo s3adau, ujo
GUHUKAIOMb NPU YooMY, OVIa GUOiNeHa uute 0OHA: peani3ayis neodazoziuHo20 MOOemo8aHHs HA
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OCHO8I camoi MO2YmHbOI Ha CbO20OHIWHIL OeHb iHgopMayitinol cucmemu Heuimxol noziku — Fuzzy
Logic Toolbox (npoepamu Mat Lab). [lokasano nioxoou y popmanizayii eucnognenv neoazo2ivHoi
enpamoganocmi. PozenaHymo npuxiaou, nog'sisami 3 YNpaguiHHaM nooadero  CKIaoHocnii
HAgYANbHO20 Mamepiany HA 30HAMMI Wo00 8pAXY8AHHA MOMUSAyil I WeUOKOCMI 33C80EHHA
Hogoco mamepiany. Ilpugedeno pe3yibmamu excnepumMenmy wooo 6enugy HeeamugHol |
NO3UMUGHOT MOMUBAYIT MUX, X0 HAGYAEMBCA, HA NIO6OP CKIGOHOCHI HAGUANIbHO20 Mamepiany.
Ipeocmasneno opmu sizyanizayii pe3yiromamie ananizy 8 0OHOMIpHOMY (2pagixu) i 06'cmnomy
(nogepxhi) euenaoi. Ili nogepxui HewimKoz0 GUCHOBKY O03BO0JIAIOMb YCIMAHOGUMU 3CTENCHICITb
3HAUeHb BUXIOHOL 3MIHHOL 80 3HAYEHb BXIOHUX SMIHHUX HedimKoi Mooeli. 3pobaeHo sUCHOBOK, WO
HO OCHO8I Meopil HewimKoL J02iKu | HeUImKUX MHOJICUH MOJICHA OOCUMb MOYHO i 06'€KmugHo
BUKOHYBAMYU PO3PAXYHKU MOMUBAYITHOT CKIAO080T HAGUAHHA | WBUOKOCMI 30CE0CHHS HO8020
Mamepiany 3 nosuyii ii0eo cxnacHocmi. Taxum cnocobom GuUKIA0aY MOxice 2apaHmMO8aHO
NPOSHO3VEAMU pe3VIbmamuy MailbymHubo20 3anamms, axe gin ecomye. Mooens, 3acHosana Ha
KoMn'tomepHili cucmemi Hewimxol JN02iKu, OAe MONCTUGICMb GUKIAOAYY 00308AHO Kepyaami
CKAaoHicmio nooayi mamepiany Ha 3aHAMmi, Wo 00360J9€ YHUKHYMU cYO'ckmugizmy 8 niobopi
PiHs CKNAOHOCMI HABYAILHO20 MAMEPIaNy, i muM camMum iCMOmMHO NiOUUMU AKICHb HAGYAHHS.

Kmouosi cnosa. Ileoaeociune npocHo3yeanHs, eghexmusre HAGUAHHA, VNPAGNIHHA CKIAAOHICIIO
Mamepiany, KOMn'tomepHa MOOelb HeYimKux MHOJMCUH, HAYKOMempid, opmanizayis JroocbKux
BUCTIOBIIEHD.

Koliada M.G., Bugayova T.1. Control the complexity of the presentation of educational material
in the classroom on the basis of a computer model of fuzzy sets. The purpose of this article is to
demonstrate a computer implementation method of fuzzy set theory and fiizzy logic to control the
complexity of presenting teaching material in class. Among the tasks that arise in this case, only
one was singled out: the implementation of pedagogical modeling on the basis of the most
powerful information system of fuzzy logic — Fuzzy Logic Toolbox (Mat Lab program).
Approaches in formalization of statements of pedagogical orientation are shown. Examples
related to the management of feeding difficulties learning material in class on the motivation and
speed of learning new material. The results of the experiment on the influence of negative and
positive motivation of students on the selection of the complexity of the educational material are
presented. The forms of visualization of the analysis results in one-dimensional (graphics) and
three-dimensional (surfaces) form are presented. These fiizzy inference surfaces allow you to
determine the dependence of the values of the source variable on the values of the input variables
of the fuzzy model. It is concluded that on the basis of the theory of fuzzy logic and fuzzy sets, it is
possible to accurately and objectively perform calculations of the motivational component of
learning and the rate of assimilation of new material from the position of its complexity. In this
way, the teacher can guarantee to predict the results of future classes, which he prepares. The
model, based on a computer system of fuzzy logic, allows the teacher to control the complexity of
the presentation of the material in the classroom, which avoids subjectivity in the selection of the
level of complexity of the educational material, and thus significantly improve the quality of
training.

Keywords: Pedagogical Forecasting, FEffective Training, Managing material complexity,
Computer model of indistinct sets, Scientometrics, Formalization of human statements.
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