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Abstract

The paper provides a brief description of cognitive management, which opens up unique
opportunities for the effective management of enterprises in modern complex and unstable conditions.
The problems of commercializing this promising paradigm are discussed. It is pointed out that the main,
critical one of these problems is due to the lack of developed engineering of cognitive management. A
conceptual framework for solving this problem is proposed, based on the convergence of the ideas and
methods of the “cognitive school” and the empirical experience gained in knowledge engineering. The
results of using the conceptual framework in four research projects of different industry orientations,
with different internal conditions and different dynamics of the external environment are presented.
The engineering prospects of the proposed framework are discussed in terms of the commercialization
of the cognitive school identified by H. Mintzberg, B. Ahlstrand and D. Lampel 30 years ago.
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Introduction

esearch into strategic management is

usually said to have begun in the mid-

1960s. Sometimes 1951 is cited [1].
But studies on military strategic construction
appeared much earlier: for instance, Sun Tzu’s
famous treatise on the art of war is attributed
to the 5th century BC. The range of studies on
strategic management began to expand rapidly
in the early 1980s, when business leaders faced
the growing complexity of the business world
and realized the need for strategic analysis of
the prospects for their business success.

In recent years, business has come up
against new challenges that require a sub-
stantial revision of established concepts and
traditional strategic management tools [2].
One of the most serious problems that man-
agers have been facing recently is under-
standing complex causal chains that deter-
mine the impact of the external and internal
conditions of an enterprise on the goals and
properties of the strategy being developed.
Today, this problem is compounded by the
growing complexity and instability of the
economic environment, leading to numer-
ous uncertainties and risks.

In the new environment, the use of tradi-
tional strategic management tools encoun-
ters serious limitations everywhere, dictating
the need to create new tools that are appropri-
ate to the research nature of modern manage-
ment practice [3]. Ideas and methods of the
cognitive approach open up great opportuni-
ties for creating such tools [4, 5]. Cognitive
approach-based support tools can be regarded
as tools of a new generation forming within
the framework of the research paradigm of the
cognitive science [6]. This paradigm today is
focused on solving a wide range of complex
problems of the modern world in a variety of
fields: economics, sociology, politics, ecology,
industry, business, emergency situations, etc.,
including strategic management.

There are many studies devoted to cogni-
tive management. However, most of them
have been conducted by management theo-
rists, mathematicians or psychologists, and
they are very far from the demands of man-
agement practice. More than thirty years
have passed since the birth of the cognitive
school of management [7]. Numerous pub-
lications widely discuss the tempting and
promising prospects of this school, however,
to date, there is still no developed cognitive
management engineering, which (as in the
case of all other knowledge-based technolo-
gies) is a critical link in cognitive analytics

8].

It is significant that of all the publications
on cognitive management we have analyzed
(academic journals, monographs, confer-
ence proceedings) we have not come across
a single one written by a specialist with expe-
rience in the practical development of com-
mercial models. Most of those publications
analyze the problems of the cognitive process
and discuss theoretical problems for future
research.

At the same time, long-term practice con-
vincingly indicates that an important pre-
requisite for creating the engineering of
all knowledge-based technologies without
exception [8] is critical analysis and gener-
alization of the results of applied develop-
ments that form the empirical “axiomatics”
of the problem area, which is no less impor-
tant than numerous theoretical construc-
tions.

Even thirty years ago, the authors of [7]
pointed out that the body of work of cogni-
tive school followers “forms not so much a
tight school of thought as a loose collection
of research, which seems, nonetheless, to be
growing into such a school. If it can deliver
on its intentions, it could very well transform
the teaching and practice of strategy as we
know it today” [7].



In our opinion, the solution to this complex
“stagnant” problem can be facilitated by the
creation of advanced cognitive management
engineering, which includes two basic com-
ponents: a single conceptual framework that
combines the entire variety of existing strate-
gic concepts and a systematic library of cog-
nitive tools that allow these concepts to be
implemented in concrete strategic projects.

Apparently, the possibly most effective
way to solve this problem is a convergence
of ideas and methods of the cognitive school
of strategic management and the empirical
experience gained in knowledge engineering
[9]. In this paper, we propose one of the pos-
sible versions of the conceptual framework
constructed in this way, presenting the results
of the development and testing of cognitive
models for four research projects differing in
industry orientation, internal conditions and
different dynamics of the macroeconomic
environment obtained within this frame-
work. The goal in these projects was not to
create commercial support tools. The main
goal pursued by the authors of the projects
was to test the possibility of using a single
conceptual framework when creating applied
models for enterprises of various configura-
tions. The developments were of a research
nature and were carried out from 2004 to
2018 by four independent groups.

In the following paragraphs, we provide:

(1) a general description of the cognitive
approach to the problem of strategic man-
agement modeling reflecting the characteris-
tics of enterprise management in an unstable
economic environment;

(2) the proposed conceptual framework of
cognitive management, integrating modern
cognitive experience in a single ontological
project;

(3) abrief description of the cognitive mod-
els developed during the implementation of
these projects;

(4) some most significant, in our opinion,
results obtained by us in the development and
testing of models, which, taking into account
the specifics of concrete projects, can never-
theless be of interest to a wide range of spe-
cialists concerned with engineering issues.

The findings presented in the conclusion
reflect not only the opinions of the model
makers, but also the opinions of the pro-
ject stakeholders, as well as the experience in
developing cognitive models in other areas.

1. General description
of the cognitive
approach

Modern ideas of the cognitive approach to
the management of complex problem situa-
tions have been described in numerous publi-
cations, e.g. [4, 5, 10]. Within the framework
of these ideas, cognitive modeling is a cogni-
tive map-based modeling aimed at studying a
problem situation and finding the optimal (in
one sense or another) strategy for managing
this situation. The main components of cog-
nitive models are the cognitive map and meth-
ods of its analysis.

1.1. Cognitive map

A cognitive map is an explicit representation
of “mental models” [11] of management sub-
jects about the conceptual structure, laws or
patterns of a problem situation.

The main components of a cognitive map
are:

(1) a set of basic factors characterizing the
problem situation (the management object
and its external environment);

(2) cause-and-effect (causal) relations
between basic factors represented by certain
formalisms.

Currently, the formalism of digraphs is used
to build cognitive maps in most cases [12].
The vertices of the digraph are the factors of



the problem situation, and the arcs are the
causal relations between them.

On the set of basic factors, we set:

4+ a subset of target factors reflecting the
desired state of the management object,

4+ subsets of uncontrollable and controllable
factors of the management object,

4+ a subset of external environment factors
that may affect the problem situation.

For each of the factors, its current value or
the tendency of its variation is established. For
causal relations, the nature of the impact of
the cause factors on the effect factors is estab-
lished.

Situation management consists in such a
change in the controllable factors of the man-
agement object that would lead to the desired
changes in the target factors.

It should be noted that digraph-based maps
are currently the most popular in cognitive
research, however the range of formalisms that
can be used in the building of cognitive maps
is much wider. Along with the digraph formal-
ism, cognitive maps can also employ such for-
malisms as M. Minsky’s frames, genetic net-
works, relational matrices of the American
Society for Quality, scenario networks, etc.

1.2. Cognitive map
analysis methods

Cognitive map analysis methods are devel-
oped to conduct model experiments on a cog-
nitive map in order to solve a wide range of
management problems, e.g. choosing the stra-
tegic goals of an enterprise, strategic diagnos-
tics of the external and internal environment
of an enterprise, developing an “optimal” (in
one sense or another) enterprise strategy in an
uncertain and dynamic economic environ-
ment, auditing a strategy, assessing its stability
and effectiveness, adjusting strategy in a chang-
ing environment, etc.

2. Conceptual framework
of cognitive management

The problem of finding the best strategy in
today’s business environments is extremely
complex. It can be fully regarded among the
class of complex problems, the solution of
which is beyond the competence of the tradi-
tional theory of strategic management.

The “phenomenon of complexity” is due to
five major features of modern strategic man-
agement, which management practice faces
everywhere nowadays. Such features are: the
uniqueness of each strategic project, multi-
factoriality, multidimensionality (multidisci-
plinarity), dynamism and uncertainty of the
problem of strategic choice, the substantial
role of strategy developers’ mentality, as well as
strategic decision makers.

There have been known attempts to cre-
ate one-size-fits-all cognitive support tools for
strategic problem solvers [13—16]. However,
practice shows that in the complex and diverse
environment in which modern enterprises
operate, the creation of universal tools is futile
and does not justify itself. What is needed is not
universal tools but some unified methodology
that allows building cognitive models for con-
crete enterprises for a concrete period of time,
taking into account the strategic vision of the
owners and managers of this enterprise [17].

The first step in the formation of this kind of
methodology is the development of a concep-
tual framework of cognitive management that
is common to all its applications. The funda-
mental fact here is that a conceptual frame-
work in such a complex problematic envi-
ronment cannot be developed on the basis of
traditional formal axiomatic approaches. The
empirical approach widely used in knowledge-
based technologies [18] is apparently more
appropriate here.

Within this approach, the conceptual frame-
work of cognitive management can be repre-
sented as follows:



P(CM): S°(C) = S(O) | v
where P (CM) is the full knowledge of the prob-
lem area of cognitive management;

S°(C) is the current state of the analyzed
business situation set on the cognitive map;

S¢(C) is the target state of the analyzed busi-
ness situation set on the cognitive map;

U(P) is the management strategy establish-
ing the sequence of strategic steps that ensure
the transition of the business situation from So
to Sc.

It is clear that the full knowledge P(CM) should
reflect the accumulated theoretical and practi-
cal experience of the problem area.

The study and critical analysis of the vast
material devoted to cognitive modeling of
management problems [19—26], as well as the
authors’ personal experience suggest that the
full knowledge P(CM) can be represented as
an ontological project including the following
sections:

1. Applied problems that can be solved with
the help of cognitive management engineer-
ing. The problems can be presented in the form
of separate questions to which answers can
be obtained and, thus, they are the subject of
engineering.

2. A set of postulates or axioms that show
what assumptions were made during the devel-
opment of engineering. The axioms or pos-
tulates describe the conditions and limits of
applicability of engineering.

3. The list of concepts of strategic manage-
ment that are currently in place in manage-
ment science and practice.

4. A systematized library of applied tools to
implement these concepts in specific strategic
projects.

4.1 Support tools for choosing the concept of
strategic enterprise management.

4.2. Support tools for choosing the language
of presentation (formalism) of cognitive maps.

4.3. Support tools for structural and func-
tional identification and parameterization of
cognitive maps.

4.5. Many methods of analysis of cognitive
maps for solving applied problems.

The structure of P(CM) presented is essen-
tially a “protoframe” of engineering and solves
two important problems.

First, it expands the traditional idea of
schemes for solving applied problems of stra-
tegic management by including the stages of
postulating cognitive analysis, choosing the
concept of strategic management, choosing
an appropriate language for representing cog-
nitive maps, carrying out structural and func-
tional identification and parameterization
of cognitive maps. Without addressing these
issues, cognitive business analysis in most
cases loses all practical meaning.

Second, it systematizes the directions of
efforts aimed at the development and accumu-
lation of applied capabilities of cognitive anal-
ysis in solving issues that are important in the
context of management practice, including but
not limited to:

4+ identification of contradictions between
the goals set by the management subjects;

4+ analysis of the effectiveness of the con-
trollable factors of the cognitive map and their
importance according to the degree of impact
on the established goals;

4+ designing various options for management
strategies (“self-development strategy” and
various versions of “controlled development
strategies”);

4+ modeling the dynamics of alternative man-
agement strategies in various scenarios of the
development of the external environment and
choosing the optimal (in one sense or another)
strategy;,



4+ studying the stability of the selected
strategy in critical situations caused by pos-
sible external environment threats;

4+ monitoring the strategy in the process of
its implementation;

4 retrospective analysis of the adequacy of
the cognitive map and its adjustment.

The production part of the ontological
project today includes a lot of publications
related to solving the main problem of stra-
tegic management — choosing the enter-
prise development strategy.

A preliminary systematization of these
studies can be done using descriptors char-
acterizing their engineering efficiency:

1. the horizon of analysis, which the tool
is focused on (short-term, medium-term,
long-term);

2. the nature of the external environment
of enterprises for which the tool is devel-
oped (static, dynamic);

3. the stage of development of the strat-
egy for which the tool is intended (strategic
identification of the external and internal
environment of the enterprise, conceptual-
ization of the strategic vision of the owners
and top management of the enterprise, for-
malization of the strategic vision in the form
of a cognitive map, development (selection)
of map analysis methods, testing of the cog-
nitive model [27]);

4. the level of development of the tool
(theoretical proposal, demonstration proto-
type, research prototype, functional proto-
type, industrial version [9]).

We use this systematization to character-
ize the cognitive models developed during
the implementation of the four mentioned
projects.

3. Cognitive
analysis projects

Project 1. An assessment of the strate-
gic prospects of an offshore oil company in
the Caspian Sea region, the operating con-
ditions of which are characterized by typi-
cal modern trends: fluctuations in world oil
prices caused by geopolitical factors, the
global financial crisis, growing government
regulation, tightening environmental stand-
ards. The study was carried out jointly with
the Petroleum Engineering Department of
the Texas A&M University (College Station,
Texas, USA) under a creative cooperation
agreement with BP Azerbaijan.

Project 2. Identification of key competen-
cies for the strategic development of a tel-
ecommunications company — a regional
dealer of Microsoft, Cisco Systems, HP,
Intel. The company is engaged in the devel-
opment, installation and maintenance
of industrial, administrative and medical
information systems, as well as IP and CTI
telephony systems for telecom service pro-
viders and corporate clients.

Project 3. Analysis of management effec-
tiveness at a poultry enterprise of a holding
company in Baku. The problem was caused
by the critical situation due to an increase in
prices for raw materials and feeds, a decrease
in prices for finished products, an increase in
competitive pressure, difficulties in obtain-
ing commercial loans, insufficient qualifica-
tions of managerial personnel, as well as a
decrease in the share of profits allocated to
the refinancing of the enterprise (in particu-
lar, due to the corruptive pressure of the reg-
ulatory authorities).

Project 4. Selection of regional ICT man-
agement strategy. The project was imple-
mented with financial support from the
Ministry of Communications and Informa-
tion Technologies of Azerbaijan. Its rele-
vance was due to the fact that the transition
of the country to the information (digital)



economy made the issue of the impact of
information and communication technolo-
gies (ICT) on the economic growth of var-
ious economic entities vital. The issue was
most acute at the regional level. This prob-
lem is quite complicated. Until now, it has
been the subject of numerous discussions
and has been known in economic practice
for over thirty years as R. Solow’s paradox
(“the productivity paradox”) [28].

The problem is multifactorial, uncertain
and dynamic and cannot be solved using tra-
ditional econometric methods. Those inter-
ested in this issue can browse the Internet
to see how many unsuccessful attempts to
tackle it have been made in international
practice. In particular, the authors of such
attempts used such methods as correlation
and regression analysis, estimation meth-
ods based on the Cobb—Douglas production
function, research based on the methodol-
ogy of economic impact analysis. Mention
may be made of the iSociety project sup-
ported by Microsoft and Pricewaterhouse-
Coopers that examined the impact of ICT
on the efficiency of everyday business in the
UK, as well as the McKinsey study that ana-
lyzed the channels of the impact of ICT on
productivity based on the study of relevant
business processes.

In our case, a cognitive approach was used
to solve the problem posed [29]. The results
of a large-scale Economist Intelligence Unit
study (EIU, 2004), which is a combination
of system analysis methodology and business
review, were used as a conceptual basis at the
stage of strategic concept selection.

Model experiments conducted during the
implementation of this project have shown
that cognitive modeling opens up fundamen-
tally new opportunities not only for assess-
ing the economic impact of ICT, but also for
managing this impact, i.e. for carrying out
an effective ICT management strategy.

4. Brief description
of the developed
cognitive models

The main characteristics of the models devel-
oped in the above projects were:

4+ the adopted concept of strategic manage-
ment;

4+ the cognitive map formalism reflecting the
logic of the adopted concept;

+ methods for building and analyzing a cog-
nitive map;

4+ scales for assessing the values of basic fac-
tors and causal relations of the map.

The characteristics of the models developed
in these projects are shown in Table 1.

Examples of building cognitive maps can be
found in [29, 30].

5. Discussion

The experience of developing and testing
cognitive models in these projects has shown
the following:

1. In practical business problems, cognitive
modeling faces the same difficulties as other
intelligent (knowledge-based) technologies.
This is an issue of high-quality expert knowl-
edge used in building cognitive models, all
kinds of “traps” and “expert paradoxes” [9]
that arise when working with experts, diffi-
culties in choosing an appropriate detail level
for cognitive maps, and an urgent need for an
intermediary specialist (knowledge engineer,
meta-interpreter cognitologist), etc.

2. Cognitive modeling acquires practical
significance only within the framework of
the strategic diagnostic methodology, which
includes the stages of macroeconomic and
marketing analysis in the context of the exter-
nal environment dynamics. Ignoring these
stages reduces cognitive models to mathemat-
ical objects that are far removed from the real-
ities of business practice.



MODELING OF SOCIAL AND ECONOMIC SYSTEMS

Table 1.

Characteristics of the cognitive models developed during
the implementation of the projects

Project Adopted o Scales
No. (project concept Strtu alllg) c“:: huﬂ:lm_g for assessing
development of business ype anc anaysis factors
of CM methods
level) strategy and trends
Building methods:
SWOT analysis. PESTLE analysis.
, “Resource— Implicit repertoire lattices of S. Hinckle. _
Prol[;agt 1 oriented” Digraph Interaction matrix (L. Jones, 1982) 5_?.0'm bipolar
(OP) (R. Grant, 1987) Analysis methods: Inguistie
Models of linear dynamics F. Roberts.
Scenario analysis method.
Building methods:
Ishikawa diagrams.
VRIO analysis (J. Barney, 1987).
“ Relational eTOM.4.0 business process model
. School ., | Matrices | (Intern. Telecommunication Union/Stand- _
Project 2. of competencies (ASQ Matrix | ardization Sector). “Consumer opinion 10—pp ”.]t
(RP) (C. Prahalad, XL Diagram) | model” (IBM, USA). “Resource model” linguistic
G. Hamel, 1990) (8] (American Society for Quality, USA).
Analysis methods:
Fuzzy causal grid analysis [8].
T. Saati hierarchy analysis method.
Building methods:
SWOT analysis. PESTLE analysis.
“Competitive analysis model”
(M. Porter, 2003).
. L Methods of psychosemantics and o
Project 3. Migration Digraph |  multidimensional non-metric scaling 5-point bipolar
(RP) strategy” [1] (M. Davidson, 2003). linguistic
Analysis methods:
Qualitative dynamics models based on
rules [5] and temporal logic
(Pospelov, 1986).
. Building methods:
. Econ_omlst . System analysis + Business review ,
Project 4 Intelligence Minsky PESTLE analysis 10-point
(RP) Unit concept frames ] linguistic
(EIU, 2004) Ana]ys:s mgthods:
Scenario modeling method

Legend: DP — demonsration prototype; RP — research prototype; BM — CM building methods; AM — CM analysis methods.
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3. One of the key issues of cognitive man-
agement is that of choosing a reasonable level
of detail (“granulation”) of cognitive maps.
It stems from the fact that the use of cogni-
tive maps with a low detail level often leads to
the loss of details wherein the devil is known to
be. A critical review of relevant literature and
discussions with colleagues has led us to con-
clude that the issue requires further study and
can be regarded as one of the areas for further
improvement of cognitive analysis, in particu-
lar, the development of an effective “multiscal-
ing” mechanism similar to the design proposed
by the RAND Corporation [31].

4. Serious difficulties arise in the scenario
analysis of the strategies developed. Non-
monotonic dynamics of the external environ-
ment and the need for a multivariate analysis
of strategies in a broad “scenario corridor”
require the development of an engineering
modeling technique that is different from
that offered by higher mathematics [19, 22].

5. Collaboration with employees of enter-
prises has shown that they did not have a
clear opinion on the effectiveness of cogni-
tive modeling. At the same time, 12 out of
17 respondents showed active interest and
felt that cognitive modeling is a promising
and useful technology. At the same time, our
observations have revealed a very important
latent feature of cognitive analysis: it stim-
ulates the cognitive and creative activity of
strategy developers in the most complex and
critical phase of “strategic thinking” — the
phase of afferent synthesis of strategic deci-
sions.

6. The work in the projects has convinc-
ingly confirmed the fact that the suitability
of cognitive models depends primarily on the
“quality” of knowledge in its foundation, the
carriers of which are the strategy developers,
their competencies and professional experi-
ence. Cognitive modeling only enhances and
expands their analytical potential.

7. The high changeability of the busi-
ness environment today imposes stringent
requirements on the timeframe of construct-
ing and testing cognitive models. This is
the fundamental difference between cogni-
tive management and many other cognitive
applications. In this regard, it becomes crit-
ically important to create effective support
tools (high-level languages, system shells,
scenario networks) for the “quick” develop-
ment and testing of cognitive models — an
issue that is currently completely dismissed
by theorists of the cognitive school.

Conclusion

Note some general considerations regard-
ing the advantages and shortcomings of cog-
nitive modeling, which, according to the
analysis of the few applied studies, are rel-
evant for other applications of the cognitive
approach.

1. As in all “knowledge-based” technologies,
the necessary condition for success is, first, the
experts involved (top managers, business con-
sultants) possessing high-quality knowledge
and, second, the involvement of a knowledge
engineer playing a key role in the initial stages
of the cognitive process.

2. The fundamental advantages of the cogni-
tive approach are:

« the capability to study the dynamics of
a business situation in a complex, rapidly
changing PEST environment, when the
available data is not enough to build a com-
plete simulation model;

« the capability to study business situations,
taking into account the multi-factorial
“institutional shell” of the enterprise [17];

« the capability to study business situations
in the presence of multiplicative and feed-
back connections between environmental
factors, as well as in the presence of vari-
ous threshold effects.



None of the many traditional strategic man-
agement support tools have such capabilities.

3. Cognitive analysis opens up new per-
spectives for decision theory. The possibil-
ity of purposeful generation of optimal strat-
egies, which is not available in well-known
commercial DSS packages, determines a fun-
damentally new approach to decision-mak-
ing: not “choosing the best solution from the
many available alternatives” (RAND Corpo-
ration paradigm), but purposefully generating
the “best solution”.

4. Testing of cognitive models has revealed a
number of challenges:

« due to the discrete structure of models,
only a rough approximation of continuous
processes is possible. One has to carefully
consider the sequence of factors in causal
networks and take into account whether
the effects of some factors on others are in
sync, or whether they are offset from each
other;

« one has to be careful when parameteriz-
ing cognitive maps, especially when evalu-
ating the strength of causal relations that
can change during scenario transforma-
tions;

« parameterization of cognitive models in
the case of complex (multi-factorial) cog-
nitive maps faces an “integrity issue.” The
widespread belief that the values of each

factor and each causal relation can be
determined individually is, in our opinion,
deeply erroneous. According to our obser-
vations, although these assessments are
made individually, they are highly corre-
lated with the gestalt of the problem situ-
ation formed by strategy developers on an
intuitive level [32]. This fact severely limits
the working formats of cognitive maps and
makes it unproductive to deal with popu-
lar large-format maps, in which basic fac-
tors and causal relations number in tens or
even hundreds.

5. The complex economic environment in
which enterprises operate today significantly
limits the possibilities of traditional economic
and mathematical modeling. In the prob-
lems of strategic choice, knowledge-based
modeling becomes relevant. Modern stra-
tegic research virtually turns into a complex
engineering art [ 18], shaping a new promising
trend of managerial business analytics. Criti-
cal analysis shows that cognitive management
is currently the only uncontested paradigm
that can ensure the successful implementa-
tion of this trend [33]. However, it also shows
that the field of cognitive management engi-
neering today is riddled with issues that must
be solved lest the cognitive school of manage-
ment, like thirty years ago, remain a tempting
and promising potential rather than a practi-
cal tool. m
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