IIpoananizoeano npodaemu cyuacnux
e-learning ma o6rpynmoeano neodxionicmo
8NPOBAONCEHHA CUCMEM eP2OHOMIMHOL AKOC-
mi. O6Tpynmosano HeodXionicmo cucmem-
HO20 epeoHOMIuH020 ananizy 0as ingop-
Mauiiinozo 3abesneuenns e-learning. Pos-
poobneno xomnonenmui i mopponoziuni mo-
deni e-learning sk cxaaonoi cucmemu "no-
Juna-mexuixa-cepedosuuie”. Pesyavmamu
dozsonsromos popmyeamu inpopmauiine 3a-
Oesneuenns adanmuenux e-learning i cnpu-
AOMb NOWMYKY eP2OHOMIMHUX pe3epeis dia-
1020601 83aemo0ii "nr00una-xomn'romep"

Knouosi crosa: e-learning, epeonomixa,
"mooduna-mexunixa-cepedosuwe”, cucmem-
HU ananiz, enNeKmpoHHUl HABUATbHUU
MOOY1b

IIpoananuzuposanvt npodoaemvt cospe-
Mennvix e-learning u o6ocrnoeana neo6xoou-
MOCMb 6HEOPEHUSL CUCTEM IPZOHOMUMECKO-
20 xauecmea. Q6ocnosana HeodxX00uMOCMD
CUCMEMHO020 IP2OHOMUMECK020 AHANU3A O
ungpopmauuonmozo odecnevenus e-learning.
Paspabomanvt xomnonenmuvie u moppho-
nozuneckue modeau e-learning xax caodic-
HOU cucmemovl “uenoeex-mexnuxa-cpeoa”.
Pesyavmamot noszeonsom Gopmuposamo
unopmayuonnoe obecneuenue aoanmue-
Hotx e-learning u cnocoocmeyrom noucky
IP2OHOMUMECKUX Pe3ePB06 0UA0208020 634~
umooeiicmeus “venosex-xomnviomep”

Kniouesvte caoea: e-learning, apeonomu-
Ka, “uenosex-mexnurxa-cpeoa”, cucmemmolii
ananu3z, 3eKmpoHHbLE Y1eOHbLL MOOYTb

1. Introduction

The widespread introduction of computer technology into
all spheres of human activity radically changed the nature of
people’s activity. Revolutionary changes occurred not only in
industry, agriculture and science, but also in educational sys-
tem. Computerization of processes of attaining knowledge and
skills touched upon many forms of learning (school, institute of
higher education, factory, business company, self-instruction,
retraining, qualification upgrading and others). The progress
of technical facilities and new technological opportunities
caused a splash of interest in the computerization of learning,
thus, a new progressive concept of “lifelong learning” has taken
root and has been widely spreading in recent years [1].
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Electronics-based learning has passed a number of stag-
es — from the “application of technical equipment for educa-
tion” to contemporary distributed educational environments
of universities, for example [2, 3], with the use of mobile de-
vices [4, 5]. At universities, “online” and “blended” learning
technologies are widely used [6, 7].

It involves enormous resources and unbelievable efforts
from the teams of I T-specialists, instructors, scientists, directed
at creating learning technologies of a new type, for example [3].

Although great advances have been made, however, ac-
cording to some estimates, for example [8, 9], results received
do not entirely meet expectations of the leading specialists.

The practice of a number of institutes of higher education
indicates that learners do not want to work with non-adap-




tive systems, which do not meet their contemporary re-
quirements and expectations. Even the most advanced
technologies and devices, used without a comprehensive
systems analysis, may lead to a decreased effectiveness.
Some aspects of such problems are analyzed, for example,
in [9, 10].

Even the problems of harmfulness of e-learning and new
threats to humans that arise when it comes to special fea-
tures of new information technologies are discussed in [11].
Thus, the relevance of the work is determined by the need
for searching for ergonomic reserves to enhance e-learning
effectiveness.

2. Literature review and problem statement

It is obvious that with the complication of automated
information systems in the complex of general measures,
directed toward effectiveness enhancing, the need of taking
ergonomic measures and facilities is becoming increasingly
important [12, 13]. The programs of ergonomic quality man-
agement [14, 15] are supposed to enhance reliability [17], us-
ability [18] and to provide the optimum working conditions
of operators [15, 19]. Furthermore, their introduction makes
it possible to decrease stress probabilities [20] and hazards
for the health of people [14, 21].

In this respect, the new methods that compliment the
existing classical approaches of ergonomics have been devel-
oped in recent years:

— design of working conditions at work sites of operators
[22, 23];

— ergonomic assessment [23, 24];

— design of algorithms of human-computer interac-
tion [25];

— distribution of functions between operators [26, 27];

— optimization of group activity [28];

— predicting error-free of operators and risks of losses
caused by unreliability [29];

— others (briefly described in [13, 14, 21]).

Many of these methods are expedient to use in the
process of both designing and operation of e-learning,
and in classical systems «human -technology-environment
(30, 31].

However, the specificity of e-learning as a special system
“human-technology-environment”, the elements of which are
different from other types of systems [32, 33]:

— object of labor — information (learning content);

— implements of labor — software and hardware facilities
of learning content delivery;

— labor product — new state of a human operator (new
knowledge and skills);

— system of effectiveness assessment — through indica-
tors of probability of achievement of assigned standards of
knowledge and skills and a degree meeting “the expectations
of learners” requires specific methods of providing ergonom-
ic quality [21, 32].

Systems analysis of problems of human-computer inter-
action in the university learning environments, approaches
to searching for ergonomic reserves for enhancing effective-
ness and requirements for appropriate methods is presented
in [34].

The new developed methods for e-learning improvement
include:

— principles and technologies of designing interfaces
(32, 35];

— principles of designing dialogue interaction [31, 32];

— ergonomic assessment of electronic educational mod-
ules [36-38];

— multilevel adaptation of e-learning to special features
of a human-operator [39].

Solution of the problems of contemporary technologies
of computer learning [34, 39], related to low adaptability to
special features of learners, is proposed to be achieved by:

— creating a system of ergonomic certification and pass-
portization of electronic educational modules [38];

— implementing special agent-managers [40], intended to
realize the mechanisms of multilevel adaptation.

The capabilities of such intellectual agents include [34,
39, 40]:

1. GroupTask1 — selection of optimum modality, con-
venient for a particular person (provides maximization of
cognitive comfort).

2. GroupTask2 — operative correction of recommended
algorithms of the human-computer interaction, considering:

— functional state of an operator;

— motivation of an operator;

— training level of an operator;

—special features of technical and software facilities,
available time and other resources;

— interactive capabilities of electronic module;

— current self-control results and others.

In spite of the essential progress in development of
mechanisms of such multilevel adaptation for e-learning,
effectiveness of intellectual agents functioning is limited to
the degree of development of information environment at an
institute of higher education) (enterprise) [41]. Making opti-
mum decisions in terms of management of ergonomic quality
of dialogue interaction is finally determined by the existence
of relevant data and knowledge in the system of information
provision of e-learning [41].

It is clear that the problem of “Big Data in E-Learning”
[42] is becoming obvious as far as ergonomic updating of
learning processes is concerned.

The solution of this problem may be found if we use the
methods of systems ergonomic analysis, developed in the func-
tional-structural theory of ergotechnical systems. In the basic
fundamental work [43], the concept of construction of formal
models of human-computer system, relying on a number of spe-
cial component and morphological structures, was developed.

Such systems models were previously constructed for
automated technological complexes, meant for different pur-
poses. Specific character of e-learning requires construction
of new models, oriented to given subject area (based of the
known theoretical and methodological results [43]).

Thus, the problem lies in formation of a set of systems of
e-learning models, aimed at the solution of a series of prob-
lems of ergonomic provision of human-computer interaction
processes in the information educational environment of an
institute of higher education) (enterprise).

3. The aim and tasks of the study

The purpose of present work is development of a complex
of formal mathematical models, which provide description
of e-learning as a system “human-technology-environment”



form the standpoint of the sys-
tems-ergonomic analysis. Such
models are necessary for the for-
mation of bases of theoretical
and methodological provision of
technologies for creation and im-
plementation of data and knowl-
edge bases, used for solving the
problems of provision of e-learn-
ing ergonomic quality.

To achieve the set goal, the
following tasks are to be solved:

—to form the structure of a
complex of models of systems er-
gonomic analysis of e-learning as
a system “human-technology-en-
vironment”;

—to develop structures for
component models, which de-
scribe the necessary entities of
e-learning as a system “human-
technology-environment;

—to develop structures for
morphological models, which de-
scribe connections of different
nature between the entities, de-
scribed by the component models;

—to substantiate the expe-
diency of using the developed
models in e-learning.

4. Development of a complex of
models of ergonomic analysis
systems

4. 1. Formation of a set of
necessary models

An analysis of information
about the system, necessary for
optimization of the dialogue in-
teraction, enables us to make a
conclusion that this information
may be assigned with the help of
two classes of structures: com-
ponent and morphological. We
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Fig. 1. Structure of complex of models of systems ergonomic analysis

introduce component structures to reveal the entities, nec-
essary for describing the system while solving the optimi-
zation problem of dialogue interaction, and morphological
structures to assign connections of different nature between
the revealed essences [43]. A set of actual e-learning, as well
as contemporary literary sources, were analyzed. This made
it possible to form a complex of models of systems ergonomic
analysis of MMS, which may be assigned by the scheme
shown in Fig.1 and described by structural formula (1).

MMS=<EE,OT,PO,MODUL,KPKT,SPF,SVP,
SVES,SGOT,SMT,EREM,KvPEE,KvNpEE,
KvOT,KvPKT,KvPT,MKvHEE ,MFSEE,
MKvMODUL,MKvMOD,ProgPPR,MDV,MUT >. (1)

Further, we will determine the structures of all necessary
models.

4. 2. Development of structures of component models

Component model of ergatic elements (EE). The model
assigns a unique identifier to each human operator who
works in the system (we further call it EE).

EE =< {INStud;FioStud,}|i e{1,2,..,KEE} >, 2)
where INStud; is the identifier of the i-th EE; FioStud; is
the first name, the second name and surname of the i-th EE;
KEE is the number of EE.

Component model of implements of labor. It describes the
components of software, technical support, and means of
communication, used while working in the system

OT=<SW,TO,SK >, (3)

where SW is the model of software:



SW =< {idSW,,NameSW,,NasnSW,, TipSW, }[i =1,2,...;

idSW; is the identifier of i-th software; NameSW; is the
name of the i-th software; TipSWi is the purpose of the i-th
software; TipSWi is the type of the i-th software; TO is the
model of technical support:

TO=<{idTO,,NameTO,, TipTO }|i=1,2....>,

where idTO; is the identifier of the i-th technical support;
NameTOj is the title of the i-th technical support; TipTO;
is the type of the i-th technical support; SK is the model of
means of communication:

SK =<{idSK;,NameSK,, TipNet }[i =1,2,...>,

where idSK; is the identifier of the i-th means of communi-
cation; NameSK; is the title of the i-th means of communica-
tion; TipNet; is the type of the i-th means of communication.
Component model of subject area. The model determines
the enumeration of learning themes for each subject area:

MPO =<{Po, {tema,}|je{1,2,...KT}[ie{1,2,...KPO}>, (4)

where PO; is the subject area; temay; is the j-th theme of the
i-th subject area; KT;is the number of themes of the i-th sub-
ject area; KPO is the number of subject areas.

Component model of elements of module. 1t describes the
structure of educational module.

MODUL=<{idmod,,{PO,,{tema,;}

lie{1.2...KT,}|k e{1,2,...KPO},{PMod,,

{Srmod,, }|ne{1,2,...KSr,},{Sdmod, }

|z €{1,2,..,KSd,},Pr ukil}|l e {1,2,...,KPm0di} > 5)

where idmod; is the identification of the i-th module;
POy is the k-th subject area; temay;is the j-th theme of
the k-th subject area; KTy is the number of themes of
the k-th subject area; PMod; is the first sub-module of
the i-th module; Srmod;), is the n-th self-control of the
first sub-module of the i-th module; KSrj is the number
of variants of self-control of the first sub-module of the
i-th module; Sdmod;j is the z-th means of “finishing” of
additional learning (in terms of [43] — “finishing”) of the
first sub-module of the i-th module; KSd;; is the number
of means of “additional learning” of the first sub-module
of the i-th module; KPmod;is the number of sub-modules
of the i-th module; Pruk; is a sign of existence of means
of controlling the quality level (provides a possibility of
changing learning technologies depending on the current
level of the learning quality) of the first sub-module of the
i-th module, Pruk; {0,1}.

Component model of products of labor. It gives enumer-
ation of knowledge and skills on the themes of subject area.

KPKT =<{PO,,{temay;, Zn,;,Um,}
lie{t2,.. KT }|ke{12,. KPO}>, (6)

where POy s the k-th subject area; temayjis the j-th theme of
the k-th subject area; Zny is the knowledge on the j-th theme
of the k-th subject are; Umy;are the skills on the j-th theme of
the k-th subject area; KTy is the number of themes of the k-th
subject area; KPO is the number of subject areas.

Component model of means of defining psycho-physio-
logical characteristics of EE (PPCEE). The model describes
the set of means for defining psycho-physiological charac-
teristics. It establishes a link between a psycho-physiological
characteristic and the means, defining it.

SPF =< {INSpf;, NameSpf,, {PSpf; }
lie{t,2,...KPS }|ie{1,2,...KPF}>, )

where INSpf; is the identifier of the i-th means of defining
PPCEE; NameSpf; is the name of the i-th means of defin-
ing PPCEE; PSpfj is the j-th indicator of the i-th PPCEE;
PSpf;je PFH; KPS; is the number of all indicators of PPCEE;
KPF is the number of means of defining PPCEE.

Component model of means of revealing preferences of
EE. The model describes the means for revealing preferences
and indicators of EE and preference indicators of the EE,
revealed by this means.

SVP =<{INSvp;,NameVp,,{PSvp,}
lie{t,2...KPVP}|ie{1,2,...KVP}>, ®)

where INSVp; is the identifier of the i-th means of revealing
the EE preferences; NameVp; is the name of the i-th means of
revealing the EE preferences; PSvp; is the j-th indicator for
the i-th means, PSvp;;e PMOD; KPVP; is the number of all
indicators of the EE preferences, revealed by the i-th means;
KVP is the number of means of revealing the EE preferences.

Component model of means of revealing functional state
of EE. The model gives enumeration of means for defining a
functional state of EE.

SVFS =< {INSfs;,NameSfs, |i € {1,2,..., KSFS} >, )

where INSfs; is the identifier of the i-th means of revealing
the functional state of EE; NameSfs; is the name of the
i-th means of revealing the functional state of EE.
Component model of means of revealing the level of pro-
Jessional readiness of EE. The model gives enumeration of
means for revealing the level of professional readiness of EE.

SGOT =<{INSgot,,NameSgot,,InUgot,

lie{1,2,...KGOT}>, 10)
where INSgot; is the identifier of the i-th means of reveal-
ing professional readiness to learning; NameSgot; is the
name of the i-th means of revealing professional readiness
to learning; InUgot; is the integral level of professional
readiness to learning, revealed by the i-th means; KGOT
is the number of means of revealing professional readiness
to learning.

Component model of the means of revealing motivation
levels. The model gives enumeration of means for revealing
motivation levels of EE.

SMT =<{INSmt;, NameSmt,,{PSmt}

lie{t,2,..KPMT}|ie{1,2,...KMT} >, ¢5))
where INSmt; is the identifier of the i-th means of defining
motivation of EE; NameSmt; is the name of the i-th means of
defining motivation of EE; PSmt;; is the j-th indicator for the
i-th means, PSmt;eMMT; KPMT; is the number of all indi-
cators of motivation for the i-th means; KMT is the number
of means of defining the motivation level of EE.



Component-qualitative model of pragmatic indicators
of EE. The model defines probability-temporal indicators of
quality of performing the learning process of EE.

KvPEE =< {B,Mt, Dt} >, 12)
where B is the probability of successful completion of the
learning process; M is the mathematical expectation of time
of the learning process fulfillment; Dy is the dispersion of
time of the learning process fulfillment.

Component-qualitative model of non-pragmatic indi-
cators of EE. The model defines the composition of the EE
characteristics, which are revealed for defining individual
preferences, psycho-physiological characteristics, functional
state, motivation and level of readiness for learning.

KvNpEE =< {PMOD, PFH, {PFS, VPfs},

{(MMT,VMmt},{InUGot, VUGot}} >, (13)
where PMOD is the set of characteristics of preferable mo-
dalities of the EE; PFH is the set of psycho-physiological
characteristics of the EE; PFS is the indicator of functional
state; VPfs is the range of values of functional state; MMT
is the level of the EE motivations; VMmt is the range of
values of motivation level; InUGot is the integral level of
professional readiness for learning of EE; VUGot is the
range of values of the level of professional readiness for
learning of EE.

The set of characteristics of preferable modalities of the
EE are determined by formula:

PMOD =<{Pmod,VPmod }|je{1,23,4}>,

where Pmod; is the name of the j-th characteristic of prefera-
ble modalities of EE; VPmodj is the range of values of the j-th
characteristic of preferable modalities of the EE.

The set of psycho-physiological characteristics of the EE
is determined by formula:

PFH =<{Npfh,, Vpfh }|je{1,2..Kpth}>,

where Npfh; is the name of the j-th psycho-physiological char-
acteristic of the EE; Vpfh; is the range of values of the j-th psy-
cho-physiological characteristic of the EE; Kpfh is the number
of psycho-physiological characteristics of the EE.

Component-qualitative model of implements of labor.
The model describes the characteristics of implements of
labor, used in the system

KvOT =<{idOt;,NameOt,, TipOt,,{Pk
lie{t,2,..KPK }|ie{1,2,...KOT} >,

Val,}

ij?

(14)

where idOt; is the identifier of the i-th implement of labor;
NameOt; is the name of the i-th implement of labor; TipOt;
is the type of the i-th implement of labor; Pkj is the j-th
characteristic (quality indicator of the i-th implement of
labor); Valyj is the value of the j-th characteristic of the i-th
implement of labor; KPK; is the number of all quality indi-
cators of the i-th implement of labor; KOT is the number of
implements of labor.

Component-qualitative model of products of labor. The
model determines the set of probability-temporal indicators
of products of labor. Students’ knowledge and skills on the
themes of a subject area are assessed by these indicators

KvPKT=
=<{prob,}|i€{1,2,3,4,5,6},{{Mtk,;, VMtk, },{Dtk,, VDtk,}
lie{1,2,.KT }}|ke{1,2,.KPO}>,

(15)

where prob; is the name of the i-th probability indicator
(prob;="probability of successful completion of test control”,
proby="probability of successful completion of test con-
trol with the grade “excellent”, etc.); Mtkyj is the indicator
“mathematical expectation of time of successful completion
of test control” on the i-th theme of the k-th subject area;
VMtky; is the range of permissible values of indicator Mtkyg;
Dtk is the indicator “dispersion of time of successful com-
pletion of test control” on the j-th theme of the k-th subject
area; VDtky is the range of permissible values of the indi-
cator; KTy is the number of themes on the k-th subject area;
KPO is the number of subject areas.

Component-qualitative model of electronic modules. The
model defines the composition of quality indicators of learn-
ing modules, used for conducting the ergonomic assessment.

KvPT =<PX,PY,PZ,PV,MODAL,IPEK >, (16)
where PX is the set of assessment of interface and navigation
parameters (indicators of convenience of working with the
keyboard and the mouse, intuitive clearness of navigation,
convenience of working with table of contents; PY is the set
of evaluated parameters of slides quality (quantity of mate-
rial on a slide, uniformity of slides layout); PZ is the set of
evaluated text parameters (readability of a text, observance
of layout logic); PV is the set of the evaluated parameters of
visual environment (observance of proportions, color lay-
out, arrangement); PMK is the set of evaluated multimedia
components (validity of application, correspondence to the
text material, quality of execution); MODAL is the set of
evaluated parameters of information modality (degree of
presence of a text component, an audio component, a graphic
component, a video component); IPEK is the integral indica-
tor of the module quality (“does not meet the requirements”,
“finishing is necessary”, “meets requirements”).

PX =<{px,, Valpx,}|i€{1,2,3}>,

PY =<{py,, Valpy }|ie{1,2}>,

PZ=<{pz, Valpz}|ie{l,2}>,

where px; is the name of indicators of the interface as-
sessment; Valpx; is the range of permissible values of the
interface assessment; py; is the name of the indicators of
assessment of the slide parameters; Valpy; is the range of
permissible values of indicators of assessment of the slide
parameters; pz; is the name of indicators of text assessment;
Valpz; is the range of permissible values of indicators of text
assessment.

PV =<{pv,, Valpv }[ie{1,2,3}>,

PMK =< {pm,, Valpm }|i €{1,2,3}>,
where pvi is the name of visual assessment parameters;
Valpvi is the range of permissible values of indicators of

assessment of the visual environment; pm; is the name of
indicators of multimedia components assessment; Valpm; is



the range of permissible values of indicators of multimedia
components assessment.

MODAL =< {modi,Valmodi}h e{1,2,3,4}>,

where mod; is the name of information modality assessment;
Valmod; is the range of permissible values of information
modality assessment.

IPEK is the integral indicator of ergonomic quality,
IPEKE{ey, e, 3}, e1="corresponds”, eo="finishing”, e3="does
not correspond”.

4. 3. Development of structures of morphological models

Morphological-qualitative model of psycho-physiological
properties of ergatic elements. It contains the values of pa-
rameters of psycho-physiological properties of the EE.

MKvHEE =< {idStud,, PFH,,PMOD} >, A7)
where idStud; is the identifier of the i-th EE; PFH;is the set
of psycho-physiological characteristics of the i-th EE.

PFH, =<FPNS,VNS,SVL,DV,SPO, TNS,
SLM, TM,SVG,SVT,NR,TNS,UT >,

where FPNS is the level of functional mobility of nervous
system; VNS is endurance of nervous system; SVI is the
ability of information perception; DV is the dynamic at-
tention; SPO is the capability of three-dimensional oper-
ations; TNS is the type of higher nervous activity; SLM is
the capability of logical thinking; TM is the temperament;
SVG is the capability of perception of graphic information;
SV T is the capability of perception of text information; NR
is neuroticism; TNS is the type of nervous system; UT is
the fatigue rate.

PMOD; is the set of characteristics of preferable modal-
ities of the EE:

PMOD, =< MOD,,MOD,,MOD,,MOD, >,

where MOD) is the value of the parameter, which describes
the verbal component; MOD, is the value of the parameter,
which describes the audio component; MOD3 is the value
of the parameter, which describes the visual component;
MODy is the value of the parameter, which describes the
kinesthetic component.

Morphological model of functional states of the EE.

MFSEE =< {idStud ;{PFS; T,}|j= {1,2,...KMV}>, (18)

ij?
where T;€Tio, Tio is the set of time moments of mea-
suring functional states of the i-th EE. PFS; is the
functional state of the i-th EE at time moment Tj,
PFS;e{“permissible”, “non-permissible”, “indefinite”}.

Morphological-qualitative model of electronic
learning module. The model contains the values of
the results of ergonomic assessment of learning mod-
ule quality.

MKvMODUL =< idMod;{POk;{temakj}h €{1,2,..,.KT,};

{px}fi= {123} {py }fi={1.25:{pz,) i = {1, 2){pv,}[i = {1,2,3); (pm, };

{mod }|i=1{1,2,3,4%e,[i{1,2,3}} >,

where idMod is the identifier of a module; POy, is the k-th
subject area; temay; is the j-th theme of the k-th subject area;
px; is the i-th indicator of the interface assessment; py; is the
i-th indicator of assessment of slide’s parameters; pz; is the
i-th indicator of test assessment; pv; is the i-th indicator of
assessment of visual environment; mod; is the i-th indica-
tor of information modality; e; is the result of assessment
(resolution on correspondence of a module to ergonomic
requirements).

For example, indicators of interface assessment may be:

— pxy is the indicator of convenience of working with a
keyboard and a mouse;

— pxy is the indicator of intuitive navigation clarity;

— px3 is the convenience of working with the table of
contents.

Indicators of quality of slides may be:

— pyy is the amount of material on a slide;

— py2 is the uniformity of slides layout.

Morphological-qualitative model of elements of module.
It reflects the values of parameters of the elements of module
and their probability-temporal quality characteristics.

MKvMOD =< idMODi;{POk;{temakj}
lie{1,2,...KPO},{Pmod, ;Ur;;MM,;DM,;
{Srmod,,,,K11,,,K00,, ,MS, DS, }|ne{l,2,...KSr,}>, (20)

iln? iln? iln?

iln?

where idMOD; is the identifier of the i-th learning module;
POy is the k-th subject area; temay; is the j-th theme of
the k-th subject area; KPO is the number of subject areas;
Pmod;; is th first sub-module of the i-th module; Ur;; is the
number of complexity levels of the first sub-module; MM
is mathematical expectation of fulfillment time of the first
sub-module of the i-th module; DM;; is the dispersion of
fulfillment time of the first sub-module of the i-th module;
Srmodj}, is the n-th self-control of the first sub-module of
the i-th module; K11;, is the possibility of detecting an
error by the n-th self control of the first sub-module of the
i-th module; K00;;, is the possibility of not detecting an
error by the n-th self control of the first sub-module of the
i-th module; MS;j, is the mathematical expectation of fulfill-
ment time of the n-th self control of the first sub-module of
the i-th module; DS;y, is the dispersion of fulfillment time of
the n-th self control of the first sub-module of the i-th mod-
ule; KSr;; is the number of self-controls of the first sub-mod-
ule of the i-th module.

Morphological model of predicted values of pragmatic
indicators of realization of elements of module. Tt deter-
mines the values of predicted probability-temporal quality
indicators of realization by ergatic elements of the module’s
structural elements.

ProgPPR =<idStud;{PO,;{tema,;{idmod,;{pmod,;,;
{B;M;D; THn € {1,2,.... kpmod,}}
|1 e{1,2,..kmod,}}|je 1,2, KT, }}k e {1,2,. KPO}fi € {1,2,...KEE} >, (21)

where idStud; is the identifier of the i-th EE; POy
is the k-th subject area; temay is the j-th theme of
the k-th subject area; idmody; is the identification
of the first module on the j-th theme of the k-th
subject area; pmodyj, is the n-th sub-module of

(19) the first module on the j-th theme of the k-th sub-



ject area; B is the probability of successful completion of the
learning process by the i-th EE of the n-th sub-module of the
first module on the j-th theme of the k-th subject area; M is the
mathematical expectation of fulfillment time by the i-th EE of
the n-th sub-module of the first module on the j-th theme of
the k-th subject area; D is the dispersion of fulfillment time
by the i-th EE of the n-th sub-module of the first module on
the j-th theme of the k-th subject area; T is the time moment
of defining the current functional state of the i-th EE in the
process of learning the n-th sub-module of the first module on
the j-th theme of the k-th subject area; kpmody; is the number
of sub-modules for the first module on the j-th theme of the
k-th subject area; kmody is the number of modules on the j-th
theme of the k-th subject area; KPO is the number of subject
areas; KEE is the number of ergatic elements.

Morphological model of dialogue interaction technologies
at realization of electronic sub-module. The model describes
the standard algorithms of electronic sub-modules realiza-
tion, determined by the component model of the elements
of a module MODUL. There may be several options of di-
alogue interaction in the course of electronic sub-module
realization. The model is assigned as the formal model of the
functional network [43]:

MDV =<{Pmod,;

{Var,,Mfs, }| j=1,2,..nv, }|1=1,2,...KPmod, >, (22)
where PModjjis the first sub-module of the i-th module; KP-
mod; is the number of sub-modules of the i-th module; Varj;
is the j-th variant of technology of dialogue interaction in the
course of realization of electronic sub-module PMod;j; Mfs;j;
is the j-th formal model of the functional network (in terms

Recommended
*+— learning scenario

of [43]) of the algorithm of interaction in the course of reali-
zation of electronic sub-module PMod;j; nv;; is the number of
variants of technology of dialogue interaction in the course
of realization of the electronic sub-module PMod;;.

Morphological model of working conditions. 1t reflects for
each work site the values of the ergatic element of health and
hygiene and psycho-physiological factors influencing the
working conditions:

MUT =< {RM;KT;IBO;;
{TFak;NFak ;ZFak }|j=12..nf}|i=12,..K, >,

ij?

i (23)
where RM; is the identification of the i-th working place; KT;
is the category of complexity for working site RM;; I1BO; is
the integral point assessment for work site RM;; Nf; is the
number of influencing factors for work site RM;; TFak;; is the
type of the j-th influencing factor for work site RMj; NFak;
is the name of the j-th influencing factor for work site RM;;
ZFak;; is the value of the j-th influencing factor for work site
RM;; Ky is the number of work sites of a system.

4. 4. Using a complex of models of systems ergonomic
analysis of e-learning

Component and morphological models of e-learning de-
termine the concept of construction of data and knowledge
bases of the learning control system and, therefore, provide:

— formation of source models for passportization of all el-
ements of the human-computer system, including ergonomic
evaluation of electronic learning modules;

— introduction of models of a learner, environment, object
of labor, implements of labor and expected labor product, used
by the program set “Agent-manager for e-learning” (Fig. 2).

—

i}

*  Generation of learning
Identification of technology Choice of rational
learner - learning technology
l A
Keeping records of model Dispatcher r 1
of learner and environment
! !

Definition of a ) Formation of source l Keeping records of
leam.elr’s data model of current
coguitive l state of dialogue

preferences Prediction of [+
] learning ¢
Determining the outcomes
base learning
platform (module)

Recommended
module

Fig. 2. Basic functional blocks and principle of functioning of agent-manager for e-learning



An analysis of effectiveness is predetermined by the
very technology of systems analysis, which provides data
collection about all sessions of human-computer interaction
in e-learning.

The use of the developed with the use of a concept of
systems analysis of different elements of information support
was studied throughout 1998-2016. This study was carried
out within the framework of complex informatization [41]
at more than 10 institutes of higher education of Russia and
Ukraine (Kremenchug, Sumy, Vinnitsa, Kharkov, Belgorod,
Moscow and others) and confirmed the constructiveness of
the approach.

A comprehensive study of effectiveness was carried out
within the framework of using a program set [44] for disci-
plines:

— “Artificial intelligence” [44, 45] at Sumy State Uni-
versity;

— “Information systems in management” at Sumy Na-
tional Agrarian University in 2015-2017.

The use of agent-manager technology, based on the data
and knowledge bases, formed with the use of the described
approach, allowed us:

— to decrease probability of refusal from working session
in e-learning from 0.271 (without using the system) to 0.093
(using the system);

—to increase the probability of successful completion
of the session with the expected level of the evaluation of
knowledge and skills from 0.707 to 0.901.

6. Discussion of the results of studying the task
on formalized description of modular e-learning to
provide for the ergonomic quality of human-computer
interaction

The developed models make it possible to solve the
problem of information provision of processes of ergonomic
support of effectiveness of human-computer interaction in
e-learning. The following processes are provided:

— formation of databases of electronic modules (formati-
on of content), which meet ergonomic standards and requi-
rements;

— operative control of a session of dialogue interaction
in e-learning taking into account specific features of human
operator (psycho-physiological, motivational, functional
state and others), parameters of software and hardware
means and the state of environment.

The proposed complex of models cannot claim to be com-
prehensive. It is obvious that there is a theoretical possibility
of existence of “disregarded” types of systems with their
specific features and emerging a new complex of problems of
ergonomic provision, not considered earlier.

Moreover, the authors intentionally did not present
already existing models, because the volume of material is
limited. However, the developed methodology may be the
theoretical basis for expansion, modification and upgrading
the library of models.

In this case, this provides the possibility of:

—selection of optimum modality, which provides the
maximum cognitive comfort;

— analysis of alternatives variants of operators’ activity
with electronic modules (complexity, dialogue organization,
self-control technology and others), as well as their individ-
ual characteristics.

The possible limitations of the approach include relative-
ly large labor intensity. Studies are useful only if preliminary
work on “passportization” of electronic modules, software
and hardware support of e-learning were performed, as well
as all the necessary forms of testing and revealing preferenc-
es of learners.

Studies may be used for e-learning systems of modular
type, employed at different institutions (schools, institutes
of higher education, enterprises and others), in which rely on
technology of common information space with the possibil-
ity of keeping the correspondent data bases. Results may be
useful in contemporary distributed educational environment
with the use of mobile devices, as well as when designing and
providing “online” and “blended” learning technologies.

In future, the development of method is planned in di-
rection of propagation of results on the e-learning systems of
generating type. In such systems, there are no preliminarily
formed modules, and alternative dialogue scenarios are
formed in the process of learning by applying procedures of
logical conclusion and methods of artificial intelligence.

7. Conclusions

1. We proposed the method of formal description of
e-learning as a system “human-technology-environment”,
which provides ergonomic engineers, developers and man-
agers of e-learning with unambiguously treated means of
presentation of data and knowledge about the elements of the
system and connections between them.

For the formalization, a concept of systems ergonomic
analysis of the functional-structural theory of ergotechnical
systems was used.

The authors formed the structure of the complex of mod-
els of systems ergonomic analysis of e-learning as a system
“human-technology-environment”.

A characteristic difference of the proposed methods from
the previously developed approaches is the application of
technology of systems ergonomic analysis to a new class of
objects — e-learning with specific instruments, the object
and the product of labor. In this case, characteristic features
of a human operator as a learner, as well as contemporary
technologies of constructing electronic learning modules
and means of content delivery were taken into consideration.

2. The structures for component models, which describe
the necessary entities of e-learning as a system “human-tech-
nology-environment”, were developed. Their special feature
is the existence of new models of means of e-learning ergo-
nomic quality provision and models of description of e-learn-
ing specific components (ergatic elements, implements of
labor, objects of labor, means of labor, composition of indi-
cators for ergonomic design), which had not been previously
described.

3. The structures for morphological models, which de-
scribe connections of different nature between the entities,
described by component models, were developed. Their
specific feature is the existence of required (fundamentally
new) models, which describe states and dialogue interaction
of ergatic and non-ergatic elements, which make it possible
to form predicted values of the learning process quality.

4. Expediency of using the developed models in e-learn-
ing was substantiated and a method for using the developed
formal models to construct the systems of ergonomic quality
of e-learning was described. Practical significance is in the



fact that, based on the proposed formalisms, it is convenient — ergonomic quality of the content;
to construct the information support systems of e-learning, — multilevel adaptation to the requirements of users and
oriented towards: special features of the environment.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

References

Blaschke, L. M. Heutagogy and lifelong learning: A review of heutagogical practice and self-determined learning [Text] /
L. M. Blaschke // The International Review of Research in Open and Distributed Learning. — 2012. — Vol. 13, Issue 1. — P. 56.
doi: 10.19173/irrodl.v13i1.1076

Allen, I. E. Grade level: Tracking online education in the United States [Text] / I. E. Allen, J. Seaman. — Babson Survey Research
Group and Quahog Research Group, 2015. — 66 p. — Available at: http://www.onlinelearningsurvey.com/reports/gradelevel.pdf
Joshua, D. E-Learning platform system for the department of library and information science, Modibbo Adama University of Tech-
nology, Yola: A Developmental plan [Text] / D. Joshua // Information Impact: Journal of Information and Knowledge Manage-
ment. — 2016. — Vol. 7, Issue 1. — P. 51-69.

Cochrane, T. iPadagogy: Appropriating the iPad within pedagogical contexts [Text] / T. Cochrane, V. Narayan, J. Oldfield // Inter-
national Journal of Mobile Learning and Organisation. — 2013. — Vol. 7, Issue 1. — P. 48. doi: 10.1504/ijml0.2013.051573

Pereira, O. R. E. Survey and analysis of current mobile learning applications and technologies [Text] / O. R. E. Pereira, J. J. P. C. Ro-
drigues // ACM Computing Surveys. — 2013. — Vol. 46, Issue 2. — P. 35. doi: 10.1145,/2543581.2543594

Al-Qahtani, A. A. Y. Effects of traditional, blended and e-learning on students’ achievement in higher education [Text] / A. A. Y. Al-
Qahtani, S. E. Higgins // Journal of Computer Assisted Learning. — 2012. — Vol. 29, Issue 3. — P. 220-234. doi: 10.1111/j.1365-
2729.2012.00490.x

Semingson, P. Microlearning as a tool to engage students in online and blended learning [Text] / P. Semingson, M. Crosslin, J. Del-
linger // Society for Information Technology & Teacher Education International Conference. — 2015. — P. 474—479.

Jandric, P. Critical e-learning: Struggle for power and meaning in the network society [Text] / P. Jandric, D. Boras // The Poly-
technic of Zagreb. — 2012.

Critical Learning in Digital Networks, Research in Networked Learning [Text] / P. Jandric, D. Boras (Eds.). — Springer Internation-
al Publishing Switzerland, 2015. — 241 p. doi: 10.1007/978-3-319-13752-0

Cochrane, T. Secrets of mlearning failures: confronting reality [Text] / T. Cochrane // Research in Learning Technology. — 2012. —
Vol. 20. — P. 19186. v

Etelson, E. Is modern technology killing us? [Electronic resource] / E. Etelson // Truthout. — 2014. — Available at: http://
www.truth-out.org/opinion/item/26295-is-modern-technology-Kkilling-us

Rothmorea, P. The implementation of ergonomics advice and the stage of change approach [Text] / P. Rothmorea, P. Aylwardb,
J. Karnon // Applied Ergonomics. — 2015. — Vol. 51. — P. 370-376. doi: 10.1016 /j.apergo.2015.06.013

Cacciabue, P. C. Human error risk management for engineering systems: a methodology for design, safety assessment, accident inves-
tigation and training [Text] / P. C. Cacciabue // Reliability Engineering & System Safety. — 2004. — Vol. 83, Issue 2. — P. 229-240.
doi: 10.1016/j.ress.2003.09.013

Anohin, A. N. Otechestvennaya ehrgonomika i ehrgonomicheskoe soobshchestvo: sostoyanie i napravleniya razvitiya [Text] /
A.N. Anohin // Chelovecheskij faktor: problemy psihologii i ehrgonomiki. — 2014. — Issue 1 (68). — P. 4—15.

Dul, J. A strategy for human factors/ergonomics: developing the discipline and profession [Text] / J. Dul, R. Bruder, P. Buckle,
P. Carayon, P. Falzon, W. S. Marras et. al. // Ergonomics. — 2012. — Vol. 55, Issue 4. — P. 377-395. doi: 10.1080,/00140139.2012.661087
Bentley, T. A. The role of organisational support in teleworker wellbeing: A socio-technical systems approach [Text] / T. A. Bent-
ley, S. T. T. Teo, L. McLeod, F. Tana, R. Bosua, M. Gloet // Applied Ergonomics. — 2016. — Vol. 52. — P. 207-215. doi: 10.1016/
j.apergo.2015.07.019

De Felice, F. Methodological Approach for Performing Human Reliability and Error Analysis in Railway Transportation System
[Text] / E De Felice, A. Petrillo // International Journal of Engineering and Technology. — 2011. — Vol. 3, Issue 5. — P. 341-353.
Anokhin, A. Evaluation of ecological interface design for supporting cognitive activity of nuclear plant operators [Text] / A. An-
okhin, A. Ivkin // In Proc. of the International Conference in Applied Human Factors and Ergonomics 2014 and the Affiliated
Conferences. — 2014. — P. 260-270.

Haji Hosseini, A. R. Factors influencing human errors during work permit issuance by the electric power transmission network
operators [Text] / A. R. Haji Hosseini, M. J. Jafari, Y. Mehrabi, G. H. Halwani, A. Ahmadi // Indian Journal of Science and Tech-
nology. — 2012. — Vol. 5, Issue 8. — P. 3169-3242.

Wang, Y. Stress, Burnout, and Job Satisfaction: Case of Police Force in China [Text] /Y. Wang, L. Zheng, T. Hu, Q. Zheng // Public
Personnel Management. — 2014. — Vol. 43, Issue 3. — P. 325-339. doi: 10.1177,/0091026014535179

Anokhin, A. Education and professional development of ergonomists in Russia [Text] / A. Anokhin, I. Gorodetskiy, V. Lvov,
P. Paderno // In Proc. of International Conference in Applied Human Factors and Ergonomics 2014 and the Affiliated Conferen-
ces. — 2014. — P. 1017-1024.

Lavrov, E. Automated analysis of ergonomic measures in discrete control systems [Text] / E. Lavrov, N. Pasko, A. Krivodub // Eastern-
European Journal of Enterprise Technologies. — 2015. — Vol. 4, Issue 3 (76). — P. 16-22. doi: 10.15587/1729-4061.2015.48050



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Sriyogi, K. An Ergonomic Evaluation of Work Place in Steel and Power Industry — A Case Study [Text] / K. Sriyogi // SSRN
Electronic Journal. — 2014. doi: 10.2139/ssrn.2431575

Tortorella, G. L. Lean manufacturing implementation: an assessment method with regards to socio-technical and ergonomics prac-
tices adoption [Text] / G. L. Tortorella, L. G. L. Vergara, E. P. Ferreira // The International Journal of Advanced Manufacturing
Technology. — 2016. — Vol. 89, Issue 9-12. — P. 3407-3418. doi: 10.1007/s00170-016-9227-7

Grif, M. G. Methods of desingning and modeling of man—machine systems [Text] / M. G. Grif, O. Sundui, E. B. Tsoy // In Proc. of
International Summer workshop Computer Science 2014. — 2014. — P. 38—40.

Lavrov, E. Mathematical models for the distribution of functions between the operators of the computer-integrated flexible man-
ufacturing systems [Text] / E. Lavrov, N. Pasko, A. Krivodub, A. Tolbatov // 2016 13th International Conference on Modern
Problems of Radio Engineering, Telecommunications and Computer Science (TCSET). — 2016. doi: 10.1109 /tcset.2016.7451974
Lavrov, E. Ergonomics of IT outsourcing. Development of a mathematical model to distribute functions among operators | Text] /
E. Lavrov, N. Pasko, A. Krivodub, N. Barchenko, V. Kontsevich // Eastern-European Journal of Enterprise Technologies. — 2016. —
Vol. 2, Issue 4 (80). — P. 32—40. doi: 10.15587/1729-4061.2016.66021

Lyubchak, V. Ergonomic support of man-machine interaction. Approach to designing of operators’ group activities [Text] / V. Lyub-
chak, E. Lavrov, N. Pasko // International Journal of Bio-Medical Soft Computing and Human Sciences. — 2011. — Vol. 17,
Issue 2. — P. 53-58.

Havlikovaa, M. Human Reliability in Man-Machine Systems [Text] / M. Havlikovaa, M. Jirglb, Z. Bradac // Procedia Engineer-
ing. — 2015. — Vol. 100. — P. 1207—1214. doi: 10.1016/j.proeng.2015.01.485

Moravcikova, J. The Possibilities Of Exploitation Of E-Learning In Technology-Oriented Courses [Text] / J. Moravcikova //
DAAAM Proceedings. — 2016. — P. 0136—0141. doi: 10.2507 /27th.daaam.proceedings.020

Pechnikov, A. N. Proektirovanie i primenenie komp’yuternyh tekhnologij ob ucheniya [Text] / A. N. Pechnikov, A. N. Shikov. —
Sankt-Peterburg: VVM, 2014. — 393 p.

Pechnikov, A. N. Ehrgonomicheskij podhod k resheniyu problem e-didaktiki [ Text] / A. N. Pechnikov, A. N. Shikov, E. E. Kotova //
Biotekhnosfera. — 2015. — Issue 1 (37). — P. 52—61.

Osin, A. V. Otkrytye obrazovatel'nye modul'nye mul’timedia sistemy [Text] / A. V. Osin. — Moscow: Izdatel’skij servis, 2010. —
328 p.

Lavrov, E. A. Podhod k obespecheniyu ehrgonomicheskogo kachestva informacionnoj sredy vuza [ Text]: Mezhdunar. nauch.-prakt.
konf. / E. A. Lavrov // Psihologiya truda, inzhenernaya psihologiya i ehrgonomika 2014. — Sankt-Peterburg, 2014. — P. 70-76.
Ha, J. S. A Human-machine Interface Evaluation Method Based on Balancing Principles [Text] / J. S. Ha // Procedia Engineer-
ing. — 2014. — Vol. 69. — P. 13-19. doi: 10.1016/j.proeng.2014.02.197

Burov, O. Combination of Usability Evaluation of E-Learning Tools and Ergonomic Expertise [Text] / O. Burov, O. Tsarik // Pro-
ceedings of National Aviation University. — 2014. — Vol. 59, Issue 2. doi: 10.18372,/2306-1472.59.6877

Burov, O. Ergonomic evaluation of e-learning systems [ Text] / O. Burov, O. Tsarik // Presented at Zastosowania Ergonomii. — Po-
land, 2013.

Lavrov, E. Organizational Approach to the Ergonomic Examination of E-Learning Modules [Text] / E. Lavrov, O. Kupenko,
T. Lavryk, N. Barchenko // Informatics in Education. — 2013. — Vol. 12, Issue 1. — P. 107—124.

Lavrov, E. A. Mnogourovnevaya adaptaciya v universitetskih obuchayushchih sredah [Text]: IX Vseros. nauch.-prakt. konf. /
E. A. Lavrov, N. L. Barchenko // Nauchno-obrazovatel'naya informacionnaya sreda XXI veka. — Petrozavodsk: Petrozavodskij
gosudarstvennyj universitet, 2015. — P. 118-122.

Lavrov, E. A. Agent-menedzher v sisteme ehrgonomicheskogo obespecheniya ehlektronnogo obucheniya [Text] / E. A. Lavrov,
N. L. Barchenko // Bionika intellekta. — 2013. — Issue 2 (81). — P. 115-120.

Lavrov, E. A. Komp’yuterizaciya upravleniya vuzom [Text] / E. A. Lavrov, A. V. Klimenko. — Sumy: DovKkillya, 2005. — 302 p.
Ashraf, A. Handling Big Data in E-Learning [Text] / A. Ashraf, H. El-Bakry, S. M. Abd El-razek, Y. EI-Mashad // International
Journal of Advanced Research in Computer Science & Technology. — 2015. — Vol. 3, Issue 1. — P. 47-51.

Adamenko, A. N. Informacionno-upravlyayushchie cheloveko-mashinnye sistemy: Issledovanie, proektirovanie, ispytaniya [Text]:
spravochnik / A. N. Adamenko, A. T. Asherov, 1. L. Berdnikov et. al.; A. I. Gubinskiy, V. G. Evgrafov (Eds.). — Moscow: Mashinos-
troenie, 1993. — 528 p.

Lavrov, E. A. Realizaciya tekhnologii programmnogo agenta-menedzhera pri izuchenii discipliny «iskusstvennyj intellekt» [Text]:
mat. IT Vseros. nauch.-prakt. konf. / E. A. Lavrov, N. L. Barchenko // Informacionnye tekhnologii v ehkonomike i upravlenii. —
Mahachkala: DGTU, 2016. — P. 111-115.

Sedov, V. A. The fuzzy model of ships collision risk rating in a heavy traffic zone [Text] / V. A. Sedov, N. A. Sedova, S. V. Glush-
kov // In Proc. of the 22nd International Conference on Vibroengineering. — 2016. — P. 453—458.



