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Abstract

The nature of changes in the enterprise engineering paradigm and, in the first place, in the concepts of
this complex discipline, is important for the selection of enterprise engineering (EE) areas development and
forms of accumulation of knowledge in this area and their transfer to professionals, as well as for the stability
and flexibility of application of EE in practice. Analysis of these changes is particularly important, due to
the high turbulence of EE methods and technologies in the modern segment of technology development,
productive and other relations, as well as due to the possibility of interpretation of private schemes and
methods of EE as a new paradigm.

To give a meaningful estimate of changes in the EE paradigm, there have been defined basic and
additional EE concepts that at the end of the 20th century formed the classical EE paradigm. The results
of comparative analysis of classical EE paradigm concepts and the tasks which are common to various
enterprises until 2030 have been set forth. These results demonstrated that the classical EE paradigm retains
its performance ability in this perspective. The paper points out the open character of the set of EE paradigm
concepts and methods, whereby its composition naturally comprises the concepts formulated already in the
21st century, as well as alternative concepts. Meanwhile, the total “picture of the EE world” does not change
to something incompatible with the former one, but at the same time it does not remain unchanged: we see
a permanent expansion of the EE paradigm due to new methods of implementing the concepts, as well as

new concepts applied in parallel and in combination with the classical ones.

The conducted analysis has allowed us to pass on to the definition of substantively new concepts and
emerging ones , to propose directions for further research, as well as to define the conditions under which
the formation and application of a truly new EE paradigm can be justified.
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Introduction

uring the last twenty-five years, enterprise en-
gineering (EE) has been defined as a complex
discipline that is used for creating and changing
a wide variety of enterprises. In consequence of goal-
oriented international efforts, at the end of the 20th cen-

tury there was created a body of concepts, methodolo-

gies and standards which together form the classical EE
paradigm. This body was aimed at supporting the activi-
ties of enterprises in the 21st century, and its openness,
backed by the standards [1, 2], made it possible to build
up and modernize its methods.

The current period is characterized not only by the
acceleration of development of technologies (not only

1 The present research paper has been executed within the framework of project RFBR 16-07-01062:
“Development of methods and resources of enterprise engineering based on the smart technologies”.
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information technologies, but also robotics, biotechnol-
ogy, etc.), but also by radical changes in the education,
demography, sociology, and economics in general, and
this fact changes the environment in which enterprises
are created and operate. Starting from the very begin-
ning of the 21st century, changes in individual disci-
plines related to the EE began to be perceived as signifi-
cant paradigm shifts. Furthermore, an impression has
formed that the effect of a permanent paradigm shift
[3] appeared. Nowadays, publications about new para-
digms or their shifts occur almost daily. Some presenta-
tion about the turbulence in EE concepts and methods
is provided in research papers [4—10], although the full
picture is wider and more varied.

Under these conditions, the following questions
should be answered:

4 Does the classical EE paradigm remain operable to-
day and in the near future, and to what extent?

4 Do changes in enterprises and their external envi-
ronment really require a new EE paradigm (or, equiva-
lently, its paradigm shift) that is a radically changed pic-
ture of the EE world?

4 What EE concepts and methods should be rightfully
and reasonably considered as classical or relatively new
ones, but requiring further research and development
(R&D)?

4 What substantially new concepts in various areas of
EE is it appropriate to consider as objects and directions
for further research?

4 What are the conditions that require the recognition
of a truly new EE paradigm, and what in this recognition
can have both objective and subjective grounds?

The answers to these questions and their discussion
are rather important for determining reasonable meth-
ods of EE development, as well as for the possibility itself
of the systematic knowledge accumulation in this field
and for selection of forms of passing them to experts, as
well as for the flexible and sustainable implementation of
EE methods in practice. The paper suggests answers to
the first two questions and, partially, to the third of these
questions, based on the classical EE paradigm concept
and its expansions and development prospects.

Section 1 presents the approaches and methods used
in the research. Section 2 states the results of analysis
of the classical EE paradigm basic concepts, as well as
the concepts that have greatly supplemented the basic
ones and together with them formed the classic enter-
prise engineering. Section 3 presents the most common
assessments of the main current objectives of enterprise
engineering, often referred to as the digital transforma-

tion. The classical EE paradigm concepts are compared
with the mentioned objectives, and on this basis, assess-
ments of operability of the existing EE paradigm and of
the grounds for its replacement are being formed. Sec-
tion 4 provides a diagram demonstrating the expanding
EE paradigm, covering the application of relatively new
concepts and discussion of radically new ones. Finally,
the general program for further research required to ob-
tain answers to the remaining questions is outlined.

1. Methodology of the research
1.1. The bases of the analysis methodology

The methodological basis of the analysis is a com-
prehensive approach to EE analysis, the basic provi-
sions of the non-classical and post-non-classical epis-
temology, as well as the historical approach applied to
the values that EE provides to enterprises and to the
people related to them. The principles of non-classical
and post-non-classical epistemology serve for the ex-
pansion of the analysis basis in terms of choice of cri-
teria for the selection of knowledge categories for the
EE in general and individual EE concepts, particularly
in relation to knowledge management engineering at
enterprises. The historical approach is applied to ana-
lyze EE concepts and methods not in abstract “time
and space”, but within a particular historical period
possessing certain characteristics of the enterprise en-
vironment, including characteristics of both the pro-
ductive forces and the productive and social relations,
as well as their dynamics, namely, within the horizon
from the early 90s of the 20th century to 2030. The his-
torical approach to EE is applied in its searching vari-
ant, aimed at analysis of the EE concepts with consid-
eration of future conditions of the enterprise within the
planning horizon under review.

1.2. The governing points of view
on EE and related concepts

Points of view of customers and users of the engineer-
ing results, as well as independent consultants consider-
ing the enterprises transformation from the standpoint
not of individual technologies, but of the economy and
society in general were chosen as governing ones for the
evaluation of EE concepts. Particularly, the most impor-
tant ones considered were both the criticism of unjusti-
fied imposition of the enterprise transformation meth-
ods from the standpoints of practical marketing at the
beginning of the 21st century [10] and evaluation by the
marketing management practitioners of new opportuni-
ties one and a half decades later [11]. Current forecasts
and recommendations for enterprises — leaders of the
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so-called “digital transformation” were also taken into
consideration.

A broad interpretation of conception “paradigm” [9]
was used which makes it possible to integrate the search
for EE theoretical justifications with a leading practi-
cal development of the real EE, which, in fact, fuels the
search for these justifications. The EE paradigm is con-
sidered at the level of its most general and fundamental
premises considered as the EE concept. The emergence
of new methods applied for the implementation of some
or other concept, and, especially, of new tools and tech-
nologies, is not regarded as a paradigm shift.

The characteristics “digital” and “analog” are inter-
preted in accordance with the UN and the World Bank
reports used in the paper, and these characteristics are not
associated with a form of data storage and transmission.

2. The classical paradigm of enterprise
engineering and its first expansions
2.1. Creation of the classical paradigm

The classical EE paradigm concepts are rather com-
pletely presented in certain methodologies and stand-
ards. Analysis of the emergence and development of the
classical EE in the light of its architectural part is carried
out by the author in [12]. For this reason, only distinc-
tive features of the classical EE used for evaluating para-
digm operability are described further in the paper.

It is significant that more than twenty years ago some
methodologists expressed the opinion that the EE para-
digm as a new professional discipline is determined in
general, both the engineering and technocratic ones
[13]. However, the practical EE has been developed with
the help of a large range of specialists, and has integrated
a wider range of the enterprise aspects; this has made it
possible to include various and often opposed concepts
in practical use in EE. At ICEMIT’97 conference, gov-
erning for the EE, the results of goal-oriented research
and a combination of the approaches of European and
American specialists were presented [14]. However, al-
though the name “EE” was introduced earlier at ICE-
MIT’92, the content of this discipline still required
definition. Significant projects of a conceptual nature
contributed to this, and the paper [15] indicated focus-
ing of the proposed concepts on ensuring of successful
enterprises operation in the 21st century.

A consensus regarding the EE concepts was generally
reached in 2000 which was reported by Kurt Kosanke,
one of the EE ideologists, in a research paper [16]. The
standards [1, 2] were approved that established the term
“enterprise engineering” and the basic concepts of en-
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terprises integration and modeling , as well as a broad
definition of the term “enterprise” and principles of EE
implementation, including those based on the archi-
tectural approach. These and subsequent EE standards
have been harmonized with the concepts of a number
of methodologies still having independent significance.

2.2. Basic concepts
of the classical EE paradigm

In this paper the author attributes the concepts that are
set forth in descriptions of the projects and standards,
which in fact have formed the basis of EE content, as ba-
sic. As such, in the first place this research paper consid-
ers projects GERAM [17], CIMOSA [18], GRAI-GIM
[19] and Next-Generation Manufacturing (NGM) [15],
as well as standards [ 1, 2]. The basic concepts can be di-
vided into the three provisional fields: concepts of EE
arrangement as a whole, concepts of individual compo-
nents or aspects of an enterprise, and concepts of ap-
proaches to the enterprise integration. This paper states
the most significant and indicative concepts, and their
sets in each field are defined as open ones.

The basic concepts of the classical EE as a whole are
as follows:

4 Interpretation of the EE object as an enterprise
comprising the goal-oriented nature of its establishing,
modifying and functioning, not limiting the legal, eco-
nomic or other aspects of its organization, size and life
history, and providing for virtual and extended enter-
prises;

4 Enterprise engineering as a course through the life
cycles that are forming the enterprise life history, as a
continuous process of forming and changing descrip-
tions and models of the enterprise, their adaptation and
implementation by means of creating operational com-
ponents and monitoring their functioning;

4 Subject and discipline “Enterprise Architecture” as
a part of EE;

4+ A multilevel system of detailed and concretized de-
scriptions, illustrative representations and other enter-
prise models of varying formalization degree (includ-
ing glossaries, ontological theories, typical (reference)
and specific models, architectural modules), as well as
ready-made blocks;

4 Agile production and flexible structure of an enter-
prise, control over the balance between integration and
decentralization of the enterprise’s development.

The basic concepts for the enterprise components are
as follows:
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<> People as the enterprise subjects (their roles, com-
petences, and special properties, interaction with each
other and with machines), as well as the enterprise cul-
ture — both general and production;

<> Business model of the enterprise in general and the
set of its constituent models for various aspects of the
enterprise, including the financial and economic model
of the enterprise as part of the business model;

<> Value chains and performance models of the enter-
prise and its engineering, as well as their integration,;

<> Products and models of the products in its life cycle,
as well as other assets (resources) of the enterprise and
their models;

<> A broad concept of enterprise processes, including
behavior acts, as well as taxonomies of processes;

<> Machinery and technological systems, their models
and specimens;

<> Information and knowledge of the enterprise;

<> Centers of decision-making in the enterprise, archi-
tecture of the set of these centers and their relationships;

<> Re-usable modules (architectural units, services,
standard and typical systems, information resources,
etc.), and flexible enterprise architecture;

<> External environment of the enterprise and its com-
ponents; interaction with partners in the extended en-
terprise.

The basic concepts of approaches towards the enter-
prise integration are as follows:

4 Architectural analysis, design, and control as a
high-level management of enterprise integration and
development;

4 Standardization and typification of architectures
and individual models, modules typification;

4 Various (heterogeneous) representations of partial
architectures and processes of modeling of the enter-
prise and its architecture targeted at EE various subjects;

4 Adaptation of the reference methodologies, archi-
tectures, and the EE entire framework to the conditions
of a particular industry and enterprise;

4 Construction and continuous actualization of the en-
terprise ontology as an integrated formalized description of
the enterprise components, including its management, as
well as management of their properties and relationships;

4 Multi-level organizational, informational and other
interoperability of the enterprise components and the
enterprise with its partners;

4 Integration of various functional parts, organiza-
tional units, and enterprise processes;

10

4 Integration of machines, computer systems, and
people;

4 Integration of virtual and extended enterprises
(employees and partners);

4 Modeling languages, repository of artifacts of archi-
tecture and of the entire process of enterprise engineering;

4 Application of various enterprise life cycle mod-
els for different engineering methods (business process
reengineering, continuous process improvement, etc.);

4 Integration of work processes based on workflow
models.

2.3. Concepts of the 20th century supplementing
the EE basic concepts

Simultaneously with the formation of the basic con-
cepts, concepts related to further development of ca-
pabilities of enterprises have also been proposed. These
concepts are reflected in the aforementioned documents
of the classical EE only partially, but by 2001 they had
already been applied in practice. This fact allows us to
consider that the classical EE paradigm has been formed
as a combination of the basic concepts described above
and the additional concepts discussed below.

Concepts for cyber-corporation engineering

J. Martin introduced the idea of a cyber-corporation in
the paper [20], and developed it in 1996 in his book [21], in
which he proposed concepts that seemed to be revolution-
ary for the major part of enterprises. The basis consisted in
requirements for enterprises to respond quickly to chang-
es, to implement a “corporate nervous system” distrib-
uted to partners and customers, to transform enterprises
on the basis of net-centric architectures and continuous
evolution of corporations as “electronic organisms”.

Amongst others, these concepts include in particular
the following [21]:

<> To expose to reengineering not business processes,
but value streams, thereby obtaining clear and measur-
able benefits;

<> To plan the strategic advantages basing on the most
important value streams;

<> To realize flexibility and agility of creation and
cancellation of network organizational ties to respond
quickly to business opportunities;

<> To form ecosystems of the economy of cyber-cor-
porations as multi-industry combinations of corpora-
tions with dynamic relationship management;

<> To use software agents and smart “digital” docu-
ments having “embedded intelligence”;
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<> To manage the choreography of complex interac-
tions with partners in the network;

< To take “paradoxical” (sudden, spontaneous,
illogical from the point of view of observers) behavior
into consideration;

<> To design a cyber-corporation for very quick evolu-
tion;

<> To design parts of a cyber-corporation as “learning
laboratories” aimed at continuous experiment.

A section of the book [21] is devoted to concepts of
involving people and management. Among other things,
it proposes the following:

4 To create an attractive and motivating work envi-
ronment as an “exciting” place for maximum creative
activity;

4 To carry out continuous quick training of people
and the whole cyber-corporation; to exclude any out-
dated thinking;

4 To look for ways of “smooth transformation” as op-
posed to traumatic one.

In fact, these concepts had not been absolutely revo-
lutionary ones by 1996, because in many respects they
were similar to the well-known BPR concepts of the
90s [22]. However, J. Martin proposed a new approach
based not so much on processes but on values, tak-
ing into consideration the high volatility of the envi-
ronment. This approach required from enterprises the
quickest possible response both to the emerging op-
portunities and to the requirements for development,
forcing them to rely on information technologies to the
most extent with the goal of achieving such an effect
that in ten and more years became known as “digital
transformation”.

Concepts for “New System Design” (N.S.D.)

In those same years, the author of this article in his
papers [23, 24], along with an analysis of the existing ap-
proaches, has proposed a system of concepts for devel-
oping automated systems that implement the operating
part of comprehensively computerized enterprises. The
sum of the concepts was called the “New System De-
sign” (N.S.D.); it has received a significant number of
citations and was used in universities and research in-
dependently from the author. Partially, the N.S.D. con-
cepts turned out to be intercrossing with the proposals
of J. Martin [21], as well as with certain developments
published later. Therefore, we will consider only those
aspects that can supplement these proposals:

<> “Information Systems” are not technologies, but a
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directly acting part of a business (enterprise); it is inter-
preted as the need to always create and develop IT sys-
tems within the frame of business-engineering projects;

<> An open “EE shop”, extendable by means of alter-
native methods and tools in contrast to a “unitary” set of
tools and predetermined methods;

<> Complete informational equipment of each em-
ployee, regardless of his position in the organizational
structure.

Concepts for electronic business enterprises

In 1998, P. Timmers analyzed business models of
electronic business enterprises in the paper [25], the
number of citations of which has been increasing over
the years. As a consequence, he, in fact, highlighted the
concept of an “enterprise as a platform” (EaaP), as well
as implicitly suggested a taxonomy of transaction and
innovative platforms (although such names were not
used in his own work). Among those discussed, there
are platforms suitable for the creation of ecosystems,
including not only companies, but also end custom-
ers. P. Timmers stated that these business models are
feasible only because of the openness and connectivity
provided by the Internet. The paper [25] also considers
the following:

4 The concept of innovative enterprise business models
including added value to the value chain due to new in-
formation management methods and new functionality;

4 The concepts of an enterprise with models of a
“collaboration platform” and “virtual community”,
which afterwards came to be considered as the basis of
e-participation concepts in e-governments and found
use in various forms of modern social networking on
the web.

About other classical concepts of the EE

Within the limits of this publication, it is impossible to
consider many important concepts of the classical EE
paradigm, however, they are reflected in the publications
mentioned above. As an example, we will mention two
important concepts defined in the NGM project:

<> In the aspect of skills and activities of companies in
the 21st century: “partnerships will be formed based on
trust rather than through detailed contract in order to
solve complex problems quickly” [15, p. 8];

<> In the aspect of supplementary methods and tech-
nologies: “Tools to mitigate the effects of physical and
cultural complexity and to enable effective distributed,
global operations across cultures” [15, p. 9].
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3. General stimuli and objectives of changing
enterprises in the 21st century

To evaluate the operability of the classical EE paradigm,
it is reasonable to highlight the objectives and methods of
enterprises development which are called “digital trans-
formation” (DT), that seem to be relevant in the selected
horizon, and are the most common for enterprises in dif-
ferent countries. Such objectives and methods of develop-
ment are determined in this paper basing on the research-
es of the World Bank [26] and the UN [27, 28].

3.1. Report of the World Bank:
“Digital dividends”

The report [26] is coordinated with the plan for sus-
tainable development [29] adopted by the UN for the
period up to 2030. The report [26] considers digital
technologies in the first place as the Internet and mo-
bile communications, as well as related information
technologies — business intelligence (including big data
technologies), work automation, and remote teamwork
platforms. For all the industry sectors, enterprise scopes
and kinds of activities, consideration is given to three
main “mechanisms” for DT [26] or, in effect, EE mod-
els: inclusion in the information space, automation and
coordination to improve efficiency, and savings through
scale and platform for creating innovations.

The report [26] demonstrates that within the terms of
perspective under consideration EE will be applied to

For what: reduction in transaction costs, increasing number
of sellers and customers (cost saving due to the scale of work
on the transactional side and eliminating of middlemen)

EE transaction model:

creation 'of a business model
“Enterprise as an Transaction Platform"

EE inclusion model:
inclusion into global information space

For what: coverage of a much larger space of distribution,
customer settings, improving workflow

EE top level integration model:

interactions between partners, customers, sellers,
manufactures, etc.

the fullest extent in the DT area, which we will call the
first one — for the development and transformation of
classical enterprises and processes of production of rela-
tively traditional products and services. The main objec-
tives consist of covering a larger number of market par-
ticipants, acceleration of the enterprises response and
improvement of the efficiency of production processes
planning and implementation. To achieve these goals,
such models as “Inclusion” and “Automation and co-
ordination” (or EE efficiency model in Figure I) are ap-
plied in the first place. They are located at the bottom
of Figure I which presents the scheme of EE models for
DT including and extending ideas of [26]. It should be
also noted that these models are completely covered by
the classical EE paradigm concepts and are largely tried
and tested in practice.

For a clearer comparison of the classical EE concepts
with the second relevant DT area discussed below let us
take into consideration that the model “Savings through
scale and platform” should be divided into two ones:
“Transaction platform” and “Innovation platform”,
which are at the top of Figure 1. This division takes place
in both the recent taxonomy of platforms [30] and in the
classical taxonomy of Internet business models [25]. On
conceptual level combination of relations between these
four models (mechanisms for DT) forms the integration
grid and serves as the fifth model for DT: “EE top level
integration model”. Due to that the scheme is named
“Five-model EE scheme for DT” in this paper.

For what: increased competition ability, new quality (novelty
products creation, rapid and constant update of products,
co-creation, customer's involvement and participation)

EE innovation model:

creation of a business model
“Enterprise as an Innovation Platform"

EE efficiency model:

production processes automation, increasing
management efficiency

For what: a significant or even drastic increase in planning
and production efficiency, quality of services and products

Fig. 1. The five-model scheme of EE for digital transformation of enterprises
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The second DT area covers those enterprises (divi-
sions of enterprises), the production process of which
is aimed at obtaining new or relatively innovative types
of services in the form of information and communica-
tion results, primarily with the use of transaction and
innovative platforms. The examples of application of
the transaction platforms are electronic trading plat-
forms or transfer of logistics and occasional services to
the ICT sphere (“Uberization” — according to the op-
erating model of Uber). The examples of application
of the innovative platforms are the collective design of
a new product at the site of a joint remote work or use
of crowdsourcing to support decision-making about an
urban area improvement. It can be noted that despite
the relative novelty of such platforms, the classical EE
basic concepts and models work in this engineering as
well.

The report [26] brings ensuring of connectivity of or-
ganizations and people through the Internet and mobile
communications to the leading position regarding the
digital transformation effect. Undoubtedly, EE science
intensive methods and intelligent technologies are also
important. In classical EE, they are primarily used in
the scope of the “Automation and coordination” model
(EE efficiency model in Figure 1), but they are gradually
extending into the interactions of subjects and mecha-
nisms, as well as to transaction and innovative platforms.
However, the report [26] considers these methods in the
second turn, most likely because the DT realized bas-
ing on connectivity will remain of top priority for a long
time.

3.2. Reports of the United Nations
in 2014 and 2016 on e-government development

UN reports [27, 28] supplement the report [26] with
an analysis of the public sector development. Their
findings coincide with the conclusions of the report
[26], but at the same time they improve some require-
ments for EE. Particularly, the following needs are em-
phasized:

<> To use in EE not only informational, but also proc-
ess connectivity of public sector organizations among
themselves, with enterprises of other types, and with in-
dividuals, which increases the variability and complex-
ity of enterprise management and requirements for se-
curity;

<> To ensure in EE requirements the “e-participation”
of citizens in order to achieve not personal objectives,
but those common for the city, the region and the coun-
try.
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The following should be noted:

4 Engineering of the informational and process con-
nectivity of organizations and systems has been includ-
ed in EE for a long time. During the past two decades
EE concepts have been recorded in the interoperabil-
ity standards [31], but the problems with operability of
methods of these concepts implementation require con-
ducting further R&D;

4 The reports [27] and [28] highlight the problems
and risks of a non-technological nature in the engi-
neering of ecosystems with active users, and this re-
quires research and inclusion of risk management
concepts for both these risks and those that are not yet
known in EE.

4. Evaluation of the classical
EE paradigm operability
and the nature of its development

4.1. Operability of the classical EE paradigm

Two main DT areas highlighted above are develop-
ment of classic production operations and new types
of information and communication results acquisition.
Evaluations of sufficiently full operability of the classical
EE paradigm concepts for the first mentioned area have
also been formulated. It should be noted that this con-
clusion also spreads to such a powerful trend as Indus-
try 4.0, where enterprise engineering is being performed
with a very high level of automation and connectivity to
provide a really large and obvious increase in efficiency,
but, in fact, it is still carried out in the scope of classical
concepts.

Earlier, a conclusion was also reached about the ap-
plicability of the EE classical paradigm for the second,
relatively newer area of the DT. However, its relative
novelty requires a more detailed approach to evalua-
tion of this area and application to it of the classical EE
concepts. In particular, comparative evaluation of the
transformations volume within the two mentioned ar-
eas, as well as costs estimation for the modernization of
the existing business processes and IT systems required
for implementation of innovative solutions are useful.
Precise estimates of the global volumes of work in these
areas are not available, but the volume of moderni-
zation of basic production processes for the classical
products and services is understood to be many times
greater than the volume of purely innovative works. To
support this evaluation, let us refer to the Gartner es-
timate for the next years prospects [32], claiming that
by 2019 every dollar invested in innovations will require
an additional seven dollars for the modernization of the

13
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core of the existing business processes and production
systems.

In the longer perspective, the proportion will be
changing, but traditional market capacities are conserva-
tive, and the emergence of any new species and even
types of products will also require further modernization
of the main processes and production systems, that is,
continuation of the transformations carried out within
the frame of the classical EE paradigm. Apart from that,
interactions between the “traditional” and “new” enter-
prises (their divisions), reflected by the integration mod-
el in Figure 1 will remain. It should be noted that these
interactions work within a single enterprise or between
partner-enterprises (the similar conclusion is drawn in
the report [26]). This means that EE paradigm should
include those concepts that apply not only to the “digital
leaders”, but also to enterprises or parts of enterprises
of various types and “digitization” levels, as well as to
interactions of such different-type enterprises and their
divisions.

Therefore, the global nature of the DT tasks and the
level of real production operations development make it
possible to forecast that in the perspective under con-
sideration the classical EE paradigm will be operable in
the vast majority of engineering cases for both areas of
transformation.

4.2. Openness and the nature
of paradigm development

Operability of the classical EE paradigm also relies on
the possibility to apply in EE new concepts in parallel or
even in conjunction with the classical ones, as well as to
apply alternative concepts. As examples of the concepts
defined already in the first decade of the 21st century,
the following can be highlighted:

<> Use (as opposed to elimination) of manifestations
of general-cultural and professional multiculturalism
for work enrichment (which was formulated in the
paper [3]);

<> Involvement of customers in active co-creation
within an enterprise ecosystem (which was formulated
and methodically provided in the papers [27, 33]), as
opposed to offering them only unified products (possi-
bly with tailoring for consumer needs).

Requirements for the EE to carry out all the works
with the help of strictly engineering-and-analytical
methods (“technocratic concept”) and the require-
ments to transform in the first place the human rela-
tions and philosophy of work, starting with the beha-
vior patterns of managers (“humanitarian concept”)
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can be mentioned as an example of the classical al-
ternative EE concepts. Problems in practical joint ap-
plication of these concepts are great enough, which
requires creating additional methods for their harmo-
nious combination, however, both of them are parts of
the classical paradigm, enriching it.

There are other problems in the practice of EE ap-
plication as well (in particular, a problem of the inte-
grated ontology concept implementation and related
with it an interoperability problem), a more detailed
analysis of which is going to be considered in a sepa-
rate publication. It is important to note that so far the
problems associated with disadvantages of methods
and tools for implementing concepts or lack of an ad-
equate concept have been settled (when they could be
settled) on account of the openness of EE discipline
as a system. This fact has been expressed in EE’s con-
tinuous expansion through new methods, tools and
even concepts, which has not been restricted with the
basic standards [1, 2].

Considering all aforementioned, the following an-
swers to the first questions posed in the Introduction can
be suggested:

4 Concepts of the classical EE remain fully ope-
rable for the majority of enterprises interacting with
each other;

4 Within the limits of the horizon under considera-
tion, the “picture of EE world” is undergoing expan-
sion, but no radical change can be observed; therefore,
there are no grounds to talk about the need for a new
EE paradigm or a radical paradigm shift of the existing
paradigm.

It is supposed that with the forecasted development
of technologies and enterprises on the horizon under
consideration, new operable EE concepts can con-
tinue to be used in conjunction with classical ones, as
well as with their expansions. This also applies to such
significantly new concepts as, for example, engineer-
ing of non-classical forms of management under high
uncertainty conditions or engineering of multi-agent
systems with different types of actors incorporating
robots into the enterprise as its subjects. Thus, it is pos-
sible to talk about the quite specific nature of EE devel-
opment, namely, about the continuously expanding EE
paradigm, and a sketch of its development is shown in
Table 1. In this Table, already operating new concepts
that were formulated at the beginning of the 21st centu-
ry are named “Operating and relatively new concepts”,
and the result of inclusion of these concepts in EE is
named “Extended classical EE paradigm”.
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Table 1.

Expanding enterprise engineering paradigm: sketch of development

Period (roughly)

1992-2000 1995-2000 2001-2010 2011-2016-2030

Set of proposed EE conceptions Basic EE concepts

Additional EE concepts

Operating and relatively
new EE concepts

Essentially new concepts
including prospective ones

Initial state of EE paradigm

Current operating state of EE paradigm

General behavior of EE paradigm
development

Classical EE paradigm

Permanently expanding EE paradigm

Extended classical
EE paradigm

It should be noted that many publications using words
about a new paradigm or about a radical paradigm shift,
which is the same, suggest in reality just variants of EE
components. One more framework variant for EE [4],
one more method of matching the business and IT [8],
or any method or variant of tool language can be given
as examples. These new EE components can claim to
be expanding EE practice, but not to be changing the
“picture of EE world”?. The paper [34] with more thor-
ough conclusions speaks about the necessity of a big and
hard work for a new EE paradigm forming to respond
to “great challenges”. Besides, the paper forecasts that
exploring and solving new problems can be expected by
2025. However, analysis provided in our article demon-
strates that many “great challenges” mentioned in [34]
might be responded to without any paradigm shift; al-
though changing the meaning of an “enterprise” as a
concept might actually require changing “EE world pic-
ture” in the future.

Conclusion

The period from 1992 and presumably to 2030 is
characterized by the emergence of a set of new factors
strongly influencing enterprises, as well as by conscious
efforts to take these factors in EE into consideration.
Such factors include new technological opportunities
accompanied by new risks, a sharp increase in volatility
and uncertainty of the enterprise environment, as well
as a number of other factors. However, the nature of the
purposeful creating and functioning of enterprises re-
mains unchanged in general; the concepts of the classi-

cal EE paradigm have forestalled most of the mentioned
factors, and emerging new concepts can be applied in
parallel and often in conjunction with the classical ones,
even if they are alternative thereto.

Consequently, within the context of the prospects un-
der consideration, the “picture of the EE world” is un-
dergoing expansions and changes, but no radical para-
digm shift is taking place. There exist grounds to believe
that throughout the entire horizon under consideration,
we are dealing with a continuously expanding EE para-
digm able to take into account changes in the environ-
ment and to apply new methods and technologies. Con-
tributing factors are both the open nature of the set of
concepts in the standards and methodologies of the en-
terprise engineering and architecture and a high degree
of gradation of changes in the inherent character of the
enterprises themselves.

At the same time, certain problems are observed when
applying EE concepts, and to solve these problems we
need further development of those methods and tools
realizing them. In addition, relevance of such new en-
gineering concepts that have been recently related to
the field of futurology is growing. In this regard, within
a separate publication, it is planned to analyze the prob-
lems of applying some of the most important EE con-
cepts, both classical and new ones, as well as to highlight
areas of further R&D for some of them.

This analysis will be also associated with defining
conditions under which the transition to a truly new
EE paradigm would be justified. Announcing the pub-
lication of the next portion of EE changes analysis re-

2 In 2013, the author of this paper gave way to the mainstream pressure and named the system of relevant
EE principles proposed in the papers [6, 9] as a “new paradigm”. Here this name is disavowed for the
reasons discussed above. However, the content of the papers [6, 9] remains still valid and constructive.
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sults, it can be said that these conditions are for now
associated in the first place neither with technologies,
nor with other new productive forces, but with chang-
es in the productive relations that form the main char-
acteristic features of an enterprise (for example, those

the enterprise).That is, forming a new EE paradigm
might become objectively justified when the mean-
ing of concepts “enterprise” and “EE” themselves
changes radically. It is also important to separate the
objective and subjective reasons for forming a new EE

related with new values for the consumer and for | paradigm.m
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AHHOTanusa

XapakTep U3MEeHEHMI1 ITapagurMbl MHXXUHUpUHTA Tipennpusatuii (UI1) u, B mepBylo odepenb, KOHUEIIUI 3TOM
KOMILIEKCHOM TUCHMIUTMHBI BaxeH IS BbIOopa HarnpasieHuit pazsutus U1, hbopm HakomieHUs: 3HaHWI B JaHHOM
cdepe 1 UX epeaadyu CreuaIucTaM, a TakKe yCTOMYMBOCTU U ThOKocTy TpuMeHeHust UTT Ha mpakTuke. AHaJIN3 3TUX
U3MEHEHUI 0COOEHHO BaXKeH IO MPUYMHE BHICOKON TYpOYJEHTHOCTH METONOB U TexHojoruii MI1 Ha coBpeMeHHOM
OTpe3Ke Pa3BUTHUSI TEXHOJIOTUIA, TPOU3BOJACTBEHHBIX U IPYTUX OTHOLLIEHU, a TAKXKe U3-32 BO3MOXHOCTH TPAKTOBKU
YacTHBIX cxeM U MeTonoB MIT kak HOBOi1 mapagurmbl.

J1i1s1 060CHOBaHHOM OLIeHKU M3MeHeHu# napagurmbl MIT ornpenenieHbl 6a30Bble M JOMOIHUTEIbHBIE KOHLETIUN
WII, coctaBuBlIMe B KOHIe XX Beka kiaccumyeckyilo napagurmy MII. M3noxeHbl pe3ynbraTbl CpaBHUTEIbHOIO
aHajM3a KoHLenuuii kiaaccuueckoi mapagurmbl MIT u 3amau, oOmwmx mis pasHeix npennpusatuii 1o 2030 roxa.
IIpu sTOM TIOKa3aHO, YTO Kilaccuueckast mapamurma MIT coxpaHseT paboTOCIIOCOGHOCTh B 3TOU TEPCIEKTUBE.
VYKa3pIBaeTCcs Ha OTKPBITHI XapaKTep COBOKYITHOCTM KOHIEMIUI M MeTomoB mapamurMbl MII, Giaaromapst yemy
B €€ COCTaB €CTeCTBEHHBIM 00pa30oM BKIIIOUAIOTCS KOHIIENIMM, chopMyIupoBaHHBIe yxke B XXI Beke, a Takke
ajpTepHaTUBHBIC KoHLEMIUU. [Ipu a3ToM ob1ias «kaptuHa mupa UI1» He MeHsIeTcs Ha HECOBMECTUMYIO C TIPEXKHEN,
HO M HE OCTaeTCs HEM3MEHHO: MPOUCXOAUT MOCTOSTHHOE paciiupeHue napaaurmsl MIT 3a cyeT HOBBIX METOIOB
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Abstract

In modern society, skills of working with information play a significant role. The influence of information
in our everyday lives is rapidly increasing, while methods of data processing remain the same.

Research is being directed at problems of data processing and visualization of information, which become

more popular with each year. This paper describes infological models, a new method of data visualization and
information processing based on technologies of information presentation, as well as on principles of semantic
networks, open data and data banks.

The technology of infological models represents a new approach to data storage and exchange which
enables us to look at information processing in a new way. Based on principles of open data, semantic networks
and data banks, the concept seeks to define the set of entities and relations, based on which an independent
information block is displayed as a block diagram, which is easy to understand for an average user with a
computer.

This work provides a brief overview of the information overload problem, describes the technology of
infological models, its general principles and contains an application of mentioned methods in e-commerce
using the example of knowledge bases, news portals, on-line shops, smart house and Internet of Things, with

description of features and advantages, ending with an overall conclusion.
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Introduction

ccording to the Digital, Social and Mobile
Report, in 2015 global network penetration
xceeded 42%, having increased by 7 percentage

points over the previous year. Such a high rate of network
penetration enables us to exchange a wealth of informa-
tion, and a growing number of devices generates more
and more data which we have to handle. Data will have
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to be managed so that the process of knowledge accu-
mulation is not a problem. Attention is being increasing-
ly focused on the issues of data visualization, interface
intuitiveness and UI/UX design.

The denoted tendency makes network power accessi-
ble to new and inexperienced users. The technologies of
semantic networks, open source data and data banks are
changing the information management process. A new
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method of data visualization and information handling
based on modern technologies of information represen-
tation, the philosophy of semantic networks, open data
and data banks will be described within this study.

1. Technology of infological models
1.1. Short description

Infological models are a new intuitive way to visualize
information which allows us to improve the perception,
ergonomics and automated analysis of data through
information presentation in the form of a human-read-
able, connected interactive graph. The technology is
based on modern information and knowledge visuali-
zation methodologies and combines basic principles of
semantic networks, open data and data banks.

1.2. Implementation example 1: Events

It is worth starting a detailed technology description
with a review of a generic diagram of the infological
model using the example of event sequence consisting of
two subjects involved (Figure I).

Subject A performs Subject B performs
an action an action
AV
Subject /\ Subject
A Connection between B
subjects or events
description

Fig. 1. Diagram of event sequence of two subjects

The left object on the diagram represents an action
performed by subject A which resulted in, gave rise to
or transferred to the action performed by subject B. The
objective of the diagram is to outline a general narrative
concept of news flow facilitating an advanced and con-
trolled study of the information provided. Therefore, the
above model not only organizes the text information,
but also implements the basic principles of information
visualization: a “top to bottom” approach [1], data flow
control [2], model interactivity [3] and other means.

1.3. Implementation example 2:
Terms

Let us consider the technology application using an-
other example describing the terminology of a certain
area of knowledge (Figure 2).
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Brief description Brief description
of Term A of Term B
\/
Term N
A Description
of terms
relationship

Fig. 2. Diagram of terminology with two terms

The left object in the diagram is a term describing an ob-
ject in the infological model context. The right object is the
second term, and the arrow in the middle also defines their
relationship. The purpose of the diagram is to give us a gen-
eral idea of the terminology structure and relationship of the
terms, thereby placing the user into the target area of knowl-
edge. Each term can be explained in detail by means of the
model, and the user on his own is able to determine exactly
which of the terms used he wants to be explained. This pres-
entation of information not only visualizes the knowledge,
but also enables the user to manage the data acquisition,
moving from general concepts to more exact details.

Thus, infological models have a significant positive
effect on the ergonomics of information received by the
user, and so improve information handling [4, 5]. In ad-
dition, due to the micro-markup languages and server-
based parsing of the input data, an automated distribu-
tion of input data and their automatic analysis become
possible, that is not only an embodiment of the semantic
network, but also the implementation of the concepts de-
scribed in the international data visualization research.

1.4. System architecture

The next figure provides an example of architecture
based on which services can be deployed using infologi-
cal models. A set of technologies in the framework of the
architecture described is not a baseline minimum: for
example, a separate server-based caching and separate
databases: MS SQL and ORM-analogue, MongoDB are
optional, but significantly improve the performance of
the entire system (Figure 3).

2. General principles

Let’s consider in more detail exactly what kind of
principles of data handling as described in international
studies can be realized through application of the tech-
nology of infological models. Within this section consid-
eration will be given not only to engineering but also to
the interface aspect of the technology.
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Fig. 3. Example of the system architecture

2.1. Ergonomics

Information visualization in infological models has its
origin in the concept of semantic networks and the prin-
ciples of the worldwide research (Figure 4).

] members
World War Il
ﬁ

Chernobyl Unemployable
veterans citizens

Federal
employees

[Armed Forces]

Fig. 4. Changes in state pension provisions

As exemplified by the above picture, it is obvious how
application of an infological model can change the
approach to information perception [3]. Let us consider
the example in more detail: a law approved by the Govern-
ment affects social payments to pensioners and public sec-
tor employees. Thus, a person not yet familiar with the law
can already observe in the diagram if he is affected by the
consequences. If a user belongs to one of the categories of
citizens who are subject to operation of the law, a citizen
can see the changes imposed by the law on welfare pay-
ments by moving the cursor to “its” icon or caption [4, 6].

Eventually, instead of studying 64 pages of the full text
of the law, the user will get the required amount of infor-
mation from an extract consisting of several sentences.

2.2. Interactivity

The interactivity, as written by Alan MacEachern in
his studies [3, 7], is one of the main tools of qualitative
computer information visualization. Infological models
are inherently interactive, and each model element is
available for user interaction.

When hovering a cursor over the model object, the
user obtains an extensive description of the event or term
represented by the object. Thereby, it becomes possible
not only to develop the user’s behavioral pattern teach-
ing to predictable interaction with the model, but also
to control his attention, highlighting the most important
terms and/or events within the model [8] (Figure 5).

PF of RF collects dues and
transfers them to NGPF authority
under concluded MPI agreements

Manda
due

Investment
& accounting

Management
& accounting

Fig. 5. Full description of the infological model’s object

The example above shows a model fragment describ-
ing a reallocation of functions of the non-state pension
provisions to market participants.

In addition to the general diagram representing
the entire picture, hovering over the object reveals a
detailed description of new features of the selected object,
and also contains the link to the full description of the
selected object with all the related information. Eventu-
ally, the user can first evaluate the picture as a whole,
and then study the details through interaction with the
model [9].
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2.3. Animation

Animation is the primary way to “revive” the model
and make a call for interaction addressed to the user [7].
But the most important thing is that animation makes
the model narrative by default. Besides the afore-men-
tioned Alan MacEachren’s studies, which describe the
role of animation in terms of computer information
visualization, we would like to pay special attention to
Chris Baber’s position determining the narrative nature
of information by the basis of event chains [10].

The infological models are gradually shown to the
user, in chronological order of occurrence of events or in
hierarchical order of terms arrangement. From the first
second this allows the user to understand the direction of
the news flow and the order in which it is preferable to be
studied (Figure 6).

As you can see by the example, the animated infor-
mation output reveals the narrative aspect of infological
models, records events in sequence, and above all makes
it possible to control the user’s attention with seemingly
equivalent model objects.

2.4. Automated information analysis

With the help of predefined sets of stencils and infor-
mation organization in the form of a semantic network, it
becomes possible to analyze data automatically and accu-
rately. Here are some examples of complicated reports
which can be built automatically within the technology of
infological models and applied in appropriate target areas:

4 activity of the President in the healthcare area dur-
ing the last month;

4 the story of competitions and awards for any film at
the cinema ceremony with referencearticles;

4 the share of legislators, initiated positive changes for
unemployed citizens in pension market over the last year;

4 “conversional funnels” of social law enactment;

4 a host of other things.

166-FL "About state pension provision"

Federal Armed Forces
employees members
World War Il oy
a

Chernobyl Unemployable
citizens

veterans
Fig. 6. Animated process of model appearance
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2.5. Automatic extraction
of information fragments

Structuring of used stencils and information systema-
tization within the infological model make it possible to
computerize not only the information analytics, but also
extracts for the related articles.

Thus, for example, automatically extracted data can
be placed within an article on any portal. Further-
more, owing to micro-markup languages, all informa-
tion managed by the system remains accessible to search
algorithms and is suitable for machine-readable use. As
a result, we get export and data-sharing mechanisms for
on-line services (Figure 7).

LAST ACTIONS

The Russian Federation government
approved amendments to act 111-FL
"About Investments"

16 Apr 2014

The Russian Federation government
approved amendments to act 167-FL
"About Mandatory Pension Insurance”

16 Apr 2014

The Russian Federation government
approved amendments to act 166-FL
"About State Pension Provision"

16 Apr 2014

Fig. 7. Automatically formed list of Government acts

The example above reveals an automatic sampling of
the latest acts of the Russian Government. Thus, pro-
vided that the base of infological models in the selected
area is filled, a fully automated reporting and analysis of
the subject actions described in the infological models
are possible, that for the time of writing this paper is a
unique feature of the solution.

2.6. Integration with data sources

Inasmuch as the technology of the infological models
is associated with the visual methodology and notation
of semantic markup, it can be integrated with the sourc-
es of dynamic data.

Moreover, the technology was developed with a long-
term prospect of automated data generation: starting
from uploading of the simplest news blocks from the
open publishers and ending with the implementation in
the smart house ecosystem, BI systems, etc. (Figure 8).

The example above shows the structural presentation
of the infological models applied to a smart house. In
particular, blue elements indicate the rooms which have
operating devices; green elements indicate completely
“switched off rooms”.
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Holl

Power: 3kW
Light: off
Devices: 1 Kette /

.

Fig. 8. Infological models in the scope of the smart house

By clicking a room, a data summary received from the
connected sources is displayed and it becomes possible
to go to an enlarged view of the room. In addition to
information presented in the picture, interactive graphs
and an enhanced navigation link can be arranged.

3. Application of infological models
in e-commerce

Let us analyze the use of infological models as a tool of
information visualization in the e-commerce environ-
ment.

3.1. Information portals
and knowledge bases

Information visualization is a relevant task of the
infological models. This makes the technology a power-
ful tool in the area of information portals and knowledge
bases. Among the capabilities offered by the technology
for information portals and knowledge bases, the most
significant ones are the following:

4 Data coherence. All terms and articles integrated
into the system are interconnected. The models in which
the content data is used are also combined into a single
semantic network and available for automated analysis;

4 Data integrity. The data coherence determines the
completeness of data provided to the user: it is easy to
find descriptions of the adjacent terms, a detailed de-
scription of the term itself or a general model of the area
in which the term is involved.

Dissemination of information. Infological models
added with properly configured API make it possible to
automate information dissemination. The peculiarity of
this application consists in the coherence of information
disseminated: the portal receiving data is not limited by
the transmitted infological model and can provide users
with a model-linked content, of course, if this is allowed
by the source portal.

3.2. News portals

The quality of the news portal is determined not only
by the quality of news articles placed therein, but also by
their reliability and time of occurrence. As of today, the
speed of indexing the biggest news portals by search sys-
tems takes a few minutes from the beginning of indexing
before the page enters the search samples, and therefore,
the issue of efficiency and control of the news source is
particularly hot-bottom.

Due to the structure of the technology of the infologi-
cal models, their usability can offer a number of unques-
tionable advantages to news portals: high quality of infor-
mation visualization, promptness expansion of data dis-
semination, high reliability of borrowed fragments of ar-
ticles, completeness of data proposed to users and pos-
sibility of automated analytics of the posted content.

The most important capabilities offered by the tech-
nology to news portals are as follows:

<> Rapid dissemination of information. Due to automa-
tion of the process of distribution of infological models
and their fragments, it becomes possible to implement
a semi-automatic posting of news articles on the portal;
this significantly reduces the time required for prepara-
tion of news to be posted on the agency’s website;

<> Management of information dissemination. Prop-
erly configured APIs make it possible to automate the
process of information dissemination and control it by
defining the access policy and data borrowing. This also
makes it possible to automate the monitoring and analy-
sis of information dissemination, all of which opens up
new prospects for the news agencies;

<>Monitoringofthedatasource. Allinfologicalmodels
borrowed from third party resources keep the desig-
nation of the data source, thereby facilitating moni-
toring of the source and tracking of the information
channels.

3.3. On-line shops

The directory tree, its interface and service of auto-
matic recommendations were and remain one of the key
issues in the context of developing on-line shops. Due to
powerful capabilities of automatic analysis of the posted
information, infological models serve as powerful tools
in relation to the afore mentioned problems.

In addition to the high quality of data visualization as
described above, the use of infological models can bring a
number of notable advantages to on-line shops: informa-
tional contents of description of goods and good catego-
ries, flexibility of the directory tree being used at the site,
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automation of handling processes for information posted
on the site, powerful capabilities of automated analytics of
the commodity grid and manageable data exchange.

Among the capabilities accessible for on-line shops
in the course of applying the technology of infological
models, three key capabilities can be identified:

4 ‘Smart’ cross-sale modules filled based on analysis
of the commodity grid and recommendations of post-
sales analytics. When infological models are properly
configured, the recommendations of the entire sets of
additional accessories can be automated.

4+ Updated and coherent knowledge base. The
knowledge base containing recommendations on key
goods categories is becoming more urgent in specialized
on-line shops. Infological models can not only improve
visualization, but also automate information uploads on
the goods sites and filling of the bases with new data.

4 Structured and controllable sales catalog. It be-
comes possible for on-line shop clients to use both a new
access interface, and a new tree management interface
for the internal employees. The change of the catalog
tree can be turned into rebinding of the catalog infologi-
cal model nodes to new menu items on the site.

3.4. Smart house and the Internet of Things

The concept of the Internet of Things is experiencing
rapid growth, though the full implementation of the idea
of easy management of things via the Internet causes a
number of problems, principally noncooperation of the
manufacturers and developers in relation to the API and
interfaces used.

Due to differences in the hardware and software inter-
faces, it becomes impossible to create a common plat-
form for managing things under control, and that, in
turn, adversely affects the development of the area as a
whole.

Application of the infological models as a means of
monitoring and visualization of indicators can solve a
part of the problems identified, bringing the following
advantages to the Internet of Things: a high usability
level, informational contents of working models, unifi-
cation of the user interface to manage the things, auto-
mated monitoring and analytics of indicators, as well as
a high degree of adaptability to new devices.

In the long view of using the infological models for the
Internet of Things, the following significant capabilities
can be identified:

<>API for data systemization and exchange on a single-
solution platform. Since the infological models can be

represented by an independent data visualization level
from the Internet of Things devices, the aggregated data
become available for any computerized analysis through
customizable API;

<-Monitoring and analysis of indicators. The intuitive
interface and high information content provide the user
with a convenient tool to track aggregable indicators. In
addition, data coherence and machine-reading facilitate
automated analysis of the collected indicators. For ex-
ample, we can determine in which room the power con-
sumption is unreasonably high, or find out whether all
electrical appliances are switched off.

By the example of the figure “Infological models in
the scope of smart house,” it is shown what the smart
house interface built on the basis of the infological mod-
el could look like. The green color indicates low power
consumption, while the blue color indicates a high pow-
er consumption. In so doing, data falling on the models
are dynamic and are being updated in real time.

What happens if you go down to the next detail level
of the concept, to a separate room? You can see items
included in the content of a selected room and move to
their management. The following example opens a view
of a separate room based on the infological models in-
terface (Figure 9).

Fig. 9. Concept of the smart house room interface

3.5. Event logging

In addition to the identified capabilities, a list of re-
corded events associated with the selected subject can be
logged in a separate subject of the infological model. For
example, periods of kettle operation and electricity con-
sumption graph. The historicity of the data provided,
while maintaining a high level of usability, is a distinct
advantage of the technology.
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Therefore, the usability of the technology is of an
extensive nature — from a point tool for e-commerce
sites to a multipurpose platform combining standards
and technologies. To some extent, it is due to a new
approach to information visualization and consequent
improved human perception of data; to some extent it
is caused by information processing capabilities offered
by the use of infological models in modern business ar-
eas and life.

Conclusion

During the research, modern data processing technol-
ogies and information visualization methodologies were
analyzed. The results of studies and papers which have
found their ways in the world scientific literature were
also interpreted.

The analyzed material and the results obtained dur-
ing the study provided the basis for designing and devel-
oping a technology of infological models incorporating
key features of information processing and visualization.
Thus, the tasks set for the research were solved, and the
goal of creating a new effective method of data visualiza-
tion and information handling was achieved.

Using the findings obtained during the study by the
Netbell! project team, a technology of infological mod-

INTERNET TECHNOLOGIES

els with the following features was designed and imple-
mented:

<> high efficiency of news and data exchange;

<> monitoring of data sources;

<> information flow management;

<> integrity and coherence of the data provided;

<> automated generation of customer-focused pages;
<> automated analytics of input information;

<> a host of other things, depending on the area of the
technology application.

The final part of the study describes the usability of in-
fological models in e-business as seen in information por-
tals, knowledge bases, news portals, on-line shops, the
Internet of Things and smart houses, as well as the tech-
nical basis required for implementation of the technology.

It should be noted that the use of the technology of
infological models is possible even today, and it offers
some important challenges, i.e. improving the human
perception of information, development of “smart”
commerce, as well as systematization and automation of
information processing.

This article is an extended version of the material pre-
sented at the IEEE Conference on Business Informatics
in2016.m
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AHHOTALNUSA

B coBpeMeHHOM o0OllleCTBE HaBBIKM pabOThl ¢ MH(pOpMAalLMell WUrpaloT KIIOUeBYIO pPOJib, PacTeT BIUSHUE
WHOpMaIMK Ha pa3BUTHE 0o0IIecTBa. B mociaenHee BpeMsT CTPEMUTEIBHO YBEINYMBAIOTCSI 00BEMBI TeHEPUPYEMO
WHMOpMaIU, OMHAKO METOIBI €€ 00pabOTKM OCTAIOTCS TTPEKHUMM.

HccrnenoBanue MOCBSAIIEHO IpoGiemMaM o0OpabOTKM W BU3yalIM3allud WHMOpMAIMU, C KaXOIbIM TOIOM
MpUOOPETAIOIIMMU BCe OOJBIIYIO MOMYJIsApHOCTh. llenb paboTel — pa3paboTaTh HOBBIM METON BU3yaau3alluM
JNIaHHBIX U paboOThl ¢ MH(MOpPMalIMEl HA OCHOBE TEXHOJOTU TMpencTaBieHUs MH(pOpMalMK, a TakxkKe MPUHIIMIIOB
CEMaHTUYECKHX CETEei, OTKPBITHIX JAHHBIX U OAHKOB JaHHBIX.

TexHomorust HMOIOrMYECKUX MOIEIE IPEICTaBIsieT COO0M HOBBIN MOAXO0 K XpaHEHUIO M OOMEHY JaHHBIMH,
MMO3BOJISIIONINI B3ISIHYTh Ha paboTy ¢ MHGOpMALMEl ¢ HOBOI CTOPOHBI. basupysch Ha MPUHIMIIAX OTKPBITHIX
MAHHBIX, CEMAHTUYECKUX CeTeil M GAHKOB JAHHBIX, KOHLIEILIMS PEILIeHNUsST 3aKII0YaeTCs B TOM, YTOOBI OMPENETIUTh
Habop CYOBbEKTOB U CBsI3eli, Ha 6a3e KOTOPBIX MOXKHO OTOOpaXkaTh OTAEIbHbBIN MH(POPMALIMOHHBIM OJIOK B BUIE OJIOK-
cxeMBlI (rpada), MOHSTHOTO KaK PSAOBOMY MOJIb30BaTENIO, TAK M KOMITBIOTEPY.

PaGota comepXut KpaTKuii 0630p Ipo0IeMbl H30bITKA HUH(MOPMALIUK, OIIMCHIBAET TEXHOIOTMIO MH(POJIOTNIECKIX
MoOIelel M €€ OCHOBOIIOJIAraiolliKe IIPUHLMUIIBI, COOCPXKUT aHAIM3 MCIIONb30BaHMS MH(POIOTMYECKHUX MOJEIEi
B 2JICKTPOHHOI KOMMEpLIMM Ha IpUMepe MPUMEHEHMs IPU OpraHM3aluu 06a3 3HAHMI, HOBOCTHBIX ITOPTAJIOB,
HMHTepHeT-MarasmHoB, YMHBIX JOMOB U KHTepHeTa Bemieil. Takke ONMMCBHIBAIOTCS KIIIOYEBBIE OCOOEHHOCTH U
MPEeNMYIIECTBA PEIIeHNs ¢ BEIBOIAMHU Ha 0a3e IMPOBEISHHOIO CCIICIOBaHMSI.

KimoueBbie cioBa: MHMOJIOTMISCKIE MOACITH, MPEACTABICHNE 3HAHWI, yMHAss KOMMEPIYS, CEMaHTHKA, BU3yaTu3aius
JMAHHBIX, OTKPBITHIC TaHHBIE, 0AHKW TaHHBIX, CEMAaHTUIECKHE CETH.

Huruposanue: Kniazev K.A., Komarov M.M. Infological models for smart commerce // Business Informatics. 2016.
No. 4 (38). P. 19—26. DOI: 10.17323/1998-0663.2016.4.19.26.
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Abstract

Nowadays, the e-learning market is rapidly growing both financially and geographically. More and more
often, e-learning resources involve a multicultural audience and are becoming available to people with different
educational backgrounds. However, there are cognitive specificity and different approaches to the learning
process in different cultures. This paper is devoted to illustrating a possible solution for adaptation of content
of an e-learning resource to a multicultural audience. The solution described applies the adaptive content
concept based on individual educational trajectories and preparing content according to the individual cultural
characteristics of learner and his or her competencies, both obtained and desired.

During the research, the learner-centric model of learning processes was developed. In the article, both
high-level and detailed models are presented. Principles of planning the individual learning trajectory based
on the learner’s obtained and desired competencies, and statistical data about his or her learning style are also
described. As an example of the possibility to apply historical data on how learning style affects successful
passing through the learning course, the statistical analysis is provided. The analysis relies on person-course de-
identified dataset from seven courses on HarvardX and MITx platforms provided during the 2013/14 academic
year. This analysis demonstrated the statistical significance of several parameters. A comparison of algorithms
for estimating the probability of successfully passing the course depending on the learning style, is also presented.
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Introduction

owadays, the cross-cultural problem is one of
Nthe basic things to consider when creating an e-

resource focused on representatives of different
cultures. Since the advent of using information technol-
ogy for delivery of information, new tools and methods
to present it have appeared. Some of them both partly
decrease and increase the psychological tension of the
process of acquiring knowledge. According to G. Uzi-
levsky [1], ergonomic semiotics is a scientific practice
which studies the problems common to semiotics, lin-
guistics and ergonomics, and is able to resolve a number
of problems associated with the need to make informa-
tion intelligible to the target audience, depending on

BUSINESS INFORMATICS No. 4(38) — 2016

the cognitive specificity caused by cultural differences.
In the era of the worldwide Internet’s intromission into
most areas of life, the implementation of cross-cultural
aspects of ergonomic semiotics is very important.

On the one hand, the content of usual e-resources
certainly embodies the national culture of its creators
[2]. On the other hand, content must meet the cultural
and pragmatic expectations of the learner for maximal
efficiency of presenting information. For example, it is
possible to observe that Western educational content is
characterized by openness, clear logic and predictability,
its dosage of information and no hidden content; while
Eastern content usually has a complex structure and is
very context-related [2].
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Pragmatic factors must necessarily be taken into ac-
count during the process of creating and monitoring re-
sources aimed at a multicultural audience. There are dif-
ferent cognitive models of perception and processing of
information in the Eastern (collectivistic and inclined to
dialectic) cultures and the Western (individualistic and
inclined to formal logic) cultures. In the West, the infor-
mation is mostly directly perceived through the prism of
the person’s individual perception and is superimposed
on the existing information background. In the East, us-
ers simply collect information without personal critical
reflection when consuming information content [2].

1. Basis of cultural classification

The central object of my adaptive content concept is the
learner’s profile consisting of two parts: cultural and cogni-
tive, plus competency profiles. The cultural and cognitive
profile contains information about culture-related fea-
tures: cognitive specificity, specificity of train of thought,
and affective differences. According to M. Kholodnaya’s
research [3], the cognitive style reflects the way of perceiv-
ing, analyzing, structuring and categorizing the world, the
style of learning. The competency profile contains a list of
the learner’s knowledge and skills, and the vector of his or
her educational and professional development (what he or
she is interested in for further learning).

It makes sense to base the cultural and cognitive profile
on the six cultural dimensions invented by Geert Hofstede

[4, 5] (Power Distance (PDI), Collectivism vs Individu-
alism (IND), Masculinity vs Femininity (MAS), Uncer-
tainty Avoidance (UAV), Long-term vs. Short-term orien-
tation (LTO), Indulgence versus Restraint (IVR)) because
there a test exists which provides an exact value for each
dimension, making it very convenient for programming.
This basis was used when mapping with the cultural clas-
sifications of F. Trompenaars [6], H. Triandis [7] and
R. Lewis [8]. While Hofstede’s classification was driven by
an individual’s associates, other classifications are more
individual and thus complement the former. The pro-
file may also be extended with the binary classification of
learning styles introduced by R. Felder and L. Silverman
[9]. In this model, learning styles are described as a value
between pairs of extremes: active or reflective, sensing or
intuitive, verbal or visual, and sequential or global. There
also is the test for getting values for a specific learner [10].

The competency profile should be based on a com-
petency classificatory. Competencies should be divided
into systematic competencies (core competencies, such
as time-management, statistics analyzing, working in
group, etc.) and professional competencies (related to
the exact professional field). Professional competencies
should themselves be divided in two: instrumental com-
petencies, and social and personal competencies. The
latter competency group is related to the cultural and
cognitive profile and that is how connection between
profiles is carried out.

LEARNER MODEL

| General Info

|<— Characterized by T

Characterized by —>| In Course Behavior |

| Cultural Characteristics |<— Characterized by

|<— Characterized by

| Learning Style

(]
/H\
Use for studing Selected
| Confirmed |

Characterized by —>| In Test Behavior |

| Registered Devices | | Obtained Competencies | | Desirable Competencies |

RELATED CONCEPTS

Qualification Consists of —  Competency Checks

— o e

Is designed for

Is designed for

Contains

Fig. 1. Learner-centric ontology
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Fig. 2. Detailed model with attributes and relations of entries

2. Learner’s model

Lots of models for the learner and learning process
were presented by different researchers. For example,
domain ontology by P.Q. Dung, A.M. Florea designed
for application in a multi-agent e-learning system [11]
or the model by A. Garcia-Gabot, taking the learner’s
device into account [12]. But these models lack a com-
plex view of the learner, specificity of the e-learning
process, and domain modeling. The following ontology

model solves this problem (Figure ).

The full model describing the relations and attributes
of entities is the following (Figure 2).

The learner-centricity of this model is strongly as-
sociated with the idea of customer centricity in today’s
commerce, which is the key to business maturity'. As
e-learning is actually a business process with certain rev-
enues for both sides, it is obvious that learner-centricity
is an important step for general e-learning development
all over the world.

' “The journey toward greater customer centricity”, Ernst & Young LLP, 2013
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3. Individual learning trajectory

An individual educational trajectory (IET) — the plan
of study, taking into account preferences of the learner
in the final set of acquired competences, as well as his
penchant for specific forms of presentation of cognitive
objects and tasks, the different methods of research and
forms of expressing ideas depending on the conditions
of cultural and personal characteristics. The learner
should select learning courses or desired competencies
for building the IET. Every course may be character-
ized by a set of competencies according to the com-
petency classificatory mentioned before, the duration
and price. Moreover, the duration of some courses may
depend on the specific learner and the time to obtain
the same competency also varies in different courses.
In addition, qualifications (sets of competencies) may
be formed. Therefore, when a learner, for example,
selects the qualifications of an IT business analyst it
means he should get a number of competencies (busi-
ness process analysis, system analysis, process mode-
ling, etc.) and a list of required courses may be formed.
There are different ways to form this list: minimize the
number of courses, minimize the duration, minimize
the price, etc. The learner should also have the option
to select courses him or herself.

Thus, it is possible to base the mathematical model on
the goal of obtaining a set of n competencies in m cours-
es. For each competency comp there is a set of courses
which provide that competency ({c,,...¢;),1 <i <m; and
vice versa, for each course there is a list of competencies
it provides { postcomp, ,..., postcomp,),1 < i < n. Moreover,
for each course there are lists of pre-requisite competen-
cies (precomp,, ..., precomp,), 1 <i < n.

For each course there is a value 0 < A4 <1, which de-
fines the difficulty of passing this course depending on
the share of required pre-requisite competencies for this
course having been obtained before the start.

Times required for obtaining competencies may be
defined as

T=CT-(1-H), )
T,
where T =| ... | — time for passing courses;
Tm
ct,
CT = — common time for passing courses;
CcT

m

H
H= — difficulty of courses.
H

m

1

The total time of passing all the required courses de-
pends on the limit of courses to study at once, and the
sequence of courses. And as soon as the total time de-
pends on how prepared a learner is for each course,
maximization of cross-usage of competencies by learn-
ing courses is a perfect way to determine their sequence
and minimize the total time. This means that competen-
cies provided by one course should be used by another
one and so on whenever possible.

The total price of studying the courses depends on the
total time because of the fixed costs per unit time (FC)
like payment for an Internet connection, device amor-
tization, etc.:

PRTora/ = ZPR + FC ' TTaral, (2)
i=1
PR

1
where PR =
PR

m

— prices of courses.

Knowing the cultural specificity of a learner makes it
possible to predict probable difficulties during a given
course and even the probability of successfully passing
an exam. Prediction of probable difficulties is possible
because of:

4 analysis of whether the learner has required com-
petencies;

4 analysis of correlations between the learner’s cul-
tural specificity and required competencies;

4 analysis of how learners with similar cultural char-
acteristics passed this course exam,;

4 analysis of which learner’s behavior correlates with
successfully passing courses.

As an example of the last type of analysis, several
courses from combined HarvardX and MITx person-
course academic year 2013 de-identified dataset’> were
analyzed using linear regression with the behavior pa-
rameters listed above. In Table 1, the listed regression
coefficients define which behavior patterns are more or
less important for passing the course. All of them have
p-value below 0.05, which means that all coefficients
are statistically valuable. The coefficient of determina-
tion (R?) defines which percent of the results may be ex-
plained by the model.

Such analysis allows us to directly support learners
having probably the wrong learning style or at least to
inform them about possible problems and their reasons.

2 https://dataverse.harvard.edu/dataset.xhtml?persistentld=doi: 10.7910/DVN/26 147
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Table 1.

Regression analysis of behavior leading to successful passing courses

omase. | Mamier, | ket | ofcmurse | ke

with course | 2Ctivity views studied P

Introduction to Solid State Chemistry | 0.81 0.479 0.182 -0.237 0.462 -0.007

Introduction to Computer Science and Programming | 0.78 0.370 0.406 -0.162 0.240 -0.005
Introduction to Biology | 0.75 0.814 0.173 -0.328 0.164 -0.021

Electricity and Magnetism | 0.82 0.676 0.341 -0.243 0.104 -0.006

Mechanics Review | 0.84 0.467 0.050 -0.043 0.454 0.017

Health in Numbers | 0.74 0.624 0.070 -0.295 0.424 -0.017

Human Health and Global Environmental Change | 0.67 0.793 0.031 -0.286 0.236 0.015

4. Adaptation of learning content

A learning course may be represented as a number of
learning materials (multimedia or text documents). Eve-
ry learning material should be divided into blocks. The
block is an atomic part of learning material which should
be marked by the most suitable ranges of Hofstede’s cul-
tural dimensions (one, two or even all six dimensions for
very specific content) and index within material. Such a
concept allows us to construct the most viable variant of
learning material for a given learner. For example, if we
describe the case of a company’s success, the personal
impact of a great leader may be focused for individual-
ists, while statistical data may be focused for those who
avoid uncertainty, etc. When the learner opens a docu-
ment, it should be prepared by selecting the most suit-
able block for each index value or the default if no suit-
able block is found.

Moreover, the learning material representation inter-
face may be adapted, too. There are five key points for
such adaptation [9]:

<> metaphors — typical images used in design;

< mental models — models of real life trains of
thought, the use of which is stimulated when using the
site;

<> navigation — features of moving within web pages
and between them;

<> interaction — specificity of human-computer inter-
action;

<> appearance — design features: colors, shapes, lay-
out, sounds, the use of multimedia, etc.

Adaptation on most of these points may be automated.
For example, computer vision algorithms (such as Cap-

tionBot powered by Microsoft Cognitive Services) allow
us to automatically describe pictures.

5. Mathematical models
and algorithms

Application of the adaptive content concept requires
some mathematical models and algorithms. The first
task that must be solved is how to predict the possibility
of successfully completing the course.

For solving this task, it is possible to use historical data
on how learners with different values on cultural dimen-
sions passed the given course exams. Logistic regression
may be used for analysis of such panel data. The binary
logistic model is used to estimate the probability of a bi-
nary response based on independent predictor variables:

3

In this case, the binary response is success or failure in
a course. Analyzing the statistics of previous students, it
is possible to discover how important different param-
eters are for success in a particular course and use the
measures of this importance (regression coefficients )
multiplied by values for current student x to predict his
result. The logistic function (or sigmoid) is:

P{y=1|x} = F(x,X,,...,x,),ye {0,1}.

1 1

1+

F= 4)

Cl4e @

e—(@xl +60,x,+..+0,x,)

Regression coefficients should be identified for every
course using historical data about course completion as
a training set. From the machine time cost point of view,
it makes no sense to recalculate regression coefficients
after getting the result for every new student, since its
impact will be very low. For example, the HarvardX and
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MITx de-identified dataset of academic year 20133 con-
tains more than 640,000 entries (each represents one in-
dividual’s activity in one edX course) for only 13 learn-
ing courses.

The next task is sequencing of courses. As was men-
tioned before, this algorithm should be based on maxi-
mizing cross-usage of competencies by learning courses.
The depth-first traversal is the most appropriate algo-
rithm for this task. It may build an optimal sequence
from the list of courses and competencies they require
and provide. The advantages of this algorithm are sim-
plicity and avoiding the non-optimality of usual search.

The last top-tier task is forming groups of students
with similar characteristics. This process may have dif-
ferent goals: from forming the exact number of groups
within one course to forming groups according to one
or several characteristics. For different goals, it makes
sense to use different clustering algorithms such as
K-Means, DBSCAN or Mean shift. Full descriptions of
the algorithms may be found, for example, in [13].

K-means clustering

This method of vector quantization aims to parti-
tion n observations (x,, x,, x ) into k < n clusters
§={S,,5,....8,} based on the nearest mean:

k
argmin’y 3+,

i=1 xeS;

(&)

where 4, is the mean of points in S,.
Advantages:

1. K-means clustering is NP-hard problem, howev-
er, there are efficient heuristic algorithms. That makes
K-means faster than most of other clustering algorithms.

Disadvantages:

1. K-means clustering requires pre-defined number of
clusters.

2. K-means clustering has strong sensitivity to outliers
and noise.

3. K-means clustering doesn't work well with a non-
circular cluster shape.

DBSCAN (Density-based spatial clustering
of applications with noise)

This algorithm groups points that are packed in space
closely (have many neighbors), marks points that lie

alone as outliers (low-density, nearest neighbors are too
far away). DBSCAN is one of the most cited in scientific
literature*.

Advantages:

1. DBSCAN does not require a pre-defined number of
clusters, opposing to k-means.

2. DBSCAN is able to find clusters of any form.

3. DBSCAN is robust to outliers.

4. DBSCAN requires only two parameters (¢ and the
minimum number of points required to form a dense re-
gion) and nearly ignores the order of entries being ana-
lyzed.

Disadvantages:

1. DBSCAN is not entirely deterministic

2. The scale and data must be well understood to cor-
rectly choose a meaningful distance threshold e.

Mean shift (mode-seeking algorithm)

This algorithm is a non-parametric feature-space
analysis approach for using discrete data for locating the
maxima of a density function, from which the data was
sampled. The mean shift algorithm is iterative and starts
with an initial estimate x:

z:)c,-eN()c
>

XK (x; —x)
)K(xl. -X) ’

(6)

m(x)=

X eN(x
where K is the weighted mean of the density in the win-
dow;
N(x) is the neighborhood of x (a set of points for which
K(x) #0).
The difference m(x) — xis actually called a mean shift.
Advantages:

1. The mean shift does not require a pre-defined
number of clusters, opposing to k-means.

2. The mean shift is able to find clusters of any form.

3. The mean shift requires only one parameter (the
size of the window).

4. The mean shift is well adapted for using a Gaussian
kernel.

Disadvantages:

1. Selection of a window size for the mean shift algo-
rithm is not trivial.

3 https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi: 10.7910/DVN/26147
4+ DBSCAN is on rank 41 within most cited data mining articles according to Microsoft academic search,

when accessed on: 21.08.2016
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Turning to the technical part, it is important to note
that a database is preferable for such service rather than
data storage, because the main type of queries will be se-
lection, not insertion of entries. Integration with existing
information systems (such as learning management sys-
tems of universities, etc.) may be realized via mediating
the replication layer and table triggers. Thus, any change
in one system may be replicated in a number of tables of
the other system. This makes it possible not to adapt the
service database’s structure for every integration.

Conclusion

Application of the adaptive content concept in the
described way may significantly improve an e-learning
process:

4 increase the apprehensibility of learning materials.
The process of e-learning does not provide such tutor
support as full-time education does; it is mostly an auto-
didactic process. Thus, it is very important to decrease the
psychological tension caused by feeling alone, having an
uncertain interface and unintelligible learning materials;

4 possibility to build an individual educational trajec-
tory;

INTERNET TECHNOLOGIES

4 possibility to form the learner’s competency profile.
Such a profile is also useful because, in fact, it is a ready-
to-use part of the CV.

Further problems to study are the following:

<> the need to prioritize the cultural dimensions dur-
ing formation of learning materials in the case of mixed
cultures (such as Chinese students studying in the USA
for a long time) and, consequently, the development of a
system of weighted coefficients;

<> problems related to differentiation of cultural
groups in the target audience (collaboration of repre-
sentatives of different groups, etc.);

<> the need to monitor the user’s satisfaction and to
make a forecast of changes in the user’s preferences on
the basis of data about users with similar parameters.

This publication is part of a series of works devoted to
the analysis of conformity of cultural specificity of tar-
get audience and methods of content and design adapta-
tion needed to ensure maximum comfort and ease of the
e-learning process for this audience. The result of the
entire work will be the development of a software envi-
ronment that facilitates the preparation and demonstra-
tion of content sensitive to cultural specificity. ®
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AHHOTanUA

B Hacros11ee BpeMst ppIHOK 3JIEKTPOHHOTO 00yYeHMST OBICTPO PACTET KaK B PMHAHCOBOM, TaK U B TeorpacnyecKoM
IJ1aHe. DJIEKTPOHHbIE 00pa3oBaTesibHbIE PECypchl BCE 4allle TMPUBIEKAIOT MYJIBTUKYJIBTYPHYIO ayIuTOPHIO,
CTaHOBSITCS AOCTYIHBI [UIS JIIOIEH C pa3IUYHbIM YPOBHEM 00pa3zoBaHusi. B To e BpeMs B pa3iUUHBIX KyJIbTypax
CYIIIECTBYET CBOSI CrielM(rKa BOCTIPUATHS WHGMOOPMAIINU U Pa3IMYHbIe TMOIXOIBl K 00pa3oBaTeIbHOMY TIPOIIECCy.
JaHHasi paboTa TOCBsllleHA WJUTIOCTPAIIMM BO3MOXKHOIO pELIeHUs] Ui alanTallid KOHTEHTAa 3JIEKTPOHHOTO
00pa3oBaTeIbHOTO pecypca Ui MYJIBTUKYJIBTYpHOU aynuTopun. OMucaHHOE pellieHre OCHOBAHO Ha TPUMEHEHUH
KOHIICTIIIMY aNalTUBHOIO KOHTEHTa [UIsl TOCTPOSHMS WHAMBUIYaJIbHOW 00Opa30BaTe/IbHOM TPaeKTOpUM U
MOJITOTOBKY KOHTEHTA B COOTBETCTBMM C MHIMBUIYAJTbHBIMU KYJIBTYPHBIMU OCOOEHHOCTSIMU OOYYalOLIUXCS U ero
KOMITETEHIIUSIMU (MMEIOIIIUMMUCS 1 JKEJTAeMbIMMU ).

B xonme wuccrnemoBaHusi Oblla pa3paboTaHa MoIenb OOpa30BaTEIbHOTO TMpoliecca, OPUEHTUPOBAaHHAs Ha
KOHKpETHOro ofyuarolerocst. B cratbe npeacraBieHbl KaK MOIEIb BEPXHETO YPOBHSI, TaK U JETalM3UPOBAHHAS
Momenb. B craThe Takke ONMMCaHbl OCHOBHBIC MPWHIUITEI (DOPMUPOBAHUS WHIWBUIYAIBHON 0Opa3oBaTeIbHOM
TPaeKTOpUM HA OCHOBAaHUU MMEIOLIUXCS W KelaeMbIX KOMIETEHLMI TOJIb30BaTeNsl U CTATUCTUUECKUX HaHHBIX
0 ero cTwie obyJyeHus. B kauecTBe MeMOHCTpallMM BO3MOXHOCTU TIPUMEHSTh UCTOPUYECKUE TaHHBIE O TOM, KakK
00pa3oBaTeNbHbI CTUJIb BIMSET Ha YCIEIIHOE 3aBeplIeHHE Kypca, MPUBEACH CTaTUCTUUYECKUI aHaIu3 TaHHBIX
00 M3yYyeHUU CTyOeHTaMH ceMu KypcoB Ha tardopmax HarvardX m MITx B teuenunm 2013/14 yyeGHoro roma,
MMOKAa3aBIIMI CTATUCTUYECKYIO 3HAUMMOCTbD 1I€JI0Tr0 psifia mapameTpoB. Takxke B paboTe MpPencTaBiIeHO CpaBHEHUE
AJITOPUTMOB, TPUMEHMMBIX JJIs1 OLIEHKU BEPOSITHOCTH YCIIEIIIHOTO 3aBepIIeHUsI Kypca 00ydJaroIuMCs B 3aBUCUMOCTH
OT €ro CTWJISI O0y4eHMUsl.

KiioueBbie ciioBa: 371eKTPOHHOE 00yYeHUE, KPOCC-KYIbTYPHBI KOHTEKCT, MATeMaTH4eCKOe MOJICJTMPOBAHME,
BeO-pa3paboTKa, MHAMBUIYaTbHas 00pa3oBaTebHasl TPAeKTOPHsl, 00pa3oBaTe/IbHASI aHAJTUTUKA.

IMuruposanme: Aldunin D.A. Application of the adaptive content concept for an e-learning resource //
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Abstract

Nowadays peer assessment is recognized as a crucial part of a wide range of active learning routines.
Nevertheless, practitioners and educators speak of the complexity and high resource consumption for the
implementation of this type of assessment. Undoubtedly, convenient software that supports peer assessment
processes may substantially raise productivity of its participants.

A review of educational literature and free software shows there are several bottlenecks in the business processes
of peer assessment and key user roles. First, most of the programs examined are web-based and expand a set of tools
for teachers and learners by extra interfaces. Moreover, this logically creates a new branch in the learning business
process. Second, there is probably no peer assessment system which allows users to attach something other than the
text to be reviewed. There is a gap in the market of free peer assessment software. This paper offers a peer assessment
system specification that attempts to eliminate these disadvantages in order to improve user experience and thus
increase the use of information technologies in peer assessment. The specification is based on a thorough description
of the peer assessment process involving complex artifacts and double-blinded peer review. Software called PASCA
(peer assessment system for complex artifacts) is introduced to illustrate the specification achieved. PASCA uses
habitual e-mail services and does not affect other business processes. It supports standard features like blinding and
randomization, and it provides a set of original features. They contain evaluation of arbitrary artifacts, creation of
complex peer review forms with their validation and scoring, and easy analysis of data from peer assessment sessions.
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Introduction

ormative assessment has settled as a powerful, ef-

fective, and well-proven active learning approach

in the modern world [1, 2]. This type of assess-
ment involves students in educational planning and pro-
vides them with criticism, which students may treat as
a guideline or an algorithm in their next steps in learn-
ing. That is the reason why questions related to forma-
tive assessment are widely studied and discussed by ac-
tive learning practitioners in various fields of knowledge
[3—6].

Peer assessment is widely applicable to the practice
of the active learning technique. It is also well known
as a powerful, and probably the most popular means of
formative assessment [7—9]. For the sake of clarity, in
this work we define peer assessment as a learning pro-
cedure for evaluation in which students review each
other’s works, evaluate them according to earlier formu-
lated criteria, and provide feedback.

In fact, formative assessment partially causes the evo-
lution of collaborative and cooperative assessment tech-
niques [7, 10] in both traditional and computer-based
types of learning, such as blended and computer sup-
ported collaborative learning (CSCL). A number of peer
assessment systems (PAS) were introduced in different
learning management systems (LMS), e-learning and
massive open online courses (MOOC) platforms. Expe-
rience of applying PASs which support users’ interaction
during peer assessment has been documented in a great
many academic works [3, 11, 12].

The authors have conducted a review of educational
literature in order to summarize the results of these
works. The review shows high interest in peer assessment
from scientists and practitioners from different fields.
Thus, the first group consists of educators at various
levels who focus on descriptions of the peer assessment
process, their validation and verification [7, 8, 13]. The
second group is interdisciplinary and unites specialists
who are engaged to educational software development
(e.g., business analysts, programmers, designers). The
specific interests of this group in the context of peer as-
sessment are analysis of educational business processes
and their optimization, software requirements specifica-
tion (SRS) design and other questions of the develop-
ment of PASs [14—16].

Despite the fact that business process analysis plays a
great role in software construction and development es-
pecially in such complicated area as education, an ex-
plicit software requirements specification (SRS) for a
PAS seems to be missing.

36

Actually, educational process of different levels is
well studied and classified [17]. This paper aims to in-
troduce SRS for a modern PAS, which follows from
the analysis and formalization of peer assessment proc-
esses.

1. On the place of peer assessment
in educational business processes

By now, peer assessment as a form of formative as-
sessment has a rather short but rich history. In different
countries and knowledge areas, educators have conduct-
ed experiments and described studies connected with
peer assessment implementation [2], efficiency [18],
scaling, etc. Being interested in PAS development, we
have generalized the works suitable to collect software
requirements and to understand peer assessment proc-
esses in this section.

Several review papers by the leading scientists in the
field of education published between 1995 and 2015
were taken into consideration. It seems that almost all
the research mentioned above has been reviewed and
analyzed in detail from different points of view in these
works.

In 1998, Topping [13] enriched the body of reviews
about active forms of assessment with a review on peer
assessment literature specialized in higher education.
The review studies 109 research papers which were
published between 1980 and 1996. Topping probably
was the first one who systematically reviewed and
generalized the results about reliability and validity
of peer assessment in higher education. Unlike oth-
er reviews taken into consideration in this paper, his
work underlines the significance and the necessity of
participants’ matching and randomization within the
peer assessment process. An important requirement
arises from this result. A flexible peer assessment
system should implement high quality algorithms of
randomization.

Dochy et al. in 1999 reviewed the quantitative studies
on active forms of assessment (self and peer assessment)
and covered the period from 1987 to 1998 [8]. Based on
the results of analysis of more than 60 research reports,
the authors suggest guidelines on self- and peer assess-
ment. They underline the great formative role of peer
assessment and the significance of clear, predefined as-
sessment criteria. Moreover, this work draws attention
to the need to provide support to students during the as-
sessment processes. Since the work does not focus on
technical details, no method of automating the support
is proposed.
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A year later, in 2000, Falchikov and Goldfinch pre-
sented a meta-analysis of comparative studies conduct-
ed from 1959 to 1999 and concerned with comparison
of the marks which were gained from peer-assessment
and from a teacher [7]. Detailed analysis of 96 qualita-
tive and quantitative studies confirms wide abilities of
peer assessment implementation in different areas with
students of different levels. In addition, the authors
recommend practitioners to follow the design and the
implementation reported in the study. Falchikov and
Goldfinch also emphasize that only formative feedback
is appropriate to peer assessment processes.

In 2010, van Zundert et al. [10] issued a complex re-
view of peer-assessment efficiency. The review deals
with 26 empirical studies selected from several data-
bases and published between 1990 and 2007. The paper
reports high psychometric quality of peer-assessment
procedures and generalizes the results of studies con-
firming a positive correlation between peer-assessment
and learning outcomes in different domains. The main
advantage of the review is that van Zundert et al. ap-
proved peer-assessment applicability to courses of dif-
ferent specializations [19]. The paper also cited a study
described the computing course integrated with a peer
assessment system [6].

In the same year, Kollar and Fischer [20] introduced
a review which concerned the cognitive facilities of
peer assessment, and also partly described peer assess-
ment process modeling. These results allowed us to
consider that the actors of a peer assessment process
are defined as an assessee and an assessor. The assessee
sends his work to be evaluated, and the assessor evalu-
ates the work received and gives a formative feedback.
In PASCA, instead of assessee and an assessor we use
correspondingly a submitter and a reviewer. Moreover,
a student generally plays both these roles when partici-
pating in a peer assessment.

The next review valuable for our study by Nulty [9] was
published in 2011. The author introduced a representa-
tive body of literature which examined peer-assessment
application in first-year courses. Though Nulty does
not give any practical recommendations on using peer
assessment in universities, he formed an academic
basis for its unhampered application to the first-year
courses. This opens prospects for software adoption in
first-year courses which are relatively massive.

Summarizing all of the above, we may conclude that
a large amount of work has been done in the field of
peer assessment investigation and implementation. The
body of literature presented above has already helped
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us in collecting requirements and defining the roles for
PASCA. As an intermediate statement, the functional
requirements should include: sending and receiving
feedback between participants and administrator of
PA, randomization of reviewers.

2. Computer supported peer assessment:
challenges and solutions

Over the years, computer-based PAS have paved
their way to be used in learning activities on a daily
basis by different institutions. Evidently such systems
have become especially popular in computer program-
ming education. In this field, among other advantages,
peer assessment familiarizes students with practices
used in the profession (e.g. code inspection, reflective
practice).

Generally, the most of widely spread PASs are either
incorporated into utilized LMS, or web-based. These
options guarantee that every participant of the PA
process can easily access the system.

Most systems implement different grading algorithms
based on weighting marks which are awarded from dif-
ferent reviewers and/or task assigner. Key differences
comprise providing specific functionality, such as: ano-
nymization; randomization; support for complex arti-
facts; means of communication between submitter and
reviewer, feedback; conditional actions (e.g. informa-
tional messages based on deadline time or on number
of acquired submissions).

Typical examples of PASs in use to date are presented
in Table 1. Some of the mentioned systems are the out-
comes of scientific studies that examined the PA proc-
ess.

One of the first successful implementations of a com-
puter-based PA assistant — NetBeans — was described
by Lin, Liu, Yuan et al. [19]. Among software-related
studies, extensive research has been carried out on
practical advantages of PA during educational process.

Another example of a web-based PA assistant is
SPARK. It was introduced by Freeman and McKinzie
in 2002 [21]. The system focuses on group projects with
an assignment evaluated by each group member.

A similar approach is found in WebPA system [15],
which was developed at the Centre for Engineering
and Design Education at Loughborough University.
This system aims to leverage bias in reviews conduct-
ed by different students, the teacher and during self-
assessment. A notable difficulty of integrating WebPA
is the necessity to deploy a web-server installation to
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be accessed by PA participants. A similar installation
process is required by MyPeerReview, the result of in-
vestigation described by Hyyrynen, et al. in 2010 [16].
The development was initiated due to interest in the PA
process. Preliminary tests showed students’ positive at-
titude to PAS and issues future work.

As a way to free users from server-side installation
work, Hamer and colleagues designed and support
the web-based system Aropd [22]. This system is ready
to be used via a web-interface after registration. The
system supplements education in several institutions
world-wide.

Long-term research into studio-based interactive
learning has led to the development of the Online Stu-
dio-Based Leaning Environment (OSBLE) introduced
in 2010 by Hundhausen, et al. [14]. The study proved
that PAS improve students’ involvement and the ef-
ficiency of the PA process. OSBLE is specialized in
source code review, specifically optimized for Visual
Studio IDE interaction. This fact narrows the field of
application of this.

Since the beginning of the 21st century, user expec-
tations concerning software have risen substantially,
as has the level of technologies used in development.
Thus, it is important to investigate modern solutions
for developing a PAS. For instance, the well-known
LMS Moodle delivers a Workshop module that as-
sists in a PA process without the need to install ex-
tra software or even switch to another tab in the web
browser.

Current solutions exhibit a high barrier to entry: in
order to use a PAS, teachers almost inevitably need to
contact an IT-department for a proper server installa-
tion. An LMS-based PAS lessens this problem in case
LMS is already being used in the course, however even
module installations may require assistance.

Although modern technologies allow embedding
links to complex objects of any type using cloud serv-
ices, it is very convenient to be able to exchange files
right in a PAS. Moreover, means of communication are
especially vital in case of double-blinded peer assess-
ment. Table I allows us to compare the main properties
of the solutions mentioned.

3. Application field analysis
3.1. Main concepts of a peer review process

Here we define Peer Assessment (PA) as an assessment
procedure organized in the form of a randomized Peer
Review (PR) of arbitrary artifacts treated as results of an
assignment with previously formalized assessment cri-
teria. The process of PA of a single assignment is called
PA session. The main roles of the PA process:

1. Teacher — any organizer or manager of a PA process
with full access to a PA data objects.

2. Student — any trainee who participates in a PA ses-
sion.

3. Initial Author — a student who was registered as fu-
ture Submitter in a PA session.

Table 1.

Comparative table of some obtainable PASs

WebPA

Ships as

Web-based,

Server deployment required,

Open-source

Artifacts

Not supported,
Artifact submis-
sion is to be held
externally

Anonymization

Randomization

Communication
and feedback

Feedback,
Justification comments

Extra features
and comments

Intelligent algorithmic mark
calculation,
Powerful but complicated tool

MyPeer-Review

Web-based,
Server deployment required

Submission should
include external
links

Current development status
not clear

Moodle

Moodle provides wide

Workshop Moodle LMS module Complex + + | Private messages extensibility
Aropd Web-based Text only + + | Submitter-reviewer Dialogues | Supports review of reviewers
0SBLE+ Visual Studio IDE Plugin, Source Code N ; Author rebuttal sessions, Inline code review, Advanced

Web interface

Discussion feed

rubric editor

*) Each group member grades all other members (by design)
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4. Submitter — a student who creates an artifact and
submits it to a PA session.

5. Reviewer — a student who writes a review and sends
a complete PR form to a PA session.

Main PA data objects:

1. PA parameters — a set of formal parameters for cur-
rent PA session.

2. PR form — a table that specifies fields in a review
for some type of an artifact. Ideally, a PR form contains
clear description of fields and supports basic value vali-
dation. It should also contain a text field called free com-
ment for immediate unformalized feedback.

3. Submission — a complete artifact, submitted by a
Submitter into a PAS as a result of the assignment in the
current session.

4. Review — a complete PR form received from a Re-
viewer.

5. Feedback — additional information from a Student,
different from Submission and Review.

Some remarks about the main concepts and terms:

1. In our case of PA, we suppose that a set of Reviewers
is equal to or less than a set of Submitters in terms of sets
theory. It is easy to divide these sets for other schemes
of PA.

2. We use separate verbs Submit and Send/Broadcast
to distinguish actions on the stage of collecting artifacts
(submissions) and in several other situations.

3.2. Business processes
of a PA Session

The five main stages of a PA session are described in
Table 2. After analyzing a process of a PA session, we
found phases in which automation of teacher’s work can
be most efficient.

Table 2.
PA session stages

: ‘ Title ‘

Initiation
event

Finalization
event

1. | Preparation

Create a PA session

Complete a PA
session configuration

9 Collecting
" | submissions

Broadcast assignments
to Initial authors

“Submission_end”
deadline

3. | Collecting reviews

Broadcast artifacts
to Reviewers

“Review_end”
deadline

4 Analysis of PR
* | results

Gather final Reviews

“Result_message”
deadline

5 Session feedback
" | (additional stage)

Send first feedback
message

End of a course/
education cycle

BUSINESS INFORMATICS No. 4(38) — 2016

Figure 1 shows PA processes from a Teacher’s per-
spective using a Business Process Model and Nota-
tion (BPMN 2.0). It is the most general representation
without technological details, i.e. without the lane of
PAS.

3.3. Main use cases

According to the BPMN diagram (Figure 1), we can
populate the list of main PASCA use cases (from a
Teacher’s perspective, by the mentioned stages of a PA
session).

1. Preparation stage:
a. Prepare an assignment (a task description file).
b. Prepare a PR Form with validation rules and
assessment criteria (rubrics).
c. Prepare a source list of PA participants (Initial
authors) and their e-mail addresses.
d. Fill in the parameters of a PA session and a sched-
ule.
e. Anonymize participants and build a randomiza-
tion scheme of PR with an initial mapping between
Submitters and Reviewers.

2. Submissions collecting stage:
a. Broadcast a task description file (assignment) to
the Initial authors.
b. Gather Submissions from the Initial authors.
c. [Optional] Remap Reviewers based on missing
Submissions.

3. Reviews collecting stage:
a. Send PR Forms to the Reviewers.
b. Gather Reviews from the Reviewers.
c. Calculate final marks and check status of all PA
participants.

4. PR results analysis stage:
a. Send results of the PA session to the Submitters
(or all the Initial authors).
b. Gather additional feedback from the Submitters.
c. Build a final report of the PA session.

5. [Optional] Permanently available actions:
a. Check a mailbox availability and working capac-
ity.
b. Archive a mailbox and PA session data.
c¢. Check status of Submissions and Reviews.
d. Broadcast information letters and feedback.

3.4. Software requirements

Based on the weakest links identified during the analy-
sis of PA processes and the review of existing PASs, the
desired requirements are formulated.
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1. PAS should support:

a) complex artifacts as submission content (like source
code, design documents, complete software projects,
etc.);

b) complex PR forms, which should be easily updated
and changed,;

c¢) automatic PR form validation;

d) automatic tentative (coarse) assessment of Artifacts
based on Reviews.

2. A Student should not learn to use any additional
software (we suppose that now everyone uses e-mail and
an office suite).

3. A teacher should be able to tightly integrate PAS
into the common IT infrastructure of a university.

Other functional requirements for the use cases listed
above:

1. Importing lists of students (Initial authors) with e-
mails from external sources.

2. Automated delivery of a task description (assign-
ment) file converted into PDF format.

3. Support of various e-mail addresses for one student.
4. Basic anonymization of artifacts.

5. Blinding of participants to support a single- and
double-blinded review process.

6. Randomization of reviewers.

7. Preparation of PR forms, independent from other
PA activities.

8. Automated assessment procedure by PR forms
processing after review process.

9. Generating reports about submissions status, re-
views status, and final assessment results.

Main non-functional requirements:
1. Use only standard Microsoft Office components.

2. Support any IMAP-compatible mailbox as a “server
side”.

4. Software design
and functionality

PASCA was designed to use the Microsoft Office
2010-2016 or Office 365 on a Teacher’s computer. In-
volved components of the Office suite are Excel, Out-
look, and Word. The optimal mail server is Microsoft
Exchange (2010 or higher), though PASCA supports
any IMAP-compatible mailbox. At present, the project
has been fully tested in:

1. Microsoft Windows 7, 8.1 and 10 operating systems.
2. Microsoft Office 2013, 2016 and 365.

3. Mailboxes in Google (http://mail.google.com) and
Yahoo! (http://mail.yahoo.com) free mail services.
The main metrics of the project are relatively low

PASCA Worksheet
( )
. . ion: F:\Work\PRI\PRI-2016-01.xIsx Select
Session preparation Current session: ]|
s )
Open Preparg Randomize Broadcast Main options
- authors file ; :
authors file authors file task file
structure
Mail account: | XXX_Robot@gmail com |
\\
( ) Inbox folder: | XXX_Robot@gmail.com\Inbox |
Submissions check
Archive folder: | XXX_Robot@gmail.com\TeachersSchool2016 |
Map . . Check mailbox
Download submissions Broadcast PR forms to Adaptive randomize: ]
submissions p— reviewers
Pack submissions:
\\
4 )
Reviews check
\\
Download Generate Broadcast review results to
reviews PR reports authors
\\
\\
Main History Tools

Fig. 2. Layout of a main worksheet in the PASCA workbook
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(about 2400 lines of source code), because the most of
low-level tasks are implemented and executed by the
components of the Microsoft Office Suite. We use Excel
as an application host (Figure 2), a main data storage,
and a report builder (the following illustrations in full
resolution can be found at https://bitbucket.org/Siberi-
anShaman/pasca/wiki/ScreenShots).

PASCA focuses on main scenarios of a PA process
from a Teacher’s perspective. The software architecture
ensures a high level of PA materials (Authors lists, PR
forms, reports) reuse.

4.1. PA session events
and authentication of participants

A mail-based PAS evidently relies on an e-mail in-
frastructure [23]. PASCA uses a certain mail-box for
communication with participants of a PA session. This
mail-box (i.e. e-mail address) may be changed between
sessions, but must be constant throughout a session.
All the auto-generated messages from this mailbox are
signed by the “Peer Review Robot”.

MS Outlook is used for all mailbox management
tasks. This means that a Teacher needs to set up an
Outlook account and specify the address in PASCA
settings. This solution may be treated as a drawback,
but the result is very handy because of useful additional
tools available in Outlook. Options to change a mail-
box account and a mailbox folder used for processing
e-mail messages are provided.

There are two main types of events in PASCA: facts
of an e-mail message send and delivery with times-
tamps generated by an e-mail system. It is significant
that any student may use a secondary e-mail address on
a submission stage in addition to a primary e-mail ad-
dress that is fixed in an Initial authors list. The primary
and secondary e-mail addresses of each participant are
checked for compliance on the following stages of a PA
session. All the data objects at the moment of the event
are represented as attachments in the corresponding e-
mail messages.

4.2. PA session workbook

Each PA session is represented by one excel work-
book. The first worksheet of the workbook is a list of
Initial authors, the second — PA session parameters?,
the following — a randomization scheme, a Submis-
sions status, status of Reviews, and various reports.
Thus, most of data about a PA session are available in a

2https://bitbucket.org/SiberianShaman/pasca/wiki/ScreenShots
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PA session workbook and all that data can be analyzed
and visualized by standard Excel tools.

We suppose that a Teacher has a list of students and
their e-mail addresses. In very rare cases, the Teacher
should additionally check the correctness of this list.
For example, we faced a problem with letter “€” of the
Russian alphabet, which can be interchanged with “e”
in student’s name. In the current version of PASCA this
case is handled automatically.

4.3. Anonymization
and randomization

Each Initial author — and, therefore, Submitter and
Reviewer — constantly has a random unique 6-digit
identifier (ID) from the range [100000—999999] and
each PR form has a random unique 7-digit ID from the
range [1000000—9999999]. Thus, the ranges of Partici-
pants IDs and PR forms IDs do not overlap. After build-
ing a PA session workbook from an Initial authors list, all
subsequent actions use those I1Ds.

Several randomization schemes and algorithms were
taken into consideration in an attempt to randomize
Authors and Reviewers. At first, a basic non-adaptive
algorithm is used for standard randomization of all
authors2. It is based on the classical Richard Dursten-
feld permutation algorithm [24] with checking for non-
equal submissions assigned for one Reviewer.

At second, a more interesting adaptive algorithm is
used for a uniform workload of the Reviewers, which
takes into account missing submissions. We continue
experiments on different randomization schemes.

4.4. Peer review form creation,
validation and assessment

A peer review form (PR form) is the main data
object from Reviewer’s point of view. A separate
Excel file embodies a PR form that supports a multi-
field review, complex assessment rules, and a validation
scheme?2. The first row of the first worksheet contains
PR form 1D, a PA session textual 1D (that helps a Re-
viewer to match PR form and assignment), and a com-
mand button that checks the validity of values entered
in the form.

The parameters page in a PA session workbook con-
tains a link to the PR form used and the number of
fields in the PR form.
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5. Pilot adoption and PASCA
improvement process

Relying on the results of Nulty [9] and van Zundert et
al. [10], we suppose the applicability of peer-assessment
to introductory programming courses was sufficiently
approved. So, the adoption of the PASCA prototype was
encouraged in the Fall semester of 2015-2016 academ-
ic year during an introductory programming course at
the Faculty of Computer Science of National Research
University Higher School of Economics. Software en-
gineering bachelor students (58 in total) were engaged
in three PA sessions. 48 students took part in an anony-
mous post-course survey. The survey among the others
contained questions on students’ experience with PAS-
CA. More information about the post-course survey, the
results and their discussion may be found in [25].

The authors have shared the PA practice with col-
leagues and have removed some shortcomings discov-
ered by the early adopters. For now, we are working on
the following improvements.

1. Integrating PASCA with a new Microsoft Office 365
technology stack.

2. Rewriting the notification system. If the current
version of PASCA uses an external IMAP mailbox, there
are no automatic notifications at all due to the unavail-
ability of callback functions on the server side.

3. Helping reviewers with a preliminary artifact veri-
fication. PASCA should be able to validate general ar-
tifacts or some known types of artifacts, for example,
check a file size or compile a source code.

4. Adding adaptive randomization schemes.

5. Increasing blinding quality in small groups of stu-
dents. This problem is linked to an additional anonymi-
zation of artifacts. Thus, we will try to implement a basic

check for the presence of personally identifiable infor-
mation.

6. Adding some analysis and reports for cheating pre-
vention.

Conclusion

This paper has presented a systematic attempt to
optimize business processes of peer assessment in ed-
ucation. We have introduced SRS for a modern PAS
and have specified them to a mail-based peer assess-
ment system. Moreover, this paper has introduced the
Mail-based Randomized Double-Blinded Peer-assess-
ment System for Complex Artifacts (PASCA), which
has been developed according to these requirements.
Using this system, participants of educational proc-
ess (teachers and learners) are not required to master
a new business process or to use or set up any addi-
tional software except for the standard e-mail system.
Furthermore, PASCA supports assessment of artifacts
of any type, blinding and randomization during a peer
assessment session, complex PR forms with automatic
validation and scoring.

Currently, PASCA provides all the functionality de-
clared in this work. Moreover, the system was success-
fully adopted in the introductory programming course
for the first-year software engineering bachelor stu-
dents. The feedback which was gained during the adop-
tion dictated the directions of the work for the near
future. PASCA will be improved by adding additional
notifications, data validators, and adaptive randomiza-
tion algorithms.

Finally, PASCA is claimed to be an open-source project
and now it is freely available at the Bitbucket repository
(http://bitbucket.org/SiberianShaman/pasca). m
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AHHOTAaIUSA

BzanMHOe olieHMBaHWE — BaXkKHas 4YacTh OOJBIIMHCTBA COBPEMEHHBIX YYEOHBIX TEXHOJOrWil. BHMMaHme
K 3TOMY METOIY MOCTOSTHHO PAacTeT, MPUYEM HE TOJIbKO KaK K BapWaHTy MPOILEIyphl OLIEHUBAHUS, HO M KaK K
npoleaype TOAy4eHUs] WHMOPMATUBHONW OOpaTHOM CBSI3M M TEXHUKE Pa3BUTUS BaXHEUIIUX CUCTEMHBIX
KoMIeTeHInii. OTMETUM, YTO OOJBIIMHCTBO IPAKTUKOB OTMEYAIOT BBICOKYIO CJIOXHOCTb M PECYPCOEMKOCTh
BHEIPEHMSI 1 UCITOJIb30BaHMUSI B3aMMHOTIO OLIeHUBaHuUsI. BeccrmopHo, 4To mmoaxosiiee IporpaMMHOE 00eCIIeYeHuE,
aBTOMATU3UPYIOIIIEE IIPOLIECCH B3AMMHOI'O OLIEHMBAHUSI, MOXET CYILIECTBEHHO YIIPOCTUTh BHEAPEHME U IIOBLICUTh
3(pPeKTUBHOCTDb 3TUX MPOLIECCOB.

06301) JIMTEPATYPhI U CYLIECCTBYIOIMX ITPOIrPaMMHBIX pCHJeHV[ﬁ TIO3BOJIACT BbISIBUTH HECKOJIBKO «Y3KHMX MECT»
B (pyHKHMOHaJTbHOCTI/I W B3aMMOAECUCTBUU C ITOJIb30BATEJIEM. BO—HCpBBIX, OONBLUIMHCTBO CHUCTEM SIBJISIIOTCS
HE3aBUCUMO pa3BE€PThIBACMbIMUA Web—CJ’[y)KﬁaMI/I, 4YTO paciuupdacT Ha60p WHCTPYMCHTOB rlpenonaBaTenef/‘I u, 4TO
Oonee BaxHo, 06Y‘IaeMLIX. Takxe aT0 Tpe6yeT OTACIBbHBIX TEXHOJIOTUYCCKUX LHEITOYCK IJIA IMMOAACPXKKHU ITPOLIECCOB
B3aMMHOI'0O OLICHUBAHUA U 3aTPYAHACT MHTETPpALIUIO 6I/I3H6C—HpOL[6CCOB. BO—BTOpBIX, aBTOpaMM HE 06Hapy>KeH0
,E[OCTyHHOf?I OecrniaTHOM CUCTEMBI, B KOTOpOﬁ MOXHO OLI€HMUBATb apTC(I)aKTbI, OTJIMYHBIC OT TCKCTOBOI'O JOKYMECHTA.

B cratbe paccmaTpuBaroTcs TpeOOBaHUSI K COBPEMEHHON CHCTeME IMOMIEPXKKM B3aMMHOIO OLIEHMBAHMS,
KOTOpasi cMoria Obl HIMPOKO MCIOIb30BaThCs NMpenonapaTeasMu. [locie aHanusza 6u3Hec-MpoIeccoOB B3aMMHOTO
OlIeHMBaHUs aBTOpaMU Oblj1a pa3paboTaHa OpUTMHaIbHAsA TpOrpaMMHasi CUCTeMa, MoyuyuBIas Ha3BaHue PASCA
(peer assessment system for complex artifacts). [IpogyKT UCITOB3YeT IPUBBIYHBIC CEPBUCHI SJICKTPOHHOM TTOYTHI K
He TpeOyeT M3MEeHEeHMST HUKaKuX Ipyrux OU3Hec-TpoileccoB obpa3oBaTenbHOU opranusanuu. OH obecrieynBaeT
CTaHAApTHBIE BO3MOXHOCTHU OCJIEIJICHUSI M paHIOMU3AIMK, a TAKXKe MMEET HECKOJIBKO BaXXHBIX MPEUMYIIECTB:
MOANEPKKY OLIEHUBAHUSI TTIPOU3BOJBHBIX apTe(haKTOB, CO3MaHNE CIOXHBIX OIIEHOYHBIX JJUCTOB C aBTOMATUIECKOMN
BaJIMAaIMeil ¥ TPOCTAHOBKOM OLICHOK, IMPOCTOM aHaIN3 JaHHBIX CECCUI B3AMMHOTO OIIECHUBAHUSI.

KiroueBbie €10Ba: ONTUMU3ALINSI OU3HEC-TIPOLIECCOB, B3aMHOE OLIEHUBAaHUE, KOJUTAOOPATUBHOE OOYYEHUE C KOMITBIOTEPHOIA
MOIEPKKOIA, aKTUBHOE O0YyUeHHE, 00pa30BaTEILHOE IIPOrPaMMHOE O0ecIieueHIE, PAHIOMU3ALIUSI, OCIIEIIEHHE.

Hurnposanue: Kolomiets A.I., Maksimenkova O.V., Neznanov A.A. On business processes of computer-supported
collaborative learning: A case of peer assessment system development // Business Informatics. 2016. No. 4 (38). P. 35—46.
DOI: 10.17323/1998-0663.2016.4.35.46.
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Abstract

The Jaynes’ information principle (formalism) advanced for the solution of problems of statistical
thermodynamics is applied to the solution of a task of assessing the fairness of a contractor who carries out
restoration work on a technical system by the method of replacing elements.

The task is the following. The customer possesses a fleet of similar technical devices (for example, cars)
certain elements of which are subject to planned replacement. According to the contract, such replacements
are carried out by a contractor. Spare elements of three types can be used: new original, new non-original and
restored elements. The contract specifies what percentage of spare elements of each type may be used. It is
difficult for the customer to check what type of element has been applied. However, for an element of each type
it is possible to calculate the average time before the next replacement will be required. The actual average time
between requirements for replacement is fixed by the customer.

Based on these data and with the help of Jaynes’ information principle, it is possible to find the most
objective probabilities of using elements of the various types. Having compared these probabilities with
restrictions specified in the contract, the customer draws a conclusion about the fairness of the contractor
and, if necessary, takes appropriate action. According to Jaynes’ principle, the most objective are probabilities
for which entropy according to Shannon reaches a maximum under the set of restrictions. Respectively, the
problem of finding their probabilities is simplified to a problem of finding the maximum nonlinear function
under the set of restrictions. In this article, the task is formulated mathematically and solved for a case of three

variables using the Lagrange method. Calculations for a real situation from the author’s practice are given.

Key words: maintenance, probability, entropy, Jaynes’ principle.

Citation: Maron A.I. (2016) Assessment of service quality for complex technical devices based on the Jaynes’
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Introduction

here are a great many tasks relating to deter-

I mination of the probabilities of states in which
some system is available at present, or was avail-

able in the past. However, it is practically impossible to
calculate or to determine these probabilities statistically.

For example, an organization carries out standard con-
struction projects. Each project consists of certain stages

BUSINESS INFORMATICS No. 4(38) — 2016

(phases) [1]. At the end of each stage a certain result,
for example, the base, walls, etc. is obtained. Delay of
a stage’s finish leads to delay of the end of the whole
project. In the company it is always known how much is
the delay of each project, and, as a rule, what are the rea-
sons for such delays. However, these data are insufficient
for determining relative probabilities of delays at various
stages. This is explained by the fact that the frequency
converges with probability rather slowly. Even in the case
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of standard projects, their number is usually not enough
for a valid justification [2].

Another example concerns railway transport, where
much attention is paid to increasing the reliability and
safety of infrastructure facilities directly related with
technological process of transportation of goods and
passengers. Among infrastructure facilities, an impor-
tant role belongs to railway automatic devices. Failures
of such devices are fixed and investigated, especially if
they lead to delays of trains. More attention is paid to
dangerous failures, which result, or could lead to crashes
[3]. In any case, a service department responsible to the
failure is determined. At the same time, there are inevi-
table discrepancies which significantly influence the re-
liability of conclusions. That is why it is extremely dif-
ficult to find relative probabilities of failures relying on
official statistics.

The examples show that the major factors which often
make the statistical definition of states of technical and
organizational systems impossible are insufficiency and
unauthenticity of source data.

1. Jaynes’ principle
and its capability

Definition of the most probable power states is one
of the most important problems of statistical thermo-
dynamics. Gibbs received a distribution of probabili-
ties for finding a system in an equilibrium power state
[4, 5]. The distribution received the name “Gibbs dis-
tribution” and, according to Feynman, it is “the top of
statistical mechanics” [5]. However, Gibbs’s approach
is extraordinarily difficult. E.T. Jaynes [6] advanced an-
other approach based on maximizing entropy according
to Shannon. The relationship between Shannon’s entro-
py and Boltzmann’s entropy, which is widely used at the
solution of problems of thermodynamics, is presented in
[5, 7].

Jaynes idea is as follows. Let us consider a system in
which the conditions cannot be calculated or measured
by an experiment. However, each state of the system
has a certain measured implication, the average value
of which is known (or can be defined), and the average
result of these implications is known from the statisti-
cal data. Then the most objective are probabilities of
states maximizing Shannon’s entropy under restrictions
imposed by information about average implications of
states.

Let us explain Jaynes’ principle on the examples
mentioned above. First, let us consider the situation
with standard construction projects. Using the network
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schedule, it is possible to calculate how much delays in
each phase will increase the time of the whole project’s
implementation. The appropriate calculations are usu-
ally carried out. Meanwhile, quite often PERT analy-
sis is applied, and sometimes the methods of simulation
modeling are used [8, 9]. Let us allow that the project has
n phases and the standard delay of an i-th phase leads to
the project delay for the period of 7. It is established that
the average delay of projects in the company is 7. Let’s
denote the probability of a delay of i-th phase through
p,- Then it is possible to write an equation showing that
the sum of » multiplications p, by T, is equal to 7. This
represents the restriction under which it is necessary to
find the distribution of probabilities at which the entropy
reaches its maximum.

In a similar way; it is possible to find the distribution of
probabilities of failure of railway automatic through the
fault of particular service departments. Moreover, the
task is reduced to the problem of maximizing Shannon’s
entropy. The consequences of the failures are the delays
of trains measured in hours (such data are always record-
ed on the railroads). Knowledge of the probabilities of
the undesirable states happening in the past allows us to
focus resources on reducing the probabilities of states in
the future which have the most serious consequences.

2. Substantial definition
of the problem of quality assessment
of technical device restoration

Let us give substantial statement of quality assessment
for works of restoring technical devices in the case when
restoration is carried out by replacement of elements.
The organization has a fleet consisting of a significant
number of similar technical devices. Each device con-
sists of a certain number of elements among which there
is an element which is worn out during its use. Its wear is
indicated by deterioration of a certain parameter of sys-
tem, the value of which may be measured. On achieving
a certain value of this parameter, the worn-out element
must be replaced with an operable spare element. Such
a maintenance strategy allows us to avoid failure of the
device [10]. For performing the replacement works, an
organization (hereinafter — the Customer), negotiates a
contract with a specialized organization (hereinafter —
the Contractor). There are three types of spare elements
that may be used for replacement: new originals, new
non-originals and restored elements. The contract spec-
ifies what percentage of spare elements of each type one
is allowed to use. It is difficult for the Customer to check
all the spare elements used for replacement. However,
the Customer records the times between requirements
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for replacement of worn-out elements for each device
served by the Contractor. Respectively, the Customer
knows the average time between requirements for re-
placement.

The Customer wishes to know how fairly the Contrac-
tor is executing the contract, particularly, whether the
Contractor exceeds the limits established for use of non-
original and restored elements.

3. Mathematical definition
of the problem of quality assessment
of the restoration of technical devices

The mathematical definition of the problem is as fol-
lows. A certain element of a technical device is repeatedly
replaced with an operable spare element. Three types of
spare elements are used: new originals, new non-origi-
nals and restored elements.

When using original spare elements, the average time
before the following replacement is 7, for non-origi-
nal spare element the time is #,, and for restored spare
elements — #,. The actual average time between replace-
mentsis 7.

We are required to define the shares of original, non-
original and restored spare elements in the total number
of replacements. After this, the shares are to be com-
pared with the figures, specified in the contract.

4. The solution of the task based
on Jaynes’ principle

It is required that we determine the probabilities of
transition of some faulty element to one of three states:
“replaced with an original spare element” (a spare el-
ement of the first class), “replaced with a non-original
spare element” (a spare element of the second class),
“replaced with a restored spare element” (a spare ele-
ment of the third class). Let us denote these probabilities
through p, p,and p,.

Then the average time between replacements (which is
known) can be expressed through average times between
replacements using spare elements of the first, second
and third classes:

T=p t+p,-t,+p-t. (1)
At the same time
ptp,tp,=1 (2)

According to Jaynes’ principle, the most objective are
those probabilities of states of the element for which,
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taking into account (1) and (2), Shannon’s entropy
reaches its maximum;

H(pl’pzapg)z_pl'lnpl_pz'lnpz_p3'lnp3_) max (3)

We will apply the method of Lagrange multipliers to
find the maximum of the nonlinear function (3) under
restrictions (1) and (2). After appropriate transforma-
tions, allowing exclusion of uncertain Lagrange multi-
pliers, we discover that determining the probabilities is
reduced to the solution of the system that consists of (1),
(2) and the following equation:

4

The system of the equations (1), (2) and (4) can be
solved by methods included in the Mathcad Prime
package. When the required probabilities are found, it
becomes possible to compare them with allowable val-
ues specified in the contract, and to make a judgement
whether the divergence is essential.

L=l uhi~h . ph—h _
b y23 by " =1

5. Example of calculation

The results of the study were applied in practice. Let
us give an example of calculations with real figures, but
without disclosing the names of the organizations that
are the Contractor and the Customer.

The Customer possesses a fleet of forty special cars
used for construction of the railroads. In each car there
is an important element which is subject to mechanical
wear in use. The failure model is different from the expo-
nential distribution of a time between failures with fixed
intensity. There is an opportunity to reduce the prob-
ability of sudden failure of an element, replacing it by
an obviously operable spare part. There are two possible
strategies of replacement: based on a state and based on
working hours of elements. Between them the first op-
tion is chosen, because the state of an element may be
determined by the deterioration in easily measured car
parameter. For replacement works, a contract between
the Customer and a specialized repairing organization —
the Contractor — is negotiated and signed. In the con-
tract, it is specified that the share of non-original spare
elements used for replacements should not exceed 15% of
all the replacements. For restored spare parts, such a limit
is established at the level of 5% of all the replacements.
The decision allowing use of non-original and restored
spare elements is explained by the expensiveness of the
original elements. For the Contractor, it is unprofitable
to keep too large a volume of original elements, and the
Customer does not wish to wait for delivery of such ele-
ments under an order. However, the concession is limited:
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the percentage of use of original spare elements should be
not less than 80%. If an original spare element is used,
the average time before the subsequent replacement is
12 months. For non-original elements, such period is 8
months, and for restored elements — 4 months.

In two years of operating the cars, after conclusion of a
service contract, it was discovered that the average time
between replacements of worn-out elements is 10.25
months. The customer was going to estimate how fairly
the Contractor applies the limits of use of non-original
and restored spare elements.

The calculations stated above were carried out using
Mathcad Prime 3.1 software (the appropriate license
was purchased by the Customer).

The following values for probabilities of use of spare
elements of the first, second and third types were ob-
tained: p, = 0.66; p, = 0.25; p, = 0.09.

Relying on the calculations, the Customer concluded
that the limits were not followed, so a claim was made
on the Contractor. The Contractor agreed with it and
promised to avoid such deviations in the future.

Let us note the following point. At exact values of the
limits, the average time 7| according to (1) should be 11
months. The fact that the actual value was equal to 10.25
months did not allow the Customer to make a convinc-
ing complaint. There was a doubt as to whether the devia-
tion was within admissible limits. Calculation of the most
likely values of probabilities of use of spare elements of
various types allowed us to get an answer to this question.

There is another interesting fact. At the calculated val-
ues of probabilities p,, p, and p, the entropy (3) is equal
0.844 nat. For the time of the values stated above, it is
the greatest possible value of the entropy under the re-

striction (1). The question arises: at what value 7 does
the entropy reach its maximum possible value for a
case of three possible states of a replaced element? It is
known that for fixed number of possible states of an ob-
ject, the entropy of a random variable called “number of
state” reaches an absolute maximum when probabilities
of object states are equal. In our case, the greatest pos-
sible value of the entropy H, = In3 = 1.1 nat. It will be
reached at 7} equal to the average value of times between
replacements of spare elements of different types. For
the data under consideration 7 is 8 months, and then

p,= p,= p,=0.33(3).

Conclusion

For many real organizational and technical systems,
there is an actual problem of determining probabilities
of their availability in different possible states, while it
is impossible to determine the probabilities by classical
statistical methods because of the insufficient volume of
source data or their low reliability. The Jaynes’ informa-
tion principle of determining the most objective prob-
abilities of states of a complex system relying on their
implications often helps to solve such problem. Using
Jaynes’ principle, the volume of required statistical data
decreases dramatically.

In the presented paper, with the help of Jaynes’ infor-
mation principle, the problem of assessing the fairness of a
contractor making replacement of wearing-out elements
of technical devices is solved. The system of equations for
determining the probabilities of using original, non-orig-
inal and restored spare elements is presented. The practi-
cal application of the approach showed the high reliability
of the results obtained and their practical usefulness. B
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AHHOTaINSA

HNudopmarmonnstit mpuHmn (popmanmam) [IxeliHca, TIPEIIOKEHHBIN U pelieHus 3a1a4 CTaTUCTUIeCKO
TEPMOAMHAMUKY, TPUMEHEH JJIsI peLIEHUsI 3aa4u 00 OLIEHKE T0OPOCOBECTHOCTH UCITOJTHUTEISI, OCYLIECTBIISTIOLETO
BOCCTaHOBJIEHUE TEXHUIECKOI CUCTEMBI METOJOM 3aMEHBI JIEMEHTOB.

[MocranoBka 3amaun BEIJISIIUT CIEAYIOINM 00pa3oM. 3aKa3uuK o0IagaeT 3HAYNTEeTbHBIM TTAPKOM OITHOTHUITHBIX
TEXHUIECKUX YCTPOMCTB (HaIpuMep, aBTOMOOWJICH), OIpele/icHHbIe 3JIeMEHTBl KOTOPBIX TOMIIeXaT IIaHOBOM
3ameHe. [1o moroBopy 3aMeHy B TJIaHOBOM MOPSIIKE OCYIIECTBIISIET UCIIOMHUTENb. [{7151 3aMeHbBI MOTYT UCTTONIb30BaThCS
3amacHbIe JIEMEHTHI TPEX TUTIOB: HOBBIE OPUTHHAIbHBIE, HOBbIE HEOPUTMHAIBHBIE U BOCCTAHOBJIEHHBIE. B moroBope
yKa3aHo, KaKOU MPOILEHT 3aMacHBIX 3JIEMEHTOB KaXIOTro TUIAa MOXHO HCIIONb30BaTh. 3aKa34YUKY 3aTPYIHUTETBLHO
KaXObl pa3 MpOBEpsITh, KAaKOW MMEHHO 3JeMEHT ycTaHoBieH. OmHaKo HIJIsl 3JIeMEHTa KaXAIOTrO THUIIA MOXHO
paccumMTaTh cpemHee BpeMs 10 HACTYIUIeHNsI MOMEHTa, KOTa moTpebyeTcs ouepenHas 3aMmeHa. DakTuiaeckoe cpeqHee
BpeMsI MEX1y TpeOOBaHUSIMU O 3aMeHe (PUKCUPYETCsT 3aKa3YMKOM.

Ha ocHoBe 3Tux maHHBIX ¢ ToOMOIUIbI0 MHMOpPMaLMOHHOTO MpuHLMNA JIXeiiHca MOXHO HaiiTu Haubolee
OOBEKTUBHBIE BEPOSTHOCTU WCIIONB30BAHUS WCITOJIHUTEIEM 3JIEMEHTOB pa3IMYHbIX TUIMOB. CpaBHUB 3TU
BEPOSITHOCTU C JIUMUTAMH, YKa3aHHBIMU B I0rOBOpE, 3aKa3YMK JeIaeT BBIBOI O JOOPOCOBECTHOCTU MCIIOTHUTENS
U, B CJlydae HEOOXOMMMOCTH, IPUHUMAET HeoOxonuMble Mepsl. B cooTBeTcTBIY ¢ ipuHIMIoM JxxeitHca, Haubomee
OOBEKTUBHBIMU SIBJISTIOTCSI BEPOSITHOCTH, TIPM KOTOPBIX 3HTponus 1o IlleHHOHY mocTuUraeT MakCHUMyma IpU
3alaHHBIX orpaHnyeHusix. COOTBETCTBEHHO, 3aaya UX HaXOXIECHUsI CBOIUTCS K 3a/auye HaXOXICHUST IKCTpeMyMma
HeMVMHeHO! (YyHKIIMW TIpU 3aJaHHBIX OrpaHWYeHUsX. B pabote ata 3amaua chopMynrpoBaHa MaTeMaTUIecKu U
peuieHa [1sl ciryqasi Tpex epeMEeHHBIX ¢ TOMOILIbI0 MeToa MHOXUTenel Jlarpanxka. [1puBeneH pacuet mis peaabHOi
CUTYyallMU U3 IPAKTUKH aBTOPA.
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Abstract

Evolutionary search methods are successfully used for deferent modeling and optimization tasks due
to their universality and the relative simplicity of realization in practice. However, a significant problem
of using them is related with premature convergence of the computational algorithm due to incomplete
exploration of the search space. This happens when all particles come into space of the first found, perhaps
local optimum and cannot get out of it. To solve the problem, it is necessary to develop control procedures
correcting movements of the individuals in the population.

This paper proposes a particle swarm optimization adaptive modification, permitting dynamic changes
to the particles’ trajectory to find more promising locations. The method is based on the opportunity to
change the displacement vector individually for each particle depending on previous iteration effectiveness.
For this purpose, procedures of direction choice and dynamic change of particle movement free parameters
are added in the proposed modification. As opposed to the canonic swarm algorithm version, where all
individuals converge on one particle with the best value found, in the new modification each particle chooses
its displacement direction independently and can change it if the direction will be identified as ineffective.
This approach makes it possible to reduce the probability of premature convergence of the algorithm and
to explore given search space better, all of which is especially important for the multimodal function with
complex landscape. The proposed method was tested on the standard set of test functions for continuous
optimization, and it showed high reliability with relatively small use of time and computer resources.

Key words: optimization, evolutionary algorithms, particle swarm optimization, premature convergence, adaptation
of the algorithm, hybrid algorithm.
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Introduction tasks include formation of the production program of

n the process of design studies of complex techni- the enterprise, the choice of equipment and produc-

cal and economic systems, we often see a task of an
optimal choice of those internal characteristics of | lection and assessment of risks of investment projects,
the system that describe its structure or behavior. These | and so on. To increase the effectiveness and speed of

tion technology, justification of layout diagrams, se-



MATHEMATICAL METHODS AND ALGORITHMS OF BUSINESS INFORMATICS

implementation of procedures of optimal search, one
develops a great number of methods, but almost all
of them have restrictions related to the nature of the
mathematical model of the system under study. From
this perspective, the most universal are controlled
search algorithms based on the processes of evolu-
tionary development of biological populations. One of
such method is the particle swarm optimization (PSO),
which uses the model of behavior of complex self-or-
ganizing systems with social structure. Such systems
consist of simple interacting agents, each of which
behaves independently of the others, but as a conse-
quence the behavior of the entire multiagent system
turns out to be intelligent [1].

Potential solutions in the PSO are represented as a
population of living organisms, each of which occu-
pies a certain position inside the swarm. The reason
for the existence of all organisms of the population
consists in increasing of the degree of individual util-
ity due to displacement within the location with the
best values of the objective function. To achieve this
purpose, the particles are constantly updating their
coordinates, using both their own knowledge and the
experience gained by the rest of organisms of the pop-
ulation [2].

Up to this moment, a great number of modifications
of the canonical PSO has been developed, but many
of them retain the disadvantages inherent in the origi-
nal algorithm. One of the most promising directions of
research in the field of evolutionary algorithms is the
study of adaptive properties of the PSO, improvement of
which will increase the efficiency and universality of the
search procedures.

The purpose of this scientific paper consists in devel-
oping an adaptive modification of the PSO making it
possible to carry out dynamic correction of the trajec-
tory of particle movement for the purpose of more ef-
fective investigation of the targeted field of search. The
proposed method is based on the possibility each parti-
cle has to choose the direction, the movement in which
increases its usefulness to the population.

1. Classical particle
swarm optimization

Let us suppose that our swarm consists of # particles.
Each of the swarm particles at any moment can be
described by its coordinates x, = {x,, x,, ..., X} and
velocity v, ={v,, v,, ..., v}, while i — number of particle
(i=1, ..., n), and d — the search space dimension. In

this case, the whole swarm of particles at the k-th instant
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of time is characterized by the vector of coordinates
X, = {x,, x,, ..., X } and vector of velocities of all the parti-
clesv,={v,, v,, ..., v }. Inaccordance with the canonical
particle swarm optimization developed by Kennedy and
Eberhart [1], iterations are performed in accordance
with the following pattern:

Vi =@Vt Bri(p, —x)+715(8 —X,),
Xpw1 = X T Vi

Moreover, p, and g, are the coordinates of the best so-
lution found by the particle itself and by all the swarm,
respectively, a, f, y are free parameters of the algorithm,
and r, and r, are random numbers within the range [0, 1].
Coefficients a, £ and y determine the degree of influence
of each of the three components on the particle veloc-
ity. Value a is responsible for the persistence of the par-
ticle movement. If value « is close to 1, then the particle
continues its path, thus exploring all the search space.
Otherwise, the particle tends to the best value (its own
or the social one), and will be staying in the area around
it. Value p reflects the influence of cognitive component,
that is determination of the particle to go back to the
“best” value, in terms of the objective function, found
by it earlier. Value y expresses the social component of
velocity, that is the tendency of the particle displacement
to the current best solution found by the remaining par-
ticles [2].

The disadvantages of the canonical method are as fol-
lows [2]:

4 the possibility of the particle coordinates leaving the
function tolerance range limits;

4 premature convergence of the algorithm to the first
extreme (generally local one) and impossibility of any
further search.

2. Modifications of particle
swarm optimization

To remedy the shortcomings of the method, a great
number of modifications have been developed, some
of which are aimed at improving the work of the entire
algorithm as a whole, while the others are designed to
solve problems of a particular class.

All the modifications developed can be assigned to one
of the following groups:

<> modification of the cognitive component;
<> modification of the social component;
<> selection of free parameters of the algorithm;

<> hybridization of algorithms.
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The most significant modifications of the cognitive
component of the canonical algorithm comprise con-
sideration in the velocity formula of not only the “posi-
tive” experience of the particle, but also the negative
experience, that is, the desire to move away from the
“bad” values of the objective function [3], as well as the
possibility of forced displacement of the particle during
prolonged stagnation of its coordinates [4].

Modifications of the social component suppose con-
sideration of influence of not only the best solution at the
given moment, but also the current values of the re-
maining particles. To this group can be assigned such
algorithms as the fully informed PSO, in which the
greatest influence on the particle movement is exerted
by the particles with “good” values [5], and the PSO
based on the ratio of “value-distance”, where the de-
gree of influence of each particle depends on the prox-
imity of its location [2].

Influence of the social component upon the effec-
tiveness of the optimal search procedures is largely de-
termined by the topological structure of the popula-
tion, because the size of the sub-aggregate of particles
with which each individual particle can share its expe-
riences depends on precisely this characteristic [2]. Re-
search studies on the effectiveness and convergence of
the PSO and its modifications under various topologi-
cal structures show that the topologies of weak cohe-
sion of the particles, that is those with a few number of
neighbors, allow more effective research of the search
space, and reduce the likelihood of premature conver-
gence of the algorithm [2, 5, 6].

The effectiveness and reliability of the PSO is largely
dependent on observance of the correct balance be-
tween the stages of the search space research and loca-
tion of the extremum. To regulate the interrelationships
between these stages, one uses such free parameters of
the algorithm as «, £ and y, for which various scien-
tific studies suggest the use of both constant values and
time-dependent ones. For example, for coefficient a
there are developed the following patterns of incre-
ments of the coefficient values [7, 8]:

< linear:
(amax min)
A = Xy T k
max
where @, and a,,,, — permissible maximum and mini-

mum values of the coefficient;

T —the maximum possible number of iterations;

max

54

<> non-linear:

a, —a. 2
ak = amin + ( ”’”}2 ”””) (Tmax - k) :
max
<> exponential:
— Ak
QG =yt (1 ~ Qi )e y

where A is a defined constant.

When using the linear and nonlinear patterns, pre-as-
signment of 7 _is mandatory.

For coefficients 8 and y it is also recommended to use
both constant values [1, 2, 9] and time-dependent ones
[9, 10].

Such binding of changes of the coefficients to the
time of the algorithm execution can lead to insuffi-
ciently effective search for solutions, because it is im-
possible to precisely predict at which exact iteration
the optimum will be detected and localized. To remedy
this shortcoming, scientific papers [8, 9] propose adap-
tive modifications of the particle swarm optimization,
making possible more objective control over the opti-
mization process.

Scientific paper [9] proposes to divide the solution-
achieving process into four stages, depending on the
range of particles straggling: research investigation of
the search area, optimum localization, stagnation, and
leaving the state of stagnation. Each stage is character-
ized by a certain strategy for changing the coefficients.
At the stage of research investigation of the search area,
the coefficient f increases, and y decreases; during the
optimum localization g and y are changing insignifi-
cantly; in case of stagnation, the coefficients are slight-
ly increasing; and while leaving the state of stagna-
tion S decreases, and y increases. The authors suggest
changing the persistence coefficient depending on the
rate of change in the value of the objective function.

The particle swarm optimization, as well as other ev-
olutionary algorithms, can be easily used as a part of
hybrid-type circuits. For example, for determination
of the new particle velocity, scientific papers [11—13]
propose to use selection, cross-breeding and mutation
operations taken from the genetic algorithm. Apart
from that, to improve the quality of this method on can
use local search and differential evolution [14]. Particle
swarm optimization can be also used in combination
with non-evolutionary algorithms or their component
parts (for example, scientific paper [14] shows the use
of operations of stretching, reflection and displace-
ment from the Nelder-Mead method of deformed pol-
ygon [15]). Multi-swarm algorithms [16], consisting of
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several swarms, each of which, in the general case, pos-
sesses its own set of parameters, also represent a special
case of hybridization.

3. Particle swarm optimization
with adaptation of the movement trajectory

Canonical particle swarm optimization assumes the
rushing of all the particles to one center having cur-
rently the best value of the objective function. However,
this process can lead, in the first place, to premature
stagnation of the algorithm, and, in the second place,
to departure of the particles from the advantageous lo-
cations and loss of values of functions therein.

To remedy the mentioned shortcomings, it is sug-
gested to carry out a dynamic correction of the trajec-
tory of movement of each particle by means of adap-
tive selection of direction and changes in the degree of
influence of both its own and social experiences. For
this purpose, the following procedures are added to the
classic version of this method:

4+ procedure of selection by each particle x, of its own
“social leader” X, j=1, ..., n, with the help of tourna-
ment selection method borrowed from the genetic al-
gorithm;
4 procedure of correction of values of coefficients «a,
By

The algorithm for the dynamic adaptation of the par-
ticle swarm optimization includes the following steps:

1. Initialization of values of velocity, coordinates of
the particles and the free coefficients

Vl[) = rnd(Dv)ﬁxlo = rnd(Dx)a

0 _ .0 s
pi _xisy,'_la

a =a_max, B =B _max,y, =y _min,
where D, D_— tolerance ranges of the velocities and co-
ordinates of the particles;

y — an array containing numbers of those particles,
towards which the social component of the particle
velocity vector is directed.

There shall be preset the number of iteration k£ = 1.

2. Calculation of values of the objective function
f(x!™") and updating of the list of the best values found
for all particles

o X T = when f(x{T) < f(piT).
" |otherwise, p!™!

3. In the event k < 2, then transfer to sub-paragraph
4; otherwise one performs the procedure of dynamic

adaptation of parameters of the particle movement, in-
cluding the following two stages:

a) Selection of the direction of movement of the par-
ticle depending on changes in its usefulness by means of
the selection tournament method:

_ |arg min(f(X,))— when f(xf)> f(x{)+0f,
g y;,— otherwise

where X . — a random sub-aggregate of particles to be

selected for particle x, X, C X;

b) Correction of those coefficient that are responsible
for the movement persistence and the degree of influ-
ence of the cognitive and social components of velocity:

at' =a —ox,
k+l _ k

ﬁi - Bi _5%’
k+1 k

y = +0x,

where dx — a correction to the values of coefficients a, £,
y, to be defined as follows:

W aries)
FO

To ensure that the algorithm works correctly, after re-
calculation of the coefficients one should carry out veri-
fication of the new values belonging to the permissible
intervals:

Ox

5

Z_min;, when z,<z_min,,
7, =1%;,
Z_max;,when z;>z_max;,

when z_min, <z, <z _max,,

where 2 ={f3/, ¥/, al'} — an array of current values of the
coefficients;

z_min={a_min, f_min,y min},
z_max={a max, B_max,y max}— arrays with prede-
termined minimum and maximum values for each coef-
ficient,j=1, ..., 3.

4. Recalculation of velocity and coordinates of the
particles:

k ko k-1, ok k-l k-1 k k-1 k-1
Vi =V, +ﬁirl(pi —X; )+yir2('xyl =X, ),

1

xf=x v

5. If the condition of halting algorithm
| fxH-f (xi"")| <e¢, is satisfied and ¢ — permissible
error of calculations, then we see the end of work of the
algorithm, otherwise there should be set the number of
iteration number k = k + 1 and transfer to sub-para-
graph 2.
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Table 1.
A set of test functions to check the algorithm
Name ‘ Formula ‘ Interval
Spherical function F(x)=Yx; x e (-5,5)
i=1
n-1 2
Rosenbrock’s function F(x)= Z(IOO(XHI_ x,z) + (x,.—l)) x€(-2.5,2.5)
i=1
-100
's functi F(x)= -5,5
De Jong’s function 2 3 100-(x12—x2)+(1—x1)2+1 xe(-5,5)
Rastrigin’s function F,(x)=10n+ E(xf —10cos (27x, )) xe(-5,5)
i=1

To assess the effectiveness of the proposed algorithm,
let us compare its work with the canonical PSO, the fully
informed particle swarm (FIPS) [5], and the adaptive
PSO (APSO), proposed in [9]. Let us denominate the
developed modification with the dynamic correction of
the trajectory of the particle movement as TPSO. Expe-
rimental research study of the methods was carried out
at the following parameters:

<> for all the methods, there is set the size of popula-
tion of 30 particles and a time restriction of 2000 itera-
tions;

<> for PSO, coefficient a decreases in a linear pat-
tern froma, =09toa = 0.4, at coefficients f =y =
1.49618 [2];

< for FIPS o= 0.7298, g =y = 2.05[5];

<> for methods APSO and TPSO there are set bounda-
riesa, =0.9,0 =04, =25 =15,y =25,
Voin = 1.5 [9].

The test functions used (7able 1) were taken from the
recommended standard set of test tasks of continuous
optimization [2], and they allow us to check the qua-
lity of searching the extrema for functions with a differ-
ent topography of the search space. Two test functions
(Rosenbrock and spherical) are unimodal, and the rest
are complex multimodal ones. For all the functions, the
dimension of the coordinate space n = 10.

‘min max

To compare various versions of the PSO, one uses such
criteria as the efficiency of search procedures, number
of iterations spent on the search for an optimum, and
solution achieving time. As a solution time, one takes
the difference between the system time of the computer
measured before the start of the calculations and after

their completion. Table 2shows the average values of the
given criteria. The best value in each line is highlighted
in semi-bold.

Based on the results of the computing experiment, it can
be concluded that the proposed algorithm has demon-
strated on the set of test functions used high effective-
ness for both unimodal and complex multimodal tasks.
Moreover, to search for an extremum it took fewer itera-
tions and consumed less time for the processor opera-
tion than the rest of the PSO modifications (on three of
the four test functions). In accordance with its parame-
ters, the proposed method is close to the APSO, however
its advantage consists in a simpler practical implementa-
tion and less time required to search for solutions.

Conclusion

This scientific paper proposes a hybrid modification of
PSO that makes it possible to carry out adaptive correc-
tion of the particle movement trajectory depending on
the effectiveness of performance of the optimal search
procedure at the previous iteration. Such a pattern of
achieving a solution allows particles to move quickly
into the most advantageous locations due to the dynam-
ic changes in the degree of influence of the cognitive
and social components of their velocity. The modifica-
tion of the canonical method considered was tested on
standard test tasks of continuous optimization. Based on
the test results, it can be concluded that the implemen-
tation of dynamic correction of the particles’ movement
trajectory allows us to increase the effectiveness of the
global optimum search process and to reduce the evolu-
tion time as compared with the existing modifications of
the PSO. m
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Table 2.
Criteria of effectiveness of various versions of the PSO

Methods of solution

BUSINESS INFORMATICS No. 4(38) — 2016

Function Criteria

Effectiveness 100% 100% 100% 100%

F(x) Number of iterations 523.4 492.1 4785 475.4
Solution time 0.311 0.302 0.324 0.305

Effectiveness 100% 100% 100% 100%

F,(x) Number of iterations 591.2 524.7 489.1 4983
Solution time 0.408 0.397 0.415 0.380

Effectiveness 90.1% 96.5% 100% 100%

F (x) Number of iterations 7545 685.4 621.2 613.8
Solution time 0.634 0.605 0.615 0.594

Effectiveness 92.5% 97.1% 100% 100%

F,(x) Number of iterations 7129 647.5 597.2 584.1
Solution time 0.612 0.594 0.618 0.590

Effectiveness 95.7% 98.4% 100% 100%

Average value Number of iterations 645.4 587.4 546.5 542.9
Solution time 0.491 0.474 0.493 0.467
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cmapuuii hpenodasamens Kageopst cucmem asmomMamu3upo8aHHo20 NPOeKMupo8anus U UHGHOPMAYUOHHBIX cUCEM
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AHHOTaIUSA

Metonpl 2BONIONMOHHOTO TIOMCKA YCIEIIHO TIPUMEHSIOTCS MJisl pelleHus pa3sHoOoOpa3HbIX 3amad
ONTUMU3AIINU ¥ MOICIUPOBAHUS BBUAY CBOSH YHMBEPCAJTBHOCTU U OTHOCHUTEIBHOM MPOCTOTHI MPaKTUIeCKOM
peanu3zanuu. OgHako 60JbLIONH MTPOOIEMOI TPU UX UCTIONB30BAHUY SIBJISIETCS MPEXAEBPEMEHHAasI CXOMUMOCTh
BBIYMCIIUTEILHOTO JITOPUTMA BCJIENCTBME HETIOJIHOTO MCCIIEIOBAHMS MTPOCTPAHCTBA TTOMCKA. DTO TIPOUCXONUT
B TOM cCjlyyae, KOrja BCe YacTHUIIbl MOManaioT B 00JacTh MEPBOro OOHAPYKEHHOTO, BO3MOXHO, JIOKAJbHOTO
OTNTUMYMa, ¥l HE MOTYT U3 Hee BRIOpaThes. [ist petreHust 3Toi Tpo6ieMbl HeoOxonuma pa3paboTKa yIpaBIIsIiOIInX
MPOLIEAYP, KOPPEKTUPYIOIINX MepeMellleHre 0COOei B MOMYISIINU.

B crarthe mpensnaraercss aganTuBHasg MoaubMKalMs METOAAa posl YacTUIl, IO3BOJISIIONIAS OCYIIECTBISTh
IMHAMHWYECKOe W3MEHEHUE TPAaeKTOpMU IBWXKEHUS 4YacTUI UIST HaXOXICHUS HauboJiee TepCIeKTUBHBIX
Jokauuii. B ocHOBe MeToma JIEXKMT BO3MOXHOCTh M3MEHEHMSI BEKTopa IMepeMelleHUs UHIAWBUIYaTbHO IS
KaXXIOi YacCTUIIBI, B 3aBUCUMOCTH OT Pe3yJbTaTUBHOCTU BBIMIOJIHECHUS MpeAbIaylneil urepanuu. Aas aToro B
NpeiaraeMyo MomuGUKaIuio KaHOHUYECKOTOo MeToia MOoGaBJIEHBI MPOIenypbl BBIOOpAa HAIMpaBIeHUS W
IUHAMMYECKOTO M3MEHEHHS CBOOOOHBIX MapaMeTpPOB ABMXKEHMUS YacTUIBl. B oTauuue OoT KaHOHUYECKOM
BEPCHU POEBOTO AJITOPUTMA, B KOTOPOM BCE OCOOU TMOMYNISILIAM CTPEMSTCS MPUOIU3UTBCI K OJHON JacTUIIe
C HaAWJIYYIIMM HailIcHHbIM 3HAYEHWEM, B HOBOM MoaMUKAIIMKM Kaxkaas yacThIla CaMOCTOSITEIbHO BbIOMpAET
HallpaBJieHUEe IBUKEHUS Y MOXET U3MEHUTH €TO B cllydae, ecli OHO OyIeT Mpu3HaHO He3((GeKTUBHBIM. Takoii
TTOAXOM TO3BOJISIET CHU3UTH BEPOSITHOCTH IMPEXIACBPEMEHHOM CXOOWMOCTHM aJTOPHUTMAa U JIydIlle MCCIenoBaTh
3aJaHHYI0 00JIaCTh ITOMCKA, YTO 0COOEHHO BaXKHO JJISI MHOTO3KCTPEeMaJbHBIX (DYHKIINI CO CIIOXHBIM PeTbe(OM.
[IpemnoxkeHHBIN MeTOI OBLI TPOBEPEeH Ha CTAHAAPTHOM Habope TeCTOBBIX QYHKITNI HETTPEPHIBHOM ONITUMU3ALINHT
U TI0Ka3aJl BBICOKYIO0 3(h(heKTUBHOCTh NPU OTHOCUTEIBHO HEOOJBIIMX 3aTpaTaX BPEMEHU M BbIYMCIUTEIbHBIX
pecypcos.

Knouesbie ciioBa: OIITUMM3alV, 3BOJIOLMOHHLIC aJITOPUTMbI, METOI POA YaCTULL, IMTPEKACBPEMEHHAA CXOAUMOCTD,
aJanTtanusa aJaropurma, l"V[6pV[I[VI33.LU/IH aJITOPUTMOB.

IutupoBanue: Minaeva Yu.V. Adaptive modification of the particle swarm method based on dynamic correction of the
trajectory of movement of individuals in the population // Business Informatics. 2016. No. 4 (38). P. 52—59.
DOI: 10.17323/1998-0663.2016.4.52.59.
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Abstract

This article presents the results of research into the possibility of adapting flexible methods of
project management to the organization of activities of public servants of the Russian Federation and
recommendations on combined approaches. The objectives of this research: to identify special aspects of
project management in the public service and to evaluate the possibilities for adapting flexible methods of
project management to the organization of activities of Russian public servants.

The activities of the public service are becoming increasingly innovative and intelligent and, as
a consequence, less predictable. These days the public authorities are not only customers in relation
to third organizations, but they themselves act as the direct executors of projects in the elaboration of
development programs and legislative initiatives in the framework of executingorders of the President,
Government and the higher state authorities. In these circumstances, management principles of the
PMBOK and similar standards, which are strictly formalized and require clear planning of processes, no
longer work. When the problems are large-scale, technologies are known, and the resources are defined,
classical design techniques work flawlessly. But when any innovative goals are set, there may be high risk
of exceeding budget funds and time; therefore in this case it is necessary to consider the feasibility of
applying Agile-like technologies.

Possibilities for the combination of tough methods (in terms of responsibility and formalization) and
flexible methods (in terms of goal-setting and continuity) of project management in the civil service were
investigated using analysis of business processes and based on the results of a survey of the public servants
participating in the implementation of certain tasks with respect to execution of public functions. It is
noted that in contrast to the business-oriented organizations the government authorities are characterized
by a significantly reduced motivation to informal leadership and undeveloped self-organization and self-
management. This fact imposes restrictions on the processes of implementing approaches of flexible

! This article was prepared based on the results of research carried with the support of government funds
by the State Order of the University of Finance for the year of 2016 “Analysis of the best interna-
tional practices of information support to realization of public functions. Development of proposals
on improvement of information support to activities of civil public servants”, state registration number
AAAA-A16-116070610054-7
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project management in the activities of public servants, but it does not mean it is impossible to formulate
and use them. Based on the results of the study we carried out, we determined principles of flexible project
management in the civil service, the knowledge of which can be useful both for the public servants and

businesses working with government agencies.

Key words: public servant, public administration, administrative reform, civil service efficiency, project

management, new public management, business process.
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Introduction

mong the specific problems of the Russian sys-

tem of performing public functions,we note

he complexity and non-transparency of the
processes, redundancy of documents, fuzzy distribu-
tion structure and duplication of responsibilities. The
problem of interaction between the employees of civil
services remains one of the most important. Meanwhile,
the statistics show that the number of public servants is
continuously increasing. Among other factors, during
the period from 1999 to 2013, the number of employees
of the state civil and municipal services of the Russian
Federation increased 1.6 times [1].

In accordance with the data of the Russian Federal
Service of State Statistics [1], the number of employees
in government bodies, local self-government authori-
ties and election commissions of municipal structures
of the Russian Federation at the end of 2015 came to
2,176,400 that is 1.87 times more than their number in
2000. The number of employees in the federal govern-
ment bodies in 2015 came to 1,434,100, and this is 2.75
times more than in the year of 2000. In 2015, 2,619,000
employees served in the government bodies of the con-
stituent units of the Russian Federation, which is 1.35
times more than in 2000.

A significant increase in the number of staff of the
public administration means there is a need to establish
a sustainable cooperation at various organizational lev-
els, effective document management in the subdivisions,
reduction of time spent (including time for paperwork)
by eliminating low-productivity activities, pointless dis-
cussions, etc.

At the heart of the reform of public administration,
many countries use the principles of new public man-
agement, or administration (NPM) [2, 3]. They are
based on the conditions of transparency of public serv-
ices, restructuring their work in accordance with mar-
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ket principles, including economic competition between
them and with private organizations, material interest of
employees in the economic returns from their actions,
implementation of ideas of project management in the
public administration with the goal of improving its effi-
ciency and reducing expenditures. However, application
of the project approach in the public sphere in the Rus-
sian Federation during the execution of some tasks has
its own distinctive features and limitations.

1. Assessment of the current situation
in the field of project management
of the civil service in Russia

In the civil service, project technologies are usually
considered in terms of the implementation of the classi-
cal PMBOK methodology (http://www.pmi.ru/). If we
talk about the experience of implementing project ap-
proachesin the civil service, it is possible to give examples
of reorganization and establishment of project offices in
the regional government authorities (the Perm Territory,
the Belgorod Region, and others). There has been estab-
lished a Council for the implementation of project man-
agement in the federal bodies of the executive branch
and the government authorities of the constituent units
of the Russian Federation. For the third year in a row,
we see the contest “Project Olympus” in the context
of implementation of project management in the pub-
lic sector (http://pmolimp.ru/). In the Tomsk Region,
a large-scale project called“INOTomsk’2020”has been
introduced to coordinate the government authorities,
universities, large-scale businesses and public corpora-
tions based on the project approach. There are being
established project offices at the level of the Federation
constituent units and municipal structures. However,
their number is limited to pilot testing of this approach:
the results of the monitoring of project management in
the bodies of the executive branch and companies with
state participation in the year 2013 through project of-
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fices or comparable was found to be 38.5% of federal
bodies of the executive branch and in 31.2% of the bod-
ies of executive branch of Russian Federation constitu-
ent units [4].

At the moment, PMBOK is considered the most de-
veloped project management technology. The PMBOK
body of rules focuses on the need for careful planning
of project activities prior to starting their implementa-
tion. Such aspects as who is to participate in the project,
how long the project is to last and how much money is
required for its implementation are strictly formalized.
The risks are assessed and measures to minimize them
are taken. All project management procedures are pre-
planned over time. However, the universality and the
large number of documents which describe specific situ-
ations make this standard very complicated, including
for the understanding by those project participants (in
this case by public servants) who do not have any special
project training. Therefore, adaptation of this standard
for a specific project and the specifics of the organization
immediately and completely (and not on the individual
chapters, which makes no sense) must be carried out by
those who have never faced a problem of project manage-
ment.As a result, the authors of many research investiga-
tions into Russian experience of the implementation of
the PMBOK principles in the civil service point out the
continuing disregard for the unification of presentation
of project materials (“some of them are grouped in the
integrated system of electronic document management...
in the folders of corresponding functional-target blocks,
and some — in the folders of individual public authorities”
[5]), the continuing problems of duplication of functions
of managers and participants in the project activities
(“anew project office is being formed, but there is a mini-
stry that is already solving similar tasks” [6]), as well as the
complexity of adapting the principles of project manage-
ment in the public authorities during evaluation of acti-
vity results and formation of the final or intermediate pa-
rameters of project performance.

In practice, the majority of public authorities sup-
porting project management tasks use the simplest
tools, among which are leading MS Word and MS Ex-
cel (87.5%). At the same time, 7.7% of federal bodies of
the executive branch and 18.8% of bodies of the execu-
tive branch of Russian Federation constituent units use
MS Project [4] for scheduling. The general problem of
interaction within the ministries consists in the persisting
functional principle of its organization, in which it is eas-
ier to control to communicate. The main reason for the
low rates of adaptation of project technologies in the civil
service is the unpreparedness and lack of understanding

62

by the public authorities than themselves of the benefits
of project methodology. Such matters as distribution of
rights and responsibilities in terms of interaction with
the employees of various functional units of the organi-
zation, other administrative entities and bodies of other
levels of the administrative authorities, use of outsourcing
also by implementing organizations, are usually ignored.
The formalization of the work of the public service during
organization of project offices or project teams eventually
becomes an uncontrollable and complicated process.

Modern trends in the development of the economy and
society make public service activities more and more in-
novative and intelligent and, consequently, less predict-
able. Nowadays public authorities not only assign tasks to
other organizations, but also act themselves as performers
of projects in the elaboration of development programs
and legislative initiatives. Where problems are complicat-
ed and large-scale, planning, of course, is necessary, and
the application of classical project methods is justified.
If there are high risks of exceeding the budgets and time
limits, then the PMBOK standard, strictly formalized,
providing clear planning of processes and actively intro-
duced today in the civil service of the Russian Federation,
ceases to work. In these circumstances, it is necessary to
consider the feasibility of Agile-like technologies. Some-
times one should consider the possibility of combining
tough methods (in terms of responsibility and formaliza-
tion) and flexible methods (in terms of goal-setting and
continuity) of project management. Meanwhile, noth-
ing prevents breaking down a large-scale project so that
some individual tasks could be implemented by an Agi-
leteam. A flexible approach will make it possible to elimi-
nate problem areas in the project management under the
conditions of public service, and to consider the instabil-
ity of the organizational structure, the need for regular
meetings, as well as the unwillingness of the team to keep
documentation in high demand in the preservation of the
project information for analysis and optimization of the
company activities.

2. Analysis of conditions
of informational support of project activities
of public servants in Russian organizations

In the course of the research assessing the state of
informational support to performance of public func-
tions, the authors conducted a survey of public servants
and employees of subordinated institutions, including
administrative boards and the State-Financed Entity
“Zhilischnik” of the districts of Moscow and the Mos-
cow Region, the prefecture of one of the districts of
Moscow, the Department of Information Technologies
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in the field of the state and municipal financial man-
agement and informational support of the budgeting
process of the RF Ministry of Finance, as well as some
other state organizations. In total, within the framework
of our investigation 260 public servants were surveyed.
We analyzed various versions of mutual work for solv-
ing common tasks, goal-achieving monitoring and team
management. We determined the number of projects in
which, as a rule, the employees participate at the same
time, the volume of urgent and non-urgent tasks to be
solved. Wealso considered problems of exceeding work-
ing time during the project execution, as well as the
terms of automation of administrative processes.

The interview results have confirmed the selected
common problems, including the presence of those
projects that do not comply with deadlines. The aver-
age duration of the delay of the government projects in
33.85%of the cases was insignificant (up to 1—3 days),
but in 4.6% of the cases the civil service employees re-
vealed delays for periods of up to one month.

In 11% of the cases, there was revealed a failure of
short-term projects (with duration of up to one week),
while such projects could be extended for a period of up
to 3 days, and up to six months.The failed projects are
characterized by overtime work of the employees. The
results of our analysis of the questionnaires show that
for the accomplishment of tasks in the projects that were
extended for an insignificant period (from 3 days to 1
month), public servants in half of the cases worked af-
ter working hours at least once a week, and in 10% of
the cases — every day. In the projects delayed up to six

months, in 16.7% of the cases the civil service employees
had to stay at work after working hours practically every
other day. Moreover, the survey results have shown that
the overtime work is noted by all the employees, regard-
less of the fact whether the project time limits fail or not.

Analysis has shown that the overwhelming number of
business processes in organizations are described, but
mostly only document flow for the incoming documents
is automated: official correspondence with the higher and
lower-level authorities, subordinated institutions, com-
plaints of citizens and organizations, correspondence be-
tween the departments. Among the list of possible tools
for describing and modelling administrative processes,
the document flow for the incoming documents was
mentioned by the employees of civil services in 38.2% of
the cases. There is partially automated interaction with
the Federal Treasury and banks (9% of the whole number
of all the selected tools for automatization of business
processes), with suppliers of goods, works and services in
the process of concluding government contracts (12.7%),
and with multifunctional centers providing public and
municipal services (MFC) to provide services to citizens
(10.4%). Apart from that, the respondents have noted the
application of project management automation instru-
ments (9% of the total number of responses). Such proc-
esses as internal coordination of drafts of government
contracts, personnel management (planning of training,
assessment of the effectiveness of activities), maintenance
service (repair of equipment, furniture, air conditioners,
etc.), innovation management (submission of proposals,
assessment, monitoring of implementation) are not auto-
mated or automated only partially (7able I).

Table 1.

Program products for description and modeling of administrative processes used in the organizations

Share in the total number
of investigated organizations

Document flow for incoming documents (official correspondence with higher and lower-level authorities, 38 2%
subordinated institutions, complaints of citizens and organizations, correspondence between the departments)

Interaction with suppliers of goods, works and services in the process of concluding government contracts 12.7%
Interaction with the MFC (“My Documents”) to provide services to citizens 10.4%
Interaction with the Federal Treasury and the banks 9.0%
Project management 9.0%
Internal coordination of drafts government contracts 8.8%
Human resources management (planning of training, assessment of performance of activities) 6.0%
Maintenance service (repair of equipment, furniture, air conditioners, etc.) 2.8%
Innovation management (submission of proposals, evaluation, monitoring of realization) 2.4%
Others 0.8%

BUSINESS INFORMATICS No. 4(38) — 2016

63



INFORMATION SYSTEMS AND TECHNOLOGIES IN BUSINESS

As our investigation of the current situation has dem-
onstrated, there is a particularly acute problem the civil
service managing knowledge and competences. The re-
sults of the survey carriedout have shown that informa-
tion about a project’s progress, as a rule, is not accu-
mulated, and the electronic archive is kept in 45.6% of
the cases. A project background is createdin only34%
of the cases, and a project folder on the portal is even
rarer (20.16%). Information about the people involved
in the project is stored in electronic form only in 47%
of the cases, and in 30% it remains on paper-based
media. This means that the employees understand the
importance of saving intermediate information about
the project, but they do not have any adequate tools for
their collection, storage and current and future shared
use.

Any new knowledge gained by the employees in the
process of advanced vocational training and additional
training is not transferred to their colleagues. Only 2% of
the interviewed public servants have responded that their
professional knowledge is quite enough for their work,
while more than 40% were not sure of this. A majority
of respondents (76%) mentioned competence assess-
ment as an effective tool for assessing the competence
of public servants. In their point of view, the most im-
portant factors in the selection and promotion of staff to
senior positions in the organization are professional and
personal qualities, as well as work experience (60% and
50.5%, respectively). At the same time, they place a very
low value on such factors as authority in the team (25%)
and personal desire (23%). Selection was made for the
most strongly sought-for competences, such as general
professional (81.9%) and regulatory competences (80%)
and, with a slight difference, competences in the per-
formance and efficiency of work (72.4%). The least pop-
ular turned out to be a group of competences “change
management” (14.3%), which is not surprising, because
the business processes of public authorities are estab-
lished “from top down”, and working documents of the
higher levels of administration often have the status of
regulatory documents. We also noted the low demand
for the group of competencies of self-management and
professional growth (21.9%), which can be attributed to
the shortcomings of the existing competence-based ap-
proaches in government institutions.

In general it can be concluded that the Russian sys-
tem of public administration is in a transitional state
from the first (base) level to the second level (repeated
practices), in accordance with the assessment model
of the maturity level of management processes with the
help of the Capability Maturity Model (CMM) meth-
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odology (http://www.sei.cmu.edu/cmmi/): bringing
administrative processes under regulation, defining ef-
ficiency indicators, availability of project controlling
systems, general project management methodology and
project management training programs for public serv-
ants. However, the processes are insufficiently organized
and there is no understanding by the employees them-
selves of the worth of control over achievement of the
set goals, as well as of the importance of the information
formalizing at each stage of implementation of tasks to
be solved. As for the scope and completeness of use of
electronic means in the activities of public servants and
their cross-functional interaction, it is too early to talk
about this [7].

3. Principles for adapting flexible methods
of project management
to public service activities

It should be noted that presently there are several
project management techniques that have worked well
in solving business problems. They can also be con-
sidered as a basis for improving the project activities
of civil public servants in terms of their performance
of public functions, along with the implementation
of the classical PMBOK methodology. The activities
of public servants are associated primarily with intel-
lectual activity (preparation of orders, instructions,
programs, etc.), and they are more like the work of
programmers than that of builders or manufacturers.
Therefore, we can actively discuss the application of
such techniques and concepts such as the Total Quality
Management (TQM), the quality management model
of informationtechnology services (Information Tech-
nology Service Management, ITSM), Lean Manufac-
turing, and Six Sigma, a method of the “critical chain”
for project management (Critical Chain Project Man-
agement, CCPM), Goldratt’s theory of constraints
(Theory of Constraints, TOC), easy or flexible (Agile)
ITprojects management methods using principles of
SCRUM, KANBAN, as well as the recently popular
hybrid approach SCRUMBAN.

In our opinion, the problems of civil service which
remain even after the implementation of the PMBOK
principles show that it is impossible to limit the ap-
proach to reorganization of the public management sys-
tem using the classical methodology, even if it has proved
its worth. It is necessary to take into consideration the
fact that during the process of execution of a project as-
sociated with implementation of public functions there
are changes of the objectives, number and complexity
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Steps for transition to GovAgile methodology

Table 2.

Principles of Agile Principles for Distinctive features GovAgile
Manifesto [9,10] projects in general of the civil service principles
. TP The customer of the L : The project team members should
The hlghqst priority is satisfaction of project results should In the civil service the customer include those employees who are
1 | customer’s needs by the regular and early ive th larl and sponsor is always the linear linearly subordinate to th iect
delivery of valuable software receive them reqularly | oo 4 inearly subordinate to the projec
and rapidly sponsor andthecustomer
Changing of requirements is welcome even at [ Do not be afraid to L . o . I
the latest stages of development. The Agileuse | change the goals In the civil service, objectives The project objectives may be
2 : 4 BN are often changing, but they changed by the head, but the
processes allow using changes to provide the | and objectives in the should be controlied chanaes should be recorded
customer with a competitive advantage process g
A ional houl The results shoul The project shoul
g | Pl ol S e O 25 | T SO | Al s rrshoui. | 18 BOES i it o
: reporting parameters '
weeks to a couple of months frequently for the customer
Throughout the project, the developers and The team members In the civil service, there is The manager must receive reports
4 | business representativés must work together and customers should arouting practice of regular about the project on a weekly
on a daily basis regularly discuss the reports, usually not more often basis
y project than once a week
The project should be elaborated by motivated | The team members
professionals. To accomplish the work, create | should be motivated The team members should be | The team members should be
5 g P ; .| motivated and have the appropri- | motivated and be selected in ac-
for them appropriate conditions, provide and have the appropri ate competences cordance with their competences
support and fully trust them ate competences
Direct communication is the most practical Personal communica- : The team members should meet
6 | and efficient way to exchange information tion of team members %%gnzjgr;n:f;'ggﬁ o;t(t)eram each other in person at least twice
both with the team itself and within the team is obligatory gatory a week
; ; f Everything must be o ; ; Stages of the project and the value
7 gfher(())p%it;onal product is the main indicator subordinated to the F?g;thiemcn(/;rltgﬁg\gce control is of of their results should coincide
prog results g p with measurable parameters
The investors, developers, and users should Stages of the project should have
8 be provided with a possibility to maintain a C%”-?E?”ntqéﬁyam%(éﬁhii Regularity of reports dictates approximately the same duration
constant rhythm. Agile helps to establish such gb”J ator g the rhythm of work and to be short (no more than one
a sustainable development process gatory quarter)
Continuous attention to technical perfec- Continuous techni- ' . ; I .
9 | tion and quality of the project development cal improvement is %)n;g:/lé?ﬁgnlﬁcshgéclflator gﬁgu?é 'QQ%?C%ZTS |2dthe project
improves flexibility of the project obligatory p gatory g
o o . It will require a lot of efforts from : i
10 \?vgrrllf)llicsltge(ézgdarl}rgfenmtiglmmng unnecessary ggl’trtcignfgr simple the public servants; they are not ;r]]g g%ggﬁps should be simple
looking for simple solutions
Self-organizing teams give rise to the best 3 TR [t will require a lot of efforts from ; ot
11 | requirements, architectural and technical s&n oigamzanon 1S the public servants; they are not F 1S negessi?ry o mot{yate initia
solutions obligatory used to initiative Ve and setl-organization
12 | posse ays o mprous ffeoncy ando | ImProvement s | Improvements shouldbe SpBr0a0h e ocese levant and
; h be continuous continuous :
adjust their work style complywith 1ISO 9001

of the tasks, and priorities. In these circumstances, the
principles of management should be replaced with the
new ones. Different tasks require different approaches,
sometimes in conditions of their combinations based on
the specific character of sub-tasks. Different conditions
of project implementation also make it necessary to ap-
ply different tools. In cases where the problems are large-

scale, the technologies are known and the resources are
defined, the classical project techniques work flawlessly.
But when innovative objectives are set, and high risks of
exceeding the limits of budgets and time take place, it is
necessary to consider the feasibility of applying flexible
technologies (in combination with tough technologies
or separately).
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In addition, the participation of public servants in
projects should match their competencies. Some em-
ployees work better using tough technologies, while
others work better using flexible technologies, and still
others should be generally used in the processes only in-
volving them in fulfillment of single orders — not dif-
ficult ones, but, nevertheless, of top priority. Therefore,
the authors have formulated the necessity for develop-
ing new principles, taking into consideration both the
possibilities of flexible project management and rigor-
ous requirements of responsibility on the part of the civil
service. These principles include the best practices of
application of PMBOK management principles and Ag-
ile methodologies for flexible management of the project
team of the civil service under conditions of maintaining
rigorous requirements on responsibility and formaliza-
tion of processes.

Flexible methodology focuses on the use of interac-
tive development, dynamic formation of requirements
and ensuring their implementation resulting from
the continuous interaction within the self-organizing
working groups, consisting of experts in various fields
[8]. The principles of the Agile methodology [9, 10] are
as follows: to pay attention to communication within
the team, thus reducing the number of official writ-
ten documents; to continuously discuss any emerging
problemsof the solution being developed and to be pre-
pared for its complete change regardless of the initially
intended plan. Just this fact has recently drawn the at-
tention of experts in project management to Agile not
only in the field of software development, but also when
conducting projects in business and organizations. This
makes the given technology of management interest-
ing for implementation in civil service projects. From
the flexible methodology of development, SCRUM
[11], for the civil service there are valuable princi-
ples of cooperation and discussion of all the changes.
Thus, the project team could effectively discuss what
they have done for a certain period, which errors have
occurred on the way, how they could possibly be cor-
rected and what is planned next. But the SCRUM, as
an individually functioning methodology, cannot pro-
vide maximum performance of the project team, and
therefore it requires additional tools and review of
current problems for the purpose of time release. To-
day in those projects that provide for the creation of a
software product by small groups and within a limited
time it has been decided to combine flexible method-
ologies SCRUM and KANBAN [12]. For such an inte-
grated approach, there has even appeared a new term:
SCRUMBAN [13]. However, in contrast to the appli-
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cation of flexible technologies in business,civil service
projects should be based not only on the international
experience of implementation, but to take into consid-
eration national peculiarities.

The study of distinctive features of project manage-
ment in the civil service and assessment of the possibil-
ity of adapting the flexible methods of project manage-
ment to the organization of work of public servants in
the Russian Federation have allowed the authors to for-
mulate GovAgile principles — the principles of flexible
project management in the civil service. Table 2 shows
the steps of sequential transition from Agile in software
development to Agile in business and Agile in the civil
service.

In general, in the field of project management it is
necessary to apply a subject-oriented approach which
takes into consideration special abilities of the employ-
ee. The project approach is to be customer-oriented; it
should comprise the tools of continuous improvement,
and the employees should be motivated to achieve it.
The framework of the project approach requires ex-
panding the standards of activities of public servants
with due consideration of flexible methods of project
management in cases where the result has an innova-
tive character. Moreover, the time management system
should set provisions for implementation of the priority
assignments.

Conclusion

The task of organizing effective interaction between
civil service employees is very important. Continuing
challenges of the public service show that it is impos-
sible to limit the approach to reorganization of the pub-
lic management system using only the PMBOK. During
the process of implementing the project approach and
management by objectives for the realization of public
functions by civil public servants, one must also apply
and adapt the principles of various management meth-
odologies, including flexible methodologies.

In consequence of the research we carried out, we re-
vealed certain problem areas of activities of civil public
servants during the implementation of public functions.
This is, above all, a low level of automation of business
processes. As a rule, there are systems of document flow
automation and means of interaction with the suppli-
ers and financial organizations. In the process of per-
forming public functions, some projects fail; work of the
staff after the working hours is commonly observed. Not
withstanding the fact that the employees recognize the
importance of maintaining the project information, it
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usually remains only on paper-based media. Apart from
that, there remains the problem of knowledge manage-
ment in the civil service. The Russian system of pub-
lic administration is characterized by availability of a
project design work monitoring system and a project
management training program for public servants. How-
ever, there remains the undecided question about the
readiness of the federal and regional authorities them-
selves for internal reforms, and the readiness of public
servants to change perceptions about their personal re-
sponsibility for the implementation of projects.

The steps of sequential transition from Agile in devel-
opment of information systems and business to appli-
cation of the GovAgile methodology in the civil service
are formulated. Possibilities of combining tough and
flexible project management methods in the civil serv-
ice have been investigated based on analysis of business
processes and in accordance with the results of a survey

of public servants involved in the implementation of
certain tasks relating to the execution of public func-
tions. We noted that, in contrast to the business-ori-
ented organizations,motivation of informal leadership
in the government authorities is significantly reduced,
and self-organization and self-management are not de-
veloped.

Analysis of the results of interviewing public serv-
ants has revealed the specific character of the civil serv-
ice which should be kept in mind when implementing
Agile in project management. For example, the project
customer and sponsor in Agile wording is always the
linear head, the prevailing function is controlling, and
initiative itself is suppressed. All these factors impose
restrictions on the processes of implementing the flex-
ible project management approaches in the activities of
public servants, but they do not mean it is impossible to
formulate and use them. m
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AHHOTAIMA

B crarpe mpencraBieHBl pe3yabTaThl UCCAEOOBAHUS BO3MOXHOCTU aNalTaliyd TMOKUX METONOB MPOEKTHOTO
yIpaBieHUs] K OpPraHU3aluu PaboThl TOCYNApCTBEHHBIX ciyxaiiux P®, maHbl peKOMeHIAUU MO COYETAHUIO
pa3TMIHBIX TTonxonoB. Llenmu nccienoBaHust — BRISIBUTH OCOOEHHOCTHU TIPOEKTHOTO YIIPABIEHUSI B TOCYIapCTBEHHOM
CITy>k0€ M OLEHUTh BO3MOXHOCTH aIanTallui TMOKNX METONOB MPOEKTHOTO YIPaBIEHUST K OPraHU3aluu paboThI
rOCyIapCTBEHHBIX ciryxkamux Poccunm.

JleATenbHOCTh TOCYNApCTBEHHON CITyXObl CTAHOBUTCSI BCce OoJjiee WHHOBAIMOHHOW W WHTEJUIEKTYATbHOU
U, KaK CIENCTBUE, MeHee MpenckadyeMoi. OpraHbel rocygapCTBEHHON BJIACTU CETONHSI BBICTYMAIOT HE TOJBKO
B POJIM 3aKa3YMKOBIIO OTHOIIEHUIO K CTOPOHHUM OpraHu3alusM, HO U CaMU SIBJISIIOTCS HEMOCPENCTBEHHBIMU
UCTIONTHUTESIMUA TIPOEKTOB B 00JacTW pa3pabOTKM TPOTpaMM DPA3BUTUS W 3aKOHONATETbHBIX WHUIIMATUB, B
paMkax BbinonHeHus nopyueHuii [Ipe3unenta, [1paBuTenbcTBa M BBILIECTOSIIUMX MHCTAaHUMNA. B aTux yciaoBusix
npuHUUMel yrnpasieHuss PMBOKuU aHanoruyHbIx cTaHAapTOB, KOTOPbIE CTPOro (hOpMaJIM30BaHbl U MPEAIoaraoT
YeTKOe TIAHMPOBAHME TPOIECCOB, TiepecTaloT paboTark. Tam, rae 3amauu SIBISIOTCS MACIITAOHBIMU, TEXHOJIOTHY
U3BECTHBI, @ PECYPCHI ONPEAEICHBI, KJIacCUYeCKKe MPOEKTHbIE METOAUKH AeCTBYIOT 6e3ynpeyHo. Ecinu xe craBsarcs
HOBATOPCKHUE 1LIEIU, TO BOSHUKAIOT BBICOKME PUCKU MPEBBILIEHUS OIOKETOB U BPEMEHU, MTIOTOMY B 3TOM cllyyae
HEOOXOIMMO pacCMaTPUBATh 11e1eCO00Pa3HOCTh MPpUMEHEeHMsT Agile-TTOmOOHBIX TEXHOIOTHA.

B03MOXHOCTH cOYeTaHUS XKECTKMX (C TOUKU 3PEHUS OTBETCTBEHHOCTH M (popMaM3alii) U THOKUX (C TOYKH
3peHUs LIeJIeNolaraHusl U HETPEePhIBHOCTU) METONOB YIIPaBJICHUS MPOEKTaMU B TOCCIYXXOe MCCIeIOBAINCh Ha
OCHOBE aHaJM3a OM3HEC-TIPOIIECCOB M MO pe3yjbraTaM OIpoca TOCYAApPCTBEHHBIX CIYXKalllMX, YYaCTBOBABILIMX
B peajv3alliy TeX WU WHBIX 3a7a4 IO MCITOTHEHMIO TOCYIapCTBEHHBIX (PyHKIMH. OTMEUEHO, YTO, B OTIMYHME OT
OM3HEC-OPUEHTUPOBAHHBIX OPTaHU3AINIA, B OpraHaxX roCyIapCTBEHHOM BJIACTU CYIIECTBEHHO CHUKEHA MOTUBAIIUS
K He(hopMaJIbHOMY JIMIEPCTBY, HE Pa3BUTHI CAMOOPTraHU3alMsI U CAMOMEHEIKMEHT. DTO HaKJIaAbIBACT OrPaHUYCHUS
Ha MpoLeCChl BHEAPEHUS MTOIX0A0B TMOKOTO MPOEKTHOIO YITPABICHUS B IEITETbHOCTH FOCCIYXKAIUX, HO HE O3HAYaeT
HEBO3MOXHOCTb UX (DOPMYIMPOBAHMS M UCIOJIb30BaHKMSA. Ha OCHOBE pe3ybraToB IMPOBEICHHOTO MCCIICIOBAHUS
orpeneIeHbl TPUHITUITBI THOKOTO MPOEKTHOTO YIPaBJIeHUS B TOCCIyX0e, 3HaHWE KOTOPBIX MOXET OBITh MOJE3HBIM
KakK JUISl caMUX TOCCITyKallliX, TaK U JJIs1 OM3Heca, paboTalollero ¢ rocyiapCTBEHHbIMU CTPYKTYPaMU.

KmoueBsle ci10Ba: rocyIapCTBEHHBIN CITyKaILUii, TOCYIapCTBEHHOE YIIpaBIeHUe, aIMUHUCTpAaTUBHAs pedpopMa, 3 (HeKTUBHOCTD
TOCYIapCTBEHHOI CJTyKObI, YIIpaBJIeHUE ITPOEKTaMM, HOBBII TOCYIapCTBEHHBIN MEHEKMEHT, OM3HEC-TTPOLIECC.

IMuruposanue: Altukhova N.E, Vasileva E.V., Slavin B.B. Concept for a new approach to project management in the activities
of public servants// Business Informatics. 2016. No. 4 (38). P. 60—69. DOI: 10.17323/1998-0663.2016.4.60.69.

2 Cratbsl TTOATOTOBJICHA TIO PE3YJIbTATaM MCCJICAOBAHMIA, BBITOJTHEHHBIX 33 CYET OFOIKETHBIX CPEICTB TI0
TFocymapctBeHHOMY 3amanuio ®unancoBoro yHmBepcutera 2016 roma «AHaIM3 JIyYIIUX 3apyOeXKHBIX
MPAaKTUK WHGMOOPMAIIMOHHOTO O0eCTieYeHUs peaiu3allMid TOCYIapcTBeHHbIX GyHKimiA. Pa3paboTtka
TIPEUIOXKEHUIA ITO COBEPLICHCTBOBAHM IO MHPOPMALIMOHHOTO 06eCTIeYeHUS IeSITeTIbBHOCTH FOCYIapCTBEHHBIX
IPaXIaHCKKX CITYKAlIUX», HOMEP rocyaapcTBeHHO# peructpain AAAA-A16-116070610054-7.
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Abstract

This paper focuses on the questions of combining management accounting and an expert approach
for decision making in the sphere of economics and management. The background of such a combination
is that within both approaches there are a decision making goal, a set of alternatives and criteria for their
assessment, as well as the possibility of multivariate evaluation of the alternatives for different possible
situations.

The basic decision making processes provide similar data processing. Their scope relies on classification
of assessment criteria into three types: quantitative criteria, for which source information for management
accounting is available, quantitative criteria with lack of source information for management accounting,
and qualitative criteria, for which management accounting methods are not applicable. Relying on such
classification, four basic processes are defined: pure management accounting, management accounting
supplemented by estimates according to predefined rules, management accounting supplemented by expert
estimates, and the pure expert approach.

Relying on different basic processes, fifteen working processes (including the generalized working process
including all four basic processes) are defined. Conclusions are made regarding the practical applicability of
different working processes, depending on the scope of decision making criteria.

Approval of the combined approach is performed with the help of an example of investment appraisal
relating to a manufacturing company’s development, using three classic management accounting criteria
(payback period, net present value, internal rate of return), and three criteria of a qualitative nature.

Key words: decision making, management accounting, expert approach, assessment of alternatives, investment
appraisal, analytic hierarchy process.
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Introduction deals with the collection, processing and presenta-
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courses of action. One of the approaches to | ment accounting are the selection of activity level and

decision making is management accounting, which | product mix, decisions regarding stopping production
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or replacing some products, “make or buy” decisions,
justification of further processing of joint products, as
well as investment appraisals [1—3].

An important feature of management accounting is
that it deals with financial and economic calculations
which allow us to compare alternatives from the point
of view of costs and economic benefits. However, un-
der conditions of incompleteness and unreliability of
source information, as well as in cases when qualitative
or semi-structured information is essential, manage-
ment accounting becomes inapplicable.

Another way of decision making is the expert ap-
proach, which involves one or few experts who eval-
uate alternatives according to certain criteria, relying
on their knowledge, experience and management in-
tuition. In the case of group decision making, special
coefficients representing differences in the experts’
competences may be applied. Forming expert esti-
mates and their further processing may be performed
by various decision making methods, such as the ana-
lytic hierarchy process and the analytic network proc-
ess [4—6], methods of the ELECTRE family [7], meth-
ods of the PROMETHEE family [8—10] and some
others. Processing of expert estimates often requires
quite complex mathematical calculations, so there is a
special class of information systems — decision support
systems [11].

Both approaches are widely represented in academ-
ic and business literature, and successfully applied in
practice. However, the two approaches are always con-
sidered separately. At the same time, quite often mul-
ticriteria decision making tasks arise, where for some
criteria management accounting is applicable, while
for other criteria only the expert approach may be used.
That is why there a question arises about the possibility
of combining management accounting and the expert
approach within common decision making processes.

1. Decision making using the management
accounting and expert approaches:
Similarities and differences

For answering the question about the possibility of
combining the management accounting and an expert
approach an analysis of their similarities and differences
is essential. It is reasonable to conduct such an analysis
on the basis of various aspects, such as objectives of the
approaches and their areas of use, source information
ant its origin, methods of assessing alternatives and the
degree of their objectivity, the number of criteria, and
the possibility of multivariate (situational) analysis.

BUSINESS INFORMATICS No. 4(38) — 2016

As already noted, the objective of both approaches is
evaluation of alternatives and selecting one of them as
the most preferable. While management accounting is
applicable only in the field of economics and manage-
ment, the expert approach has a much wider area of use:
it may be used in very different fields of human activity,
including education, medicine, ecology, and politics.

Regarding source information, management ac-
counting deals with quantitative (first of all, financial)
information, which is well structured. Such informa-
tion may come from multiple internal and external
sources — the accounting systems of an enterprise, cor-
porate reporting of an enterprise and external organi-
zations, statistical databases, analytical reviews, etc.
Management accounting information is quite reliable;
however, in the case of lack or insufficient source data
reliability estimated values may be used.

Within the expert approach, any relevant informa-
tion including qualitative and semi-structured infor-
mation may be used. Sources of such information may
be very different, being situated either inside or outside
an enterprise. The scope of information for the expert
approach may be much wider than the scope of infor-
mation for management accounting. Some informa-
tion may be known to certain experts, but unknown
to other experts and moderators of the assessment. In
addition, when evaluating an alternative, each expert
may use his personal tacit knowledge, experience,
vision and intuition.

From the point of view of the ways of evaluating al-
ternatives, management accounting uses the results of
calculations, expressed in financial an economic terms.
The expert approach deals with expert estimates, which
may be expressed in different scales (scoring, ordinal),
or via preferences in some other form (for example, the
analytic hierarchy process includes pairwise compari-
sons based on the verbal-numerical fundamental scale).

Management accounting aspires to the best possi-
ble objectivity, so rough values are applied only in rare
cases, when objective information is not available or
is not reliable enough. As to the expert approach, it is
initially oriented to collection and consolidation of the
subjective opinions of experts, with additional analysis
of concordance of such estimates.

Regarding the number of criteria, most management
accounting tasks deal with a single criterion. For exam-
ple, selection of the activity level uses such a criterion
as the relation between marginal profit and fixed costs,
product mix selection — marginal profit per unit of lim-
iting factor, justification of discontinuing or replacing
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products — the difference between price and production
cost, etc. However, in some cases several criteria may be
used, but without generalizing the results obtained for
different criteria. For example, for investment appraisal
such criteria as accounting rate of return, payback pe-
riod, net present value or internal rate of return are ap-
plicable.

Within the expert approach, either one, or several cri-
teria may be used (in the latter case there is a multicrite-
ria decision making task [12]). If criteria have different
significance, special weights may be assigned to them. In
all cases, in multicriteria tasks formal rules of generaliz-
ing expert estimates by criteria are applied.

From the point of view of situational analysis, man-
agement accounting makes possible multivariate calcu-
lations, depending on decision making situations (first
of all, the projected state of the external environment)
and, accordingly, relying on different source data sets.
However, no formal rules for generalizing results by situ-
ations are considered within management accounting.

The expert approach also permits one to consider dif-
ferent situations, but with the use of formal rules for
generalizing the results. The probabilities of occurrence
may be assigned to situations (directly or by ranking),
or one may consider that decision is to be made under
uncertainty.

So, both management accounting and the expert ap-
proach imply the availability of some set of alternatives
and criteria for their assessment that arise from the de-
cision making goal. Both approaches also permit multi-
variate assessment of the alternatives, depending on pos-
sible situations. Such common features of management
accounting and the expert approach may be considered as
a background for their combination within decision mak-
ing processes. At the same time, there are such specific
features of the expert approach as availability of experts,
as well as evaluating alternatives in abstract terms, rath-
er than using financial and economic measures. In turn,
these particularities lead to differences in methods of gen-
eralizing estimates by experts, criteria and situations.

2. Combining the management
accounting and expert approaches: Basic
and working decision making processes

Decision making processes may be subdivided into
basic and working processes. Within basic processes,
source information is processed similarly, while within
working processes source information may be processed
in different ways. Working processes are defined relying
on the basic ones: each working process may be equal to
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one of the basic processes, or include a combination of
some of them.

Any decision making process (both basic and work-
ing) starts with a conceptual statement of a decision
making task (goal, alternatives, criteria, etc.) and ends
with final consideration of the results obtained (as a
rule, in the forms of discussions or meetings, with the
participation of all the stakeholders) and the final deci-
sion making.

Definition of the basic processes relies on classifica-
tion of criteria used for assessing alternatives. First of all,
criteria are subdivided into quantitative and qualitative.
In addition, for quantitative criteria source information
for management accounting calculations may be either
available, or not. Thus, the criteria may be subdivided
into three types:

1. Quantitative criteria for which source information
for management accounting calculations is available;

2. Quantitative criteria for which source information
for management accounting calculations is not avail-
able;

3. Qualitative criteria for which management account-
ing methods are inapplicable.

Assessment of the alternatives with respect to criteria
of types 2 and 3 may be executed only using the expert
approach. As to criteria of type 1, it is possible to apply
management accounting calculations, and in addition
their results may become the subject of a subsequent ex-
pert assessment.

Classification of criteria allows us to determine four
basic processes:

4 BP 1 — pure management accounting. After the
conceptual statement of a task, one selects the relevant
management accounting method, then the appropriate
source information is collected. The results of manage-
ment accounting calculations become the basis for rank-
ing the alternatives and are presented for final consider-
ation and decision making without any additional expert
assessment. Such a basic process is applicable for the cri-
teria of type 1;

4 BP 2 — management accounting supplemented by
rules-based estimates. After the conceptual statement
of a task, selecting the relevant management accounting
method and collecting appropriate source information,
the calculations are performed. Then the results of man-
agement accounting calculations are transformed into
estimates according to predefined rules, without any ad-
ditional expertise. Since the transformation rules are de-
termined in an expert way (although a priori, regardless
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of the management accounting results), such estimates,
in fact, also arise from the expert approach. On this ba-
sis, ranking the alternatives, and then — final considera-
tion and decision making are executed. This basic proc-
ess is also applicable for the criteria of type 1;

4 BP 3 — management accounting supplemented by
expert estimates. After the conceptual statement, select-
ing the management accounting method and collecting
appropriate source information, the calculations are ex-
ecuted. The results of management accounting calcula-
tions are subject to additional expert assessment. Then
the expert estimates become involved in subsequent cal-
culations using one of decision making methods. After
this, ranking of alternatives, final consideration and de-
cision making are executed. Like BP 1 and BP 2, this
basic process is applicable for the criteria of type 1;

4 BP 4 — the pure expert approach. After the con-
ceptual statement, a decision making method is selected
and expert estimates are formed. The results of process-
ing the expert estimates are used for ranking the alter-
natives, then final consideration and decision making
are performed. This basic process is applicable for the
criteria of types 2 and 3 (theoretically, BP 4 may also be
applied for criteria of the type 1, but this would mean
loss of potentially valuable management accounting in-
formation, so this variant is not considered).

The estimates used within the basic processes may be
either expert-based, or rules-based. The difference is
that expert estimates are formed by experts (perhaps,
taking into consideration management accounting re-
sults), while rules-based estimates are formed directly by
transforming management accounting results according
to predefined rules, without additional expertise. In fact,
the basic processes BP 2 and BP 3 are quite close: both
include management accounting calculations and sub-
sequent forming of estimates; the difference is that esti-
mates in BP 2 are rules-based, while BP 3 applies expert
estimates.

Ultimately, estimates (expert-based or rules-based) are
applied within the basic processes BP 2, BP 3 and BP 4,
however expert assessment of alternatives takes place only
in BP 3 and BP 4. As to management accounting, it is
used in the basic processes BP 1, BP 2 and BP 3.

In some cases it seems reasonable to use manage-
ment accounting and the expert approach separately, in
their pure forms. Application of pure management ac-
counting (BP 1) is reasonable if there is a single criterion
which belongs to type 1 (in this case synthesis of criteria
is not required, so additional estimates are excessive).
The pure expert approach (BP 4) should be used if all
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the criteria belong to types 2 and 3. In the rest of cases, it
seems reasonable to combine the management account-
ing and expert approaches in one or another way.

Working processes, unlike the basic processes, assume
the availability of both quantitative and qualitative crite-
ria, as well as processing of information for different cri-
teria in different ways. This means that few basic proc-
esses may be combined within the same working process.

Let us consider the most common case, where crite-
ria of all three types are available, and where manage-
ment accounting results obtained for different criteria of
type 1 are used in different ways: for some criteria — in
pure form, for others — as a basis for transformation into
rules-based estimates, for third cases — as source infor-
mation for expert estimates. Such a case requires the use
of all four basic processes; the appropriate generalized
working process is presented in Figure 1.

The working processes relating to particular cases rep-
resent different variations of the generalized decision
making process. Each of such variations includes a spe-
cific set of basic processes ( Table I).

The applicability of the working processes depends
on the nature of the criteria involved in decision mak-
ing tasks:

<> working processes WP 1 — WP 7 are applied if some
criteria belong to type 1, while the rest of the criteria —
to types 2 and/or 3 (including tasks with criteria of all
three types). In this case, at least one of the processes
BP 1 — BP 3 (in any combination) and BP 4 are used. If
there are criteria of all three types, the working process
WP 1 is equal to the generalized process;

<> working processes WP 8 — WP 14 are applied if all
criteria belong to type 1. In this case the process WP 4 is
not used, only processes BP 1 — BP 3 are applied (sep-
arately or in any combination). The working processes
WP 8§, WP 9 and WP 10 are equal to the basic processes
BP I (pure management accounting), BP 2 and BP 3 ac-
cordingly;

<> working process WP 15 is applied if all criteria be-
long to types 2 and/or 3. This working process is equal to
the basic process BP 4 (the pure expert approach).

It should be noticed that if BP 1 is not used then esti-
mates (either rules-based or expert- based) are formed
for all the criteria, with their subsequent processing. If
BP 1 is applied, then the task is split into two parts: for
some criteria no estimates are applied (management ac-
counting results are used directly in the stage of final
consideration and decision making), while with respect
to other criteria estimates are formed, with their further
processing.
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Conceptual statement of the decision making task

A

Classifying criteria into quantitative and qualitative

Quantitative Qualitative (type 3, BP 4)
A

Determining management accounting methods
applicable for certain criteria

y

Gathering source information for management accounting

Y

Classifying quantitative criteria into types 1 and 2

Type 1 Type 2 (BP 4)
\

Selecting ways of using management accounting results
for certain criteria

BP 1 BP2 BP3
* Y Y Y
Determining rules of forming estimates Determining the decision making
method
Y \ 4 i
Management accounting Management accounting Management accounting
calculations calculations calculations
Y Y A \/
Formation of rules-based estimates Formation of expert estimates

\

Formulation of the decision making task

y

Solution of the decision making task

\4 Y
Ranking the alternatives with respect Ranking the alternatives with respect
to each of the criteria to the set of criteria
\ A

Final consideration of results and decision making

Fig. 1. Generalized working decision making process
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Table 1.
Working decision making processes

Basic processes

Working
processes

WP 1 + + + n
WP 2 + = - +
WP 3 - + - +
WP 4 = - + +
WP 5 + + - +
WP 6 + - + +
WP 7 = + + +
WP 8 + = - —
WP 9 - + - _
WP 10 = = + _
WP 11 + + - _
WP 12 + - + _
WP 13 - + + _
WP 14 + + n _
WP 15 - - - +

3. Example: Investment appraisal

As an example, let us consider one of the classical
management accounting tasks — investment appraisal.

A manufacturing company examines a few variants of
its business development through construction of a new
plant and introduction of a new product. This project
has an investment nature: it implies initial capital expen-
ditures and subsequent long-term economic benefits.
There are three alternatives (variants of development) —
X, X, and X,. Each of the alternatives are evaluated with
respect to six criteria:

- C, — payback period;
- C, — net present value (NPV);
- C, — internal rate of return (IRR);

- C, — impact of the new product on the enterprise’s
reputation (qualitative, technological, ecological and
social matters);

- C, — reliability of operations (risks related to the
new product manufacturing and sales, including poten-
tial lack of quality and dependence on key suppliers and
customers);

- C, — prospects of the new product (possibility of
long-term business development).

The criteria C,, C, and C, are quantitative, and the
company has all the information required for manage-
ment accounting. So, these three criteria belong to type
1 and for them management accounting calculations
are to be performed. Meanwhile, the decision maker
assumes that payback period figures are sufficient for
final consideration, while interpreting net present val-
ue and internal rate of return requires additional expert
assessment — to justify the significance of differences
between the figures obtained for different alternatives.
This means that with respect to criterion C, the basic
process BP 1, and for criteria C, and C, — the basic
process BP 3 are used.

As to criteria C,, C;and C, they all are qualitative and
belong to type 3, so for them only the basic process BP 4
is applicable.

Thus, for comparison of the variants of the compa-
ny’s development and final decision making the work-
ing process WP 6 involving the basic processes BP 1,
BP 3 and BP 4 is to be applied.

As a decision making method for generalizing esti-
mates with respect to criteria C, — C6’ an analytic hi-
erarchy process (AHP) [4—6] is used. Eventually, the
information presented for final consideration consists
of payback period figures for the different alternatives
(criterion C)) and the alternatives’ priorities deter-
mined with respect to criteria C, — C, using the AHP
method.

The results of management accounting for the differ-
ent alternatives with respect to criteria C, — C, are pre-
sented in Table 2. As we see in the table, the best value
of payback period is related with the alternative X, the
best value of net present value — with the alternative
X, and the best value of internal rate of return — with
the alternative X). The payback period figures are to be
presented for final consideration “as is”, without any
additional assessment. As to the remaining two criteria,
their figures are to be used as additional information
for forming expert estimates.
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Table 2.

Results of management accounting
calculations for criteria C, — C,

Payback Net present Internal rate
Altti?::lsa- period value of return
(C,, years) | (C,, min. rubles) (C,s %)
g 55 250.2 16.6
8 45 230.4 17.2
X3 40 196.1 13.7

The analytic hierarchy process method as a tool for
generalizing of expert estimates implies constructing a
hierarchical structure “goal—criteria—alternatives” and
subsequent pairwise comparison of the elements in each
level with respect to the upper level elements. In our
case, there are six pairwise comparison sessions: one —
for comparing criteria with respect to the goal, and five —
for comparing the alternatives with respect to each of the
decision making criteria (C, — C)).

The results of each session are entered into a pairwise
comparison matrix. In any of such matrices, rows and
columns represent the compared elements, while the
intersections contain their comparative estimates ex-
pressed in terms of the verbal-numerical fundamental
scale (Saaty’s scale). Relying on the estimates, priorities
of elements in the lowest hierarchical level (alternatives)
with respect to the highest level element(the goal) are
calculated .

The pairwise comparison matrix of the criteria and
their priorities with respect to the goal are shown in the
Table 3, and the pairwise comparison matrix of the al-
ternatives with respect to criteria C, — in the Table 4
(the alternatives’ comparison with respect to other cri-
teria is performed similarly). Based on priorities of the
criteria with respect to the goal and priorities of the
alternatives with respect to each of the criteria, syn-
thesizing overall priorities is executed ( 7able 5).By ap-
plying the working process WP 6, the following results
are subject to final consideration and decision making
(Table 6):

4+ the values of payback period (criterion C)) for each
of the alternatives determined using management ac-
counting;

4 overall priorities of the alternatives with respect to
the remaining five criteria (C, — C), determined us-

ing the analytic hierarchy process method, taking into
consideration the management accounting results for
criteria C, and C,.

Table 3.
Pairwise comparison matrix and priorities
of the criteria C, — C,
with respect to the goal

Criteria
Priorities

Criteria

C, 1 2 3 4 4 0.414

C, 1/2 1 2 3 3 0.257

C, |wm || 1| 2|2 0.153

C, V4| 13 12 1 1 0.088

C, 174 | 13 | 12 1 1 0.088
Table 4.

Pairwise comparison matrix
and priorities of the alternatives with respect
to the criterion C, (net present value)

Alternatives

Alterna- .
tives Priorities
X1 1 2 6 0.600
8 12 1 3 0.300
8 1/6 1/3 1 0.100
Table 5.

Synthesizing to obtain overall priorities

Criteria and their weights

Overall
priorities

Alterna-
tives

g 0.600 | 0.300 | 0.090 | 0.455 | 0.143 0.392
X, 0.300 | 0.600 | 0.455 | 0.090 | 0.143 0.369
X, 0.100 | 0.100 | 0.455 | 0.455 | 0.714 0.239

! All the calculations are performed using Super Decisions software (www.superdecisions.com)
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Table 6.
Results presented for final consideration
and decision making

Estimate with respect

vetnes | (rtarion € yoars | 101 Cim
(overall priorities)
X, 55 0.392
X, 45 0.369
X, 4.0 0.239

As can be seen from the table, when interpreting the
results, the decision maker has to make an informal
choice, because none of the alternatives has the advan-
tage over the others. Such a situation is typical for all
the working processes in which the basic process BP 1
is combined with at least one of the remaining basic
processes. In such cases, justification may rely on some
additional information about possible variants, as well
as on the decision maker’s opinion regarding the sig-
nificance of differences in results obtained for different
alternatives.

Conclusion

Management accounting and expert assessment are
two approaches which may be combined for decision
making in the field of economics and management.

There are three ways to use the results of management
accounting calculations.

First, management accounting results may be con-
sidered directly, at the final stage of the decision mak-
ing process, in parallel with the results of processing of
rules-based and expert estimates. In this case, the re-
sults of financial and economic calculations (using one
or another management accounting method) and the
results of estimates processing (using one or another
decision making method) are presented for final con-
sideration independently from each other.

Secondly, management accounting results may be
used as a background for forming estimates relying on
predefined rules (rules-based estimates), without any
additional expert assessment. Such estimates are sub-
sequently processed using one of the decision making
methods.

Thirdly, management accounting results may be
delivered to experts as source information which may
be taken into consideration during the formation of ex-
pert estimates. Such estimates are also processed using
one of the decision making methods.

Different ways of combining the management
accounting and expert approaches may be used with-
in the same task but with respect to different criteria.
It is also possible to arrange multivariate calculations,
where management accounting results for the same
criteria are used in different ways depending on the sit-
uations under consideration. All this expands the an-
alytical capability and creates a background for more
justifiable decision making. B
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AHHOTALUA

B crathe paccmaTpuBaloOTCS BOIPOCHI COUETAHMS YIIPABICHUECKOTO y4YeTa M OSKCIEPTHOTO IOAXOAa IMpH
MPUHSATUM PELIEeHUI B cpepe SKOHOMUKU U MeHemkMeHTa. [IpeanochlikaMu TaKoro coueTaHus SIBJISIETCS TO, UYTO
00a Tmomxo/a MpenroaraloT HaImdrue HEKOTOPOTO MHOXECTBA aTBTePHATUB U KPUTEPHUEB UX OIIEHKH, BHITEKAIOIINX
W3 1eJIA TIPUHSTHS pellIeHMsI, a TaKKe BO3MOXHOCTh MHOTOBAapMAHTHOW OIIEHKU aJbTepPHATUB, B 3aBUCHUMOCTH OT
paccMaTpyUBaeMbIX CUTYaIlUA.

BazoBbie Tpoliecchl TPUHSTHSI peElIeHWl, TpeaycMaTpuBaloNIie OTHOTUITHYIO 00paboTKy WHdopMaiuu,
OCHOBaHBI Ha KJIacCU(UKALIMU KPUTCPUEB MPUHATUSI PEIICHUI HA TPU THUIIA: KOJWYECTBEHHBIC KPUTCPUU, IS
KOTOPBIX MMEETCS UCXOAHAsi MHGbOpMaLU 111 MPUMEHEHUS yIPaBIeHYECKOTo yuyeTa, KOJUYECTBEHHbIE KPUTEPUH,
IUTST KOTOPBIX TaKasi ”HGOPMAIIS OTCYTCTBYET, M Ka9eCTBEHHBIC KPUTEPUH, IJIsT KOTOPBIX METOIBI YIIPABICHIECKOTO
ydeTa HellpuMeHUMBI. Ha ocHOBe KitaccuuKany KpUTeprUeB BhIICIICHBI YeThIpe 0a30BHIX ITpollecca: IpUMeHeHNE
YIpaBJIeHYECKOrO y4yeTa B YMCTOM BHIE, MPUMEHEHUE YIPaBICHYECKOTO y4yeTa C MOCIEIyIOIM OlleHUBaHUEM
aJITepHATUB I10 MpenoInpeneeHHbIM TpaBuiaM, MPUMEHEHUE YIIPaBISHUYECKOI0 yueTa C Moceayloleid SKCIepTu3oit
1 HOPMUPOBAHUEM SKCTIIEPTHBIX OIIEHOK, TPUMEHEHME IKCIIEPTHOTO ITOIX0IA B YUCTOM BUJIE.

Ha ocHoBe pa3znuyHbIX coueTaHuii 6a30BbIX MPOLIECCOB BbIACAEHBI MATHAIIATE PAOOUYMX TTPOIIECCOB MPUHSTUS
peleHuniA, BKITIo4asgd 000G6IIEHHBIN pabounii mpoliece, MpeaycMaTpUBAIOIINi IPUMEHEHUE BCeX YEThIpEX 0a30BBIX
npoteccoB. CaellaHbl BEIBOIBI O TTPAKTUYECKOM TPUMEHUMOCTH OTAEIbHBIX pabOUMX ITPOLIECCOB, B 3aBUCUMOCTH OT
CcOoCTaBa KpUTEPHEB, UMEIOIINX MECTO B 3a1a4aX MPUHATUS PEIIeHU.

Armpo6anys MpeITOXKEHHOTO TTOAX0Ia BHITIOJIHEHA Ha MpUMepe 3am1adyi 0OOCHOBAHMSI MHBECTULIMI B pa3BUTHE
MMPOU3BOACTBEHHOM KOMIIAaHWH, C TPMMEHECHHEM TpeX KIACCHYECKUX KPUTEPUEB WHBECTUIIMOHHOTO aHajIu3a
(TIepuon OKyIaeMOCTH, YMCTasl MPUBENEHHAs CTOUMOCTb, BHYTPEHHSISI HOpMa peHTa0EIbHOCTH) U TPeX KpUTEPUEB
KayeCTBEHHOTIO XapaKTepa.

KinoueBble ciioBa: IpUHSITHE PELICHU, YITpaBIeHUECKUI yUeT, SKCTIEPTHBIN IMOJIXO0/, OLIeHKA aJlbTepHATUB,
VHBECTUIIMOHHBIN aHA/IN3, METO/I aHAJIM3a UepapXUil.

Huruposanme: Isacv D.V. Decision making using a combination of management accounting and an expert approach //
Business Informatics. 2016. No. 4 (38). P. 70—78. DOI: 10.17323/1998-0663.2016.4.70.78.
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