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Y konmexcmi ynpasninna Haguanuam 6uKo-
Hanuil ananiz 0co6ausocmell ma ysazaavHeH-
HA cmpyxmypu 63a€mooii 0CHOBHUX CYMHOC-
meil npouyecy, ax eaachuxie 3nane. Iloxasano,
wo cucmema Geznepepenozo HAGMAHHA € HAli-
BAICNUBIWLOI0 CKIA006010 epexmusnoi 0itabHo-
cmi nepconany komnanii. Bionecenns ocnosnux
HOCIi6 3HaHb  KOMAHOU, 3AMOBHUKA, CUCHEM
HAGUAHHA | 2NUOUHHUX 3HAHL 00 NeGHUX Ouc-
KpemHux cmamie, 6 AKUX Modjce nepedysamu
cucmema, 00360s10mv 6idoopazumu cucmemy
3a donomozoto aanuroea Mapkosa

Kmouoei crosa: nasuanus, napaouzma, 6e3-
nepepenicmo, YnpaseaiHHs, KOMYHIKaAuii, JaH-
utoeu Mapxosa, nocii 3nanv, mpancgep

= yu

B xommexcme ynpasenenus o6yuenuem
8blnoJIHeN aHau3 ocobennocmeli u 0600uwe-
HUe cmpyKmypol 63auUMO0eUCmeus 0CHOBHBIX
cywHocmeil npouecca, KaxK 6aadeavyeé 3HA-
nui. Iloxazano, umo cucmema HenpepvieH020
o0yuenus saeasnemca eaxcHelwel cocmasusio-
well 3dexmuenoi deameavrHocmu nepconana
xomnanuii. Omnecenue 0CHOBHLIX HOCUmMeENel
3Hanuil — Komanovl, 3aKa3wuxa, cucmem 06y-
YeHUSL U 2YOUHHBIX 3HAHUL K OnpeodeieHHbIM
QUCKPEMHBIM COCMOAHUAM, 8 KOMOPBIX MONCE
HaAxo0umvcs cucmema, no3eonsom omoopa-
3umov cucmemy ¢ nomoupto yenu Mapxosa

Kmoueevie caosa: obyuenue, napaouema,
HenpepviBHOCMb, YnpasieHue, KOMMYHUKAUUU,
uyenu Maproea, nocumenu 3nanuii, mpancgep

|l =,

1. Introuction

The defining paradigm of modern education is the de-
velopment of a system of continuous, purposeful training of
specialists in postgraduate training and completion of spe-
cial education programs at the choice of organizations and
expert’s personal desire [1]. The need for “lifelong learning”
is justified by rapidly changing economic conditions, tech-
nological systems and therefore — the pressing needs of the
orientation of the growing amount of new data and knowl-
edge [2]. Throughout the working life, specialists should be
able to determine the area of deficiency of their knowledge
and competence to focus on searching for the ways to over-
come the shortage of skills and meet educational needs under
the terms of career growth and personal improvement and
development. World practice of such training is based on
the modern paradigm of continuous postgraduate educati-
on — “lifelong learning” (LLL). The recommendations of the
European Commission “Making a European area of lifelong
learning a reality” define lifelong learning as “all learning
activity, undertaken throughout life, with the aim of im-
proving knowledge, skills and competencies, within a per-
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sonal, civic, social development, and /or employment-related
perspective” [3]. Implementation of the new law of Ukraine
“On education” also provides for the creation of conditions
for lifelong learning.

Formation of openness of continuing education directs
educational institutions to adapt to the requirements of
practice by creating a learning environment and increasing
skills of working professionals and guest students [4]. Thus,
the role of individual learning increases [5]. The students
and groups of students with different levels of education and
training have different levels of motivation and attitude to
education, varied experience. To resolve this contradiction,
new departments, centers, programs and special training
should be created for high-quality educational services with
training. The openness of educational institutions and edu-
cational systems is realized through the educational and sci-
entific programs and training different in content and focus.

Development of theoretical foundations of a new para-
digm of “lifelong learning” — education throughout the life is
an important area of research because the constant training
ensures the effective work of the staff of organizations and
enterprises.




2. Literature review and the problem statement

Changes in the education paradigm have become mani-
fest in recent times, especially in the difference between un-
derstanding and acceptance of different value systems, new
learning methods and methods of assessing the success of
learning in the teaching practice, not only in the formation
of different sets of competencies which are needed by person-
nel for the success of companies in a turbulent environment
[6]. “Lifelong learning” has become over the past few years a
popular topic of research and practical developments in the
world. Search in Google for keywords “Lifelong learning”
has shown millions of web pages (Table 1).

Table 1
The number of Web pages for keywords “Lifelong learning”
Attribute Search in Google for Query The number
of web pages,
Keywords language millions
Lifelong learning en 18.6
Lifelong learning in the USA en 1.3
Lifelong learning in Europe en 1.4
Lebenslanges Lernen in Deutschland de 0.539
Apprentissage a vie en Frangais fr 131
Lifelong learning in the UK (England) en 2.65
Lifelong learning in China en 0.978
25 >J7EH[H (China) cn 2.88
Lifelong learning in India en 1.01
URT T 3HTolTa ARG (India) in 0.132
Lifelong learning in Japan en 0.894
HARIZI T 5 A TEFE (Japan) ip 224
Haguanms yepes e surts (Ukraine) ua 1.5
Haguauns suponossk xuttst (Ukraine) ua 0.437

Among the Web pages found there are thousands of
books, articles and educational materials that highlight
different perspectives on the problem of “Lifelong learn-
ing”. A large half of Internet materials are dedicated to
providing services and resources to promote various as-
pects of lifelong learning. The undisputed leaders in the
number of links on the Internet space by the theme of “Life-
long learning” are the countries: Japan (over 23 million),
France (13.1 million), China (nearly 4 million) and Britain
(2.65 million) (Table 1).

The principles of continuous education in the context
of “lifelong learning” are systematizing [7]. Educational
institutions and representatives of industry should review
the assessments of the role and place of continuing education
in the life of every professional and society as a whole. The
focus on “encyclopedic” learning content, learning material
overload should be shifted. Education should contain practi-
cal aspects of science, technology and culture. It shall form
the competence of professionals of the future. The current
paradigm of education: “Knowledge for life” is transformed
with the demands of the time in a new form of education:
“Knowledge through life” [7].

The benefits of continuing education are reflected in social
practices (social aspect) and the development of personal qual-
ities of students (the aspect of personality). The first aspect is
related to the creation of a system of continuous education, the
second — with the adoption of new individual knowledge and
competencies, which is transformed into professional achieve-

ments [8]. This allows to secure the relationship between the
responsibility of society and the individual to improve educa-
tional technologies and methods [9].

The acute need of companies and organizations in the
continuing education of staff is recognized as an actual
problem, due to the spread of scientific and technological
achievements and professional requirements to the nature
of work [10]. The format of lifelong education is understand
as a set of learning techniques and the organizational and
technical process of learning improvement, which changes
the theoretical bases of formation of the educational content
and methods of presentation and consolidation of education-
al elements [11].

But despite the general considerations regarding the ef-
fectiveness of continuous education, it should be noted that
the theoretical basis of this research area requires further
development and justification of providing quantitative
ratings. The transition from qualitative assessments of the
effectiveness of continuous education to the quantitative
assessment can be made by using mathematical models.
But now there are no models which would reflect the
quantitative performance indicators and would allow to
justify the need to move to a new paradigm of training of
the company’s employees [12]. This research reviewed the
typical structure interaction knowledge of management
training, which made it possible to use a Markov chain to
model these systems.

3. Research goal and objectives

The goal of the study is a justification of continuing edu-
cation of the staff of organizations with the help of the cogni-
tive model of knowledge interaction in project management
to effectively acquire new knowledge and skills.

To achieve this goal, the following tasks were set:

— to analyze existing methods and tools for creating the
cognitive model of knowledge interaction;

— to transform the cognitive model of knowledge interac-
tion into a homogeneous Markov chain with discrete states
which correspond to the knowledge holders;

—to identify the types of source data in educational
projects based on the indicators of uniqueness of projects for
customers and performers;

— to define how the system will behave in the event of
“connection” with the in-depth knowledge and appeal to
the education system to make the necessary transfer of new
knowledge to the project.

4. Creating a cognitive model of knowledge interaction

As a simplified model, we consider an approach to the
classification of projects based on the project uniqueness
evaluation for two major project stakeholders - the customer
and the performer (Fig. 1) [13]. Since most innovative proj-
ects solve unique challenges, transformation of knowledge
from the environment should be carried out for their imple-
mentation [14].

Each project, by definition, has the properties of unique-
ness, despite the definition of competence, proposed by PMI
in PMCDF [15], the project team not in all cases will have
a complete set of all necessary competencies for work on a
project.
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Fig. 1. Classification of projects by the degree of uniqueness

In accordance with the classification (Fig. 1), for the
successful implementation of each project, the project team
must have different “sets” of competencies and different
“amounts” of knowledge [8].

It is obvious that for projects of the II type, where the
project is unique both for the customer and for the project
team at the beginning of the work, the project team may not
have such a range of knowledge that will make it possible
to successfully complete the project. Otherwise, it will be
another type of project.

If a project is unique to the customer, and project im-
plementers are fully knowledgeable about the features of
the project, there is the option of interaction between the
customer and the performer on the principle of outsourcing
(type I). The customer full works on the project to the exec-
utor (the project team). This option of a combination of the
project uniqueness for the customer and the project team is
connected with the necessity of close interaction between
the customer and the performer in the implementation of the
project in order to increase the customer knowledge level
that will ensure the operation of the project product.

Another version of the interaction between the project
team and the customer arises in the case when the customer
has full knowledge of the features of the project, and the
performer doesn’t (type III). In this case, the executor is
involved in the project under the supervision and with the
participation of the Customer. In this instance, the project
team gets novel knowledge and practical experience under
the guidance of the customer.

The critical situation occurs when both of the project
participants (project team and the customer) do not have
the knowledge to carry out the project. The project is unique
for both parties concerned (type IT). For the customer, this
problem can be solved simply — to find another performer
who has a full set of knowledge for successful completion of
the work. For the project executor, there are two ways out
of this situation. The first way is to abandon the project.
The second way is to obtain the necessary knowledge for
this project. The ways of acquiring knowledge can be differ-
ent: learning, research, training, professional advancement,
learning best practices, internship and others. The main
feature of the process of acquiring knowledge is that new
models, methods, processes and mechanisms are transmitt-
ed to the system from the environment. If the project team
can get this new knowledge, they will relocate the project
from the critical region to the area in which risk is accept-
able. Thus, the project will no longer be unique to the project
team and pass from type II to type L.

Classification of projects according to their uniqueness
for the executor and the customer (Fig. 1) allows us to

formulate the following statement: “In the management of
unique projects, at the beginning no project team will have
a set of competencies and knowledge which will be sufficient
for the successful completion of the project”.

Thus, for successful implementation of the project, the
project team should be constantly learning and transferring
knowledge from the environment (outside) to the system of
knowledge (education system) (Fig. 2).

Education system

Practical
experience

Knowledge
generation

Project /
program /
portfolio

In-depth
knowledge

Team knowledge

Fig. 2. Cognitive model of interaction of knowledge in
project management

Based on the concept of Edward Deming [14] on the
existence of the in-depth knowledge system considering
the entities — holders or owners of knowledge: project team,
customer and system of education and training, we build
the iconographic model of the interaction of knowledge in
the project management system (Fig. 2). This model has
the cognitive properties — it allows exploring the features of
knowledge management using the Markov chain [13].

5. Development of the model of interaction of knowledge
with Markov chain

We transform the diagram shown in Fig. 2 in a homoge-
neous Markov chain (Fig. 3), discrete states of which shown
in Fig. 3 correspond to the holders of knowledge, which are
depicted in Fig. 2: S; — customer, Sy — project team, Sz —
in-depth knowledge, S; — education system. Note that the
tagged directed graph which is shown in Fig. 3, reflects not
the physical interaction of knowledge holders, but the second-
ary projection of this communication on the knowledge space.

Fig. 3. The graph of the Markov chain

The state probabilities are determined by the equation:
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where pi(k) — the state probabilities, i=1, 2, 3, 4; k — step;
m;; — transition probabilities, i=1, 2, 3, 4; j=1, 2, 3.
For each k-th step righteous expression

pi(K)+ pa(k)+ .... + pu(k)=1,

as p1(k) to p4(k) — the probability of inconsistent events that
form a complete group.

The values pi(k) to p4(k) is the probability of homoge-
neous states of the Markov chain with discrete time in which
the transition probabilities mj do not depend on the number
of steps. There is also a possibility of a delay of the system
in this state at each k step. In the graph, arrows are affixed
only to those transitions which transition probabilities are
not zero [13].

The system of interaction of knowledge in project man-
agement includes 4 states (processes) shown in the directed
graph of the Markov chain (Fig. 3). These discrete states
correspond to the holders of knowledge: S; — customer,
Sy — project team, S3 — in depth knowledge, S; — education
system. For any state s{sel, 2, 3, 4}, the total time Ty of
communications with other states can be represented as the
sum of the time intervals of communications with these con-
ditions tg{sel, 2, 3, 4; jel, 2, 3, 4}:

n=4

T,=Yt, (2)

=

where tg — time spent in project communication s—j from
the state s.

In each of the numbered communications system may
be a certain time t of the total project execution time. The
relation

makes sense probability (frequency) communications for the
transition s—j for some state s.

The sum of all transition probabilities for some state s is
unity:

0
EN

n=4 n=4
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These transition probabilities ng for any state s{sel, 2,
3, 4} represented in each row of the matrix of transition
probabilities (1) form a group of incompatible events. This
property mg{sel, 2, 3, 4; jel, 2, 3, 4} allows investigating
the behavior of the system in different variants of com-
binations of the project uniqueness for the customer and
for the project team (like shown in Fig. 1). By changing
mg; we can relocate the system into one of the four areas of
project types in the degree of uniqueness. For example, for
a project team (that meets the state Sy), the project is not
unique. Therefore, the value ny » will approach to the unity
(m2.9>0.8), because the whole life time of the project team
will be spent to find unique project solutions. In a similar
way, we can determine the values of other transition prob-
abilities based on the relation of used resource of time for
various combinations of unique projects for the customer
and for the project team (Table 2).

The rules for determining the transition probability are
shown in the above Table 2. These values can be used as

input data for modeling probabilities of change states of the
system for projects which correspond to one of four types of
uniqueness (Fig. 1).
Table 2
Determination of values of transition probabilities

Character of communication s—j The value of transition
according to resource cost in the time probabilities g
The process takes most of
. 0.8-1.0
the time resource
Average of resource time costs 0.3-0.7
Lower time spending 0.1-0.2
Low cost of resource time 0.01
No time resource spending 0

Markov chain transition probabilities for the project
environment define its characteristics which vary in discrete
time in the form of a set of probability states. Cognitive
properties of the model that is based on the Markov chain
make it possible to set some specific values of the transition
probabilities of the system.

6. Analysis of the results of applying Markov chains for
model of interaction of knowledge in project management

Under the analysis of the behavior of project systems
which contain various combinations of structures depicted
in Fig. 1 (type I-IV). It will also consider the necessity of
using training and in-depth knowledge. Since the project is a
key element of the knowledge space, the paradigm of “lifelong
learning” can be justified only if the project is successful.

6. 1. The variation of the state probabilities of the sys-
tem for the project which is not unique for the customer
and the project executor (Fig. 1, type IV)

We explain the transformation of the conditions of inter-
action of the project entities in certain values m; of transition
probabilities, for example, the formation of values of matrix
elements of transition probabilities (4). The project is unique
neither to the project team, nor for the customer. Therefore,
the interaction between holders is minimal — w1 »=0.1. This
level of communication with the performer is low. Most part of
his time the customer spends on individual work on the proj-
ect (r1.1=0.9). Spending time of resource for interaction with
the systems of training and in-depth knowledge absent, so
n1.3=0 and y {=0. Based on the rules given in Table 2, we have
determined the transition probabilities (4) for other states.

When the customer and the project team are fully knowl-
edgeable about the features of the project, in this case, the
matrix of transition probabilities may look like:

09 01 O 0
" ij": 0.1 0.88 0.01 0.01

0 001 099 0
0 0.01 0.01 098

)

The simulation results of this combination of project
uniqueness, when both the customer and the project team
have skills and know what to do are shown in Fig. 4. The
level of uncertainty of the project is negligible, so the state
probabilities, proportional to the time of the state of the
customer p1(k) and the performer p2(k) are almost identical



at step 20, which means equal cooperation. The state prob-
abilities p3(20) and p4(20) are close to zero, so that mean:
this part of the system of training and “in-depth knowledge
database” is not necessary (Fig. 4).
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Fig. 4. The variation of the state probabilities for the project
when it is not unique for the customer and the performer

6.2. The variation of the state probabilities of the
system when the project is unique for the customer and it
is not unique for the performer (Fig. 1, type I)

We use the rules from Table 2. If the project is unique
for the customer, we can take m;,=0.8 and m;,=0.2. Since
the project team has full knowledge about the features of the
project, the value mp »>0.8. It will fit most cost of resource
time. Under these conditions, the matrix of transition prob-
abilities may look like:

02 08 O 0

0.1 0.88 0.01 0.01

I=l=)'6 001 099 o | ©)

0 0.00 0.01 098

Under such conditions, we get a different state probabi-
lity distribution than that shown in Fig. 5. The load on the
project team p2(k) increases, but it, unfortunately, does not
increase the time to complete the project and the value p1(k)
decreases. Terms of use of the “In-depth knowledge data-
base” and the education system in the version that is shown
in Fig. 5, have not changed in comparison with data (4).
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Fig. 5. The variation of the state probabilities of the project
when the project is unique for the customer and the project
is not unique for the performer

6. 3. The variation of the state probabilities of the
system when the project is not unique for the custom-
er, and the project is unique for the performer (Fig. 1,
type IIT)

In the case of such a unique combination, there is the
need to identify new transition probabilities m;. If the project
is not unique, the customer does not need to interact with
the project team, the value mq 5, as already mentioned, will be
nt19=0.1. That is the level of communication with the execu-
tor is low. In case of uniqueness, the time for the executor’s
communication with the customer m, (=0.7 increases at the
initiative of the executive.

The matrix of transition probabilities is as follows:

09 01 0 0

0.7 0.28 0.01 0.01

|=.|= 0 001 099 0| ©

0 0.00 0.01 098

The simulation results show the undesirable probability
distribution for the project team: the lion’s share of time the
project belongs to the customer (Fig. 6). Under such condi-
tions, there is a need to replace the team.
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Fig. 6. The variation in the state probabilities of the project
when the project is a unique for the performer and it is not
unique for the customer

6. 4. The variation of the state probabilities of the
system when the project is unique for the customer and
for the performer (Fig. 1, type II)

We found out how the system will behave in the event of
unique project for the customer and for the project team. For
this purpose, we replace the first line (4) with the first line
of (5) and the second line — take from (6):

03 07 O 0

" ' ": 0.7 028 0.01 0.01
. 0 001 099 0

0 0.010 0.01 098

(7N

The data on the trajectory of the project for the tran-
sition probabilities matrix (7) also reflect the unwanted
system state probability distribution. The executor and the
customer are constantly looking for some proposals and
solutions on the project from each other (Fig. 7). Under such
a combination of uniqueness for both stakeholders, there is
a probability of the project failure due to lack of knowledge
and competence to implement the project.
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Fig. 7. The variation of the state probabilities of the project
when the project is unique for the performer and for the
customer, and the systems of “In-depth knowledge” and

learning are not used

6. 5. The variation of the state probabilities of the sys-
tem in case of connection to the project of the system of
“in-depth knowledge” and education. The project is unique
for the customer and for the performer (Fig. 1, type II)

We determine how the system will behave in the event
of “connection” of in-depth knowledge and appeal to the
education system to transfer new necessary knowledge to
complete the project. Of course, in this case, a part of time
will be used for training, rather than direct activities to
complete the project.

In the case of “connecting” in-depth knowledge and
ppeal to the training system, the matrix of transition prob-
abilities can be:

03 07 0 0

103 035 0.1 0.25

=l 03 07 o ®

0 03 01 06

In the case of connection of “in-depth knowledge” [14]
and appeal to the education system, the characteristics of the
project team work change (Fig. 8).

The simulation results show that the project execution
parameters and characteristics of acquiring new knowledge
through knowledge generation in consequence of the use of
the “in-depth knowledge system” change significantly (ac-
cording to E. Deming). Apparently, the system of education,
the variation of the state probabilities of which is shown by
the curve p4(k), virtually becomes a part of the project.

Using the cognitive model of the results presented in
Fig. 4-8, allows justifying the paradigm of “lifelong learn-
ing”. The knowledge management structure includes some
fundamental entities: the customer, the team, training and
in-depth knowledge systems of the knowledge owners. These
entities are in a constant process of knowledge sharing. The
systems of training and in-depth knowledge play a role of

generating new knowledge, which was absent in the project
environment. The controversy over the fact that any project
team initially will not have the required set of competencies
can be overcome through lifelong learning [17].
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Fig. 8. The variation of the state probabilities-for the project
when the project is unique for the performer and for the
customer and in case of connection of “in-depth knowledge”
and appeal to the education system

7. Conclusions

The studies were conducted as a theoretical basis of a
new paradigm of “lifelong learning”, which is an essential
component to ensure efficient operation of the staff:

1.In a theoretical study, it is assumed that the com-
petence and knowledge are continuously improved. These
changes are formed through the basic nature of the custom-
er, project team, training system and in-depth knowledge
system as the knowledge of the owners transformed in the
project environment.

2. The results are the justification for continuing train-
ing and acquiring additional education of personnel in the
deficit of knowledge that is necessary for the implementation
of unique projects. The data obtained using the cognitive
model created to show the interaction of knowledge in
project management is very important for understanding
the approaches to the formation of the project team. For
any project team at the start of the unique projects, there
is a probability of failure to meet the requirements of com-
pleteness of possession of the necessary knowledge and
competencies.

3. Continuing education ideally is aimed at balancing
between the needs of society and the motivational structure
of personality that actually allows implementing necessary
mechanisms through the influence of education on the so-
cialization of the individual. The typical structure of knowl-
edge interaction in the field of project management enables
to hypothesize about the possibility of using Markov chains
to model these systems.
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