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COMPLEX METHOD OF THE KNOWLEDGE MANAGEMENT EFFICIENCY
EVALUATION IN THE PROJECT ENVIRONMENT

Abstract. There are a large number of modern approaches to the development and implementation of organizational
knowledge management systems, methodologies and models of knowledge management. Each of them has its own
peculiarities, advantages, and disadvantages, aimed at supporting the knowledge saving process. At the same time, the
question of the knowledge system effectiveness remains unclear, what complicates the decision-making process. The article
analyzes modern approaches to assessing the effectiveness of the knowledge management system and the feasibility of its
implementation in the project environment. The approaches analyzed, such as Kaplan-Norton's Balanced Scorecard
(Kaplan-Norton), Non-material Asset Monitor (K.Sweeb), Skandia Navigator (Edvinsson), etc., can be used as macro
indicators to determine the benefits of Knowledge Management System, but these indicators cannot reflect actual benefits
gained solely by this system in relation to business processes and organizational project objectives. Thus, the actual
scientific task is not only to develop a specific method of quantifying the benefits that the Knowledge Management
System provides, but also to create indicators for project implementation evaluation through Knowledge Management
System efficiency. The paper objective is to develop a comprehensive method for evaluation of the effectiveness of the
Knowledge Management System, taking into account the specifics of project management. The proposed model is a multi-
stage process, which allows increasing the reliability of the final decisions on knowledge management in the project and
evaluating the profitability of the system. In addition, the model allows reducing the cost of the project, by simulating the
influence of the system elements on project parameters. The proposed model is aimed at optimization (the choice of the
best algorithm from several), identification (the definition of a system with the most relevant qualifications to the real
object in the given conditions) or decision-making on Knowledge Management System in a project environment. Further
research will be aimed at the development of automated tools for implementing the model, which will optimize the use of

the model in project-oriented organizations.
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Introduction

Problem statement. During the last decade,
scientists are paying a lot of attention to knowledge
management (KM). At the same time, approaches to
assessing the effectiveness of implementing KM
instruments are not sufficiently investigated. In other
words, organizations spend a significant amount of
resources on the creation and improvement of knowledge
infrastructure (both management tools and software), but
at the same time, insufficient attention is devoted to the
development and use of tools that measure the results
and effectiveness of investments in KM.

Analysis of recent research and publications. An
analysis of recent research has shown that there is a small
number of studies in which authors propose methods for
assessing the effectiveness of KM, but they do not take
into account the specifics of KM in the project
environment. Due to a number of features inherent in the
design environment, the process of evaluating the
effectiveness of using KM is considerably complicated.
First, the specificity of project management lies in the
uniqueness of the results, so most of the knowledge
gained in previous projects cannot be used directly, but
need adaptation, that is, the knowledge user will spend
some time adapting knowledge. Secondly, in the process
of project implementation there is a change in the
composition of teams, which leads to the need to involve
experts from other projects and units in solving a
particular problem, so estimating the time spent solving a
problem within a single project adds the time spent by the
employee in implementing another project. In the process
of modeling the quantitative assessment of the benefits of

implementing KM tools, there are three types of key
benefits for project management:

1) saving time during problem-solving - reducing
the time for the tasks of the project;

2) saving labor costs - saving man-hours of the
project in problem-solving;

3) profitability - saving costs during problem-
solving,

To date, the paper [1] is among the most
mentioned studies to assess the effectiveness of KM.
The authors proposed eight steps to create performance
indicators for KM that are structurally divided into three
stages: 1) strategic level - the development of activities
that assess the goals of the organization; 2) Indicators
containing an intermediate level linking process
performance indicators at the operational level with
business performance indicators at the strategic level; 3)
indicators containing an operational level that reflect the
measured performance of the KM process. But the
proposed method is not adapted for its use in the project
environment, which complicates the estimation of
duration and cost of project tasks.

Thus, the lack of methods for quantifying the
benefits gained by the organization from the
introduction of KM in the project environment
complicates the decision-making process regarding
investment volumes and their subsequent use during
project implementation.

The paper objective is to develop a comprehensive
method for assessing the effectiveness of the KM system
that takes into account the specifics of project
management and allows us to develop a system of
indicators for decision-making based on its profitability.
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Quantitative assessment
of intellectual assets

Since the value created with the use of KM is an
intellectual object, the methods of measuring
intellectual resources can also be taken to assess the
value of KM. There are different modern approaches for
evaluation of the results of KM implementation. Today
there are dozens of the most widespread approaches to
the assessment of intellectual capital, which can be
divided into two groups [2]: qualitative and quantitative.
In such a structure, qualitative methods (for example,
the Kaplan-Norton Balanced Scorecard, the Non-
material Assets Monitor K. Svyeb, the Navigator
Skandia L. Edvinson, etc.) are aimed at analyzing the
elements and structure of the intellectual capital of the
organization, and quantitative methods carry out a
monetary assessment intellectual property. In turn, there
is also a group of "others" that combines indicators
reflecting fluctuations in the price of intellectual
property.

Let's consider some models in details. For
example, Kaplan-Norton's Balanced Scorecard [3] aims
at creating a link between the organization's strategy and
operational activities, based on analysis of relationships
with clients, financial indicators, business processes,
growth rates, etc.

Using the Intangible Assets Monitor [4],
developed by K. Swibe, the organization creates an
interconnection between the elements of intellectual
capital (the external and internal structure is presented
as organizational capital, and qualification - as an
individual) with four characteristics of the enterprise
(growth rate, innovation efficiency, risk).

The analysis of qualitative models showed that their
specificity does not correspond to the initial task, that is,
the description of intellectual capital, which has market
potential, cannot fully solve the problem of assessing the
effectiveness of KM in the project environment. Authors
of works [5, 6] divided the set of quantitative models into
expendable, profitable and market models. Cost methods
equate the actual costs incurred by the organization in
creating an intellectual asset to its carrying amount. This
is not a fair approach because of the constant change of
asset value. In turn, profitable methods are based on the
fact that the value of intellectual capital is created by its
ability to generate more profit. The market subgroup
relies on the increase of intellectual capital in comparison
with competitors, that is, it uses the market value of the
intellectual property.

All above-mentioned methods evaluate intellectual
resources in terms of organizational (or corporate)
level. They can be used as macro indicators to
determine the benefits of KM, but such indicators can
not reflect the actual benefits gained solely by the KM
system in relation to business processes and project
objectives of the organization. Thus, the actual research
objective is not only the development of a specific
method for quantifying the benefits that KM provides
for the implementation of projects, but also the creation
of indicators, through which it is possible to assess the
effectiveness of the project management KM system.

Taking into account the above-mentioned aspects,
the assessment of the system's efficiency must be
expressed through the performance of the managed
system and its own characteristics.

Model of estimation of KM efficiency

Thus, in order to solve the problems presented
above, a complex model for assessing the effectiveness
of project KM is proposed. The structural scheme of the
model is presented in Fig. 1.

Project statistics
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by rank correlation analysis
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Fig. 1. Structural scheme of elements of the estimating
the KM method efficiency in the project environment

The proposed model is aimed at optimization
(choice of the best algorithm among several ones which
implements one law of the functioning of the system),
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identification (the definition of a system whose quality
most closely matches the real object in the given
conditions) or decision-making with the management of
the system ultrasound. During the implementation of the
model, the project statistics (data on the duration and cost
of work) and information from the project implementation
plan, as a result of processing in 7 stages, turns into a
quantitative assessment of the performance of the system
of ultrasound and its individual elements. The process is
carried out with the involvement of experts from different
departments involved in the project implementation
process. Let's consider all the steps in detail.

The presented structural scheme reflects the
sequence of stages, their inputs, and outputs, as a result
of the implementation of the listed stages. Based on the
information obtained through the implementation of the
model, the project manager and management of the
organization can make informed decisions about the
development KM system and the work of this system in
the process of project implementation.

Stage 1. Expert evaluation of the list of names of
indicators by rank correlation analysis.

The input data for the KM performance model is
the project's statistics on the duration and cost of the
tasks. Such data should be processed using the expert
judgment method to eliminate statistical links. The stage
is performed in the following steps:

1) development of a generalized assessment of
project indicators based on individual expert assessments;

2) development of a generalized assessment based
on a paired comparison of objects by each expert;

3) determining the relative weights of objects;

4) determination of consensus of expert opinions;

5) determination of dependencies between
rankings;

6) assessment of the reliability of the results of
processing.

Stage 2. Processing of statistical values by
quantitative correlation analysis.

As a result of this phase, the agreed classification
of the names of the project data is converted into
normalized statistics, divided into groups of works of
the project. Correlation analysis is carried out within
each group of works identified by the project manager
and confirmed by experts in the previous step regarding
the cost and duration of tasks in this group (x;;y;).

Next, the indicators of variables, data indicators
and the impact of these indicators on the groups of
works are determined, for which it is expedient to use
factor analysis and the method of the main components,
are determined. In addition, at this stage, using the KM
structural scheme, the project manager defines the
structure of the whole system by selecting the
appropriate subsystems and modules from the proposed
classifier, which will be subject to further analysis.

Stage 3. Finding of coefficients of influence of
data, the formation of factor indicators and construction
of the actual structural scheme of the KM system.

On the basis of the data obtained in the previous
stage, it is necessary to find an influence on the system,
using a set of indicators (formal factors of influence),
which are formed as follows. First, the convolution

result of the system is set. This is the system index or
the integral index of the system. Such indicators and
indices are determined by the matrices of data, which
are prepared using correlation analysis.

For example, let the group WR (x;;y,), where X
is the cost of a group of works, y; is the duration of a
group of works, includes the tasks with the following
indicators: (zy;u1), (zy3uy), (z35u3), (z4;u4) cost and
duration of works, respectively, which are part of the
group, for which we have statistics for 5 years. Then the
data of the WH project group can be represented as a

matrix:
1 1 1 1 1
72, a2, 7, 2, kz "z
X\ =| 72, 22, %y 2y keazy (1
73, 73, Z3, I3, kzy "Z3,
Z4, 24, Z4, Z4, kzy "2y
1 1 1 1 1
wy,oowy, o wy o uy, o kupugg
Y =| Uy Uy, Uy Uy, Kup-up, 2
uy, U3, uz, Uy, kug-ug,
ug, Uy, Ugy Uy, kuy Uy,

The next step, in order to determine how the
performance of a group of works WP affects the
performance indicators of this group, the group
performs a list of actions:

1) construct data matrices (1), (2);

2) run convolution matrices;

3) calculate the formal profitability index /

rs o
which, before the start of the simulation, is established
as I =1/i, where iis the number of workgroup
projects, which corresponds to the assumption that each
group of indicators affects the factor variable
equivalently;

4) simulate the actual index I, without using the
KM system. The graph, shown in Fig. 2 shows the result
of simulation of the actual index of the KM system,
described in [7].
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= ¢
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Fig. 2. Example of simulation of the value
of the index of profitability of the KM system

Stage 4. Simulation of the main indicators and
indicators of subsystems by quantitative factor analysis.
Using factor analysis tools, modeling of subsystem
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indicators and actual system performance without the
influence of ultrasound instruments is performed.

Stage 5. Development of the model of functioning
of the KM system by the method of nonlinear dynamics
and obtaining solutions of the system of equations.

The next stage is aimed at analyzing the system
using nonlinear dynamics methods. For this purpose, the
Bulirsch-Stoer Method [8] is used to obtain data on the
stages of the project implementation, and to distribute
data by stages.

Let’s consider the approaches to implementation of
the proposed methods. Let us give a simple differential
equation that binds an independent variable x, to an

unknown function y(x) of this independent variable
and its derivatives:

V() 9" (2), e Y () 3)
F(x, p(x),5'(x)y00 " (1)) = 0, (4)

ne F(x,..., y(”)) - a function of the specified arguments.
Let’s execute the extrapolation value ;,;, where
y is the approximate value, according to the known

previous value. The procedure for finding the next
calculated point (x;,;,»;,1) consists of two steps:

1. Getting the sequence of decisions at the point
x = x;,; using the strategy of reducing the step.

2. Refine the numerical solution on the basis of
procedures of polynomial or rational extrapolation.

Stage 6. Setting up the task of decision-making
support; supporting decision-making in the hierarchies
by T. Saati [9]; modeling the matching parameters in the
KM system.

Simulation modeling of the KM system is
performed using the hierarchy analysis method, which is
to decompose the problem into more simple parts and
gradually establish the priorities of the evaluated
components using the paired comparison method. This
method is based on the evaluation of each alternative
and its importance for solving higher-level tasks. The
decision-making process includes the following steps:

1) identification of the problem;

2) the decomposition of the problem into the
hierarchy of tasks;

3) selection of criteria for evaluating problem-
solving;

4) development of matrices of pair comparisons of
module criteria;

5) calculation of priorities;

6) synthesis of priorities;

7) verification of consistency.

Stage 7. Obtaining the initial parameters of the
KM system. Decision making on the effectiveness of
the ultrasound system.

The realization of these stages in the hierarchy
analysis method allows us to obtain objective
quantitative estimates of the importance of all elements
in the structure of the hierarchy associated with the
problem stated.

After modeling and verifying the results, an
assessment of the efficiency and profitability of the
ultrasound system and the formation of a "decision
tree", which for the KM system, described in [7], has
the following conclusions:

1. The project with the cost of 420090 UAH, the
total duration of work 3864 days and human resources
38-49 developers in the application of the KM system
profitable at R =37.6%

2. Due to the application of the KM system, the
budget of the project is saved in the amount of 131851
UAH. (31.4%), reduction of the duration of the project
in the amount of 1555 days (40.2%), under the
conditions of the team of the project to 49 developers of
the given qualification.

3. The actual index of system profitability is 0.93.
In this case, the formation of a steady phase of the
project takes place for 47 days, the ongoing
development of the project takes 482 days.

4. The priorities for using the elements of the KM
system are as follows:

Economic Knowledge Management Subsystem,

Knowledge Management Infrastructure
Subsystem,

Knowledge Risk Factors Subsystem,

Knowledge Management Subsystem,

Subsystem knowledge management.

Conclusion

A large number of modern approaches on
development and implementation of organizational
knowledge management systems, methodologies and
models of knowledge management aimed at ensuring the
process of knowledge saving.

At the same time, the question of the effectiveness
of using such approaches remains unclear, which
complicates the decision-making process regarding their
use in the project environment.

The developed model for assessing the
effectiveness of knowledge management processes can
not only increase the reliability of final decisions on the
KM but also reduce the cost of the project, by
simulating the influence of the elements of the system
on its indicators. The proposed method allows to save
up to 31.4% of the project budget and 40.2% of the
duration of the project.

Further research will be aimed at the development
of automated tools for implementing the model, which
will optimize the use of the model in project-oriented
organizations.
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Kommrexcanii Meron oniHku e)eKTUBHOCTI CHCTEMH YNIPABJIiHHS 3HAHHSIMH B IPOEKTHOMY CepeI0BHIL
B. M. Bapranss, /1. O. IlIteitnOpexep

AHoTauis. BixcyrHicts MeroziB KiNbKiCHOI OLIHKHM IlepeBar, OTPMMaHUX OpraHi3alli€lo BiJl BIIPOBaDKCHHS YHPABIiHHS
3HaHHAMH (Y 3) B IPOEKTHOMY CEPEIIOBHIIIl YCKIIAHIOE IPOIIEC IPHIHSATTS PillleHb 100 00’ €MIB IHBECTYBaHHS Ta IX HOJAIBIIOrO
BHUKOPHUCTAHHS IiYac peajii3alii NpOeKTiB, TOMy aKTyaJIbHOI HAyKOBOIO 33/1a4el0 € Po3poOKa METOHNIB Ta iHIMKATOpiB, SIKi
JIO3BOJIAOTH IIBUIIUTH BHUMIpIOBaHiCTh IepeBar Y3. Mera crarri nomsrae B po3poOli KOMIUIEKCHOIO METOHY OLHKH
e(peKTHBHOCTI CHCTEMH Y3, SIKHif BpaxOBYe CIielU(iKy IPOSKTHOr0 MEHEKMEHTY 1 TO3BOJISIE pO3POOUTH CHCTEMY 1HANKATOPIB LIS
MIPUHHSTTS pillleHb Moo 1i peHtabenbHOCTI. B crarTi mpoBeieHo aHa3 Cy4acHUX MiAXOXIB IO OLHKH €(EKTHBHOCTI CHCTEMH
YIpaBIiHHS 3HAHHAMY, TAaKUX K Merox 30anaHcoBaHuX mnoka3HukiB Karutana-Hoprona, MoHiTOp HemarepialbHUX aKTUBIB
K. Cgeii6i, HaBirarop «Skandia» JI. Enpinccona Ta iH. Bu3HaueHO HemodikHM X BHUKOPHUCTAHHS Ul aHai3y CUCTeMH Y3 B
MPOEKTHOMY CEepeIOBHILI. PO3IIISIHYTO KIIFOUOBI eTany 1no0yI0BH METOY OLIHKU e()eKTUBHOCTI CHCTEMH YIIPaBJIiHHS 3HAHHAMH B
MIPOEKTHOMY CEpEOBHILI. 3alpOIIOHOBAHMI OaraToeTarHuil MpoLec T03BONSE HE TUIBKH IMiIBHUIIUTH JOCTOBIPHICTH OCTAaTOYHHX
PpillleHb LI0J0 YNPABIIIHHS 3HAHHAMH B IIPOEKTI Ta OLUHUTH PEHTa0EJIBHICTD CUCTEMH, ajle i 3HU3UTH BUTPATH MPOEKTY 32 PaXyHOK
MOJICITIOBAHHS BIUIMBY €JIEMEHTIB CHCTEMH Ha HOro IOKa3HUKU. BHKOPHCTaHHS 3aIpONOHOBAHOIO METOY JI03BOJISIE OTPUMATH
exoHoMito 110 31.4% Oromkery npoekry Ta 40.2% TpuBanocTi NPOEKTY. 3apPOIIOHOBAHUH METOJ] MOXKE BHKOPHUCTOBYBATHCH IS
I ITPUMKH NIPUIHATTS pillIeHb 11010 €()eKTUBHOCTI CUCTEMH Y3 BUCOKOTEXHOJIOTTYHUX IIPOSKTIB.

Kar4doBi ciaoBa: ynpapiiHHSA 3HAaHHSIMU; MOJIENb; €EKTUBHICTh; IHTENEKTyaJIbHUI KaIliTal.

KommrexcHplii MeTon oneHkH 3¢ eKTHBHOCTH CHCTeMbI YNIPaBJICHHS 3HAHMSIMH B IIPOEKTHOM cpee
B. M. Bapranss, /1. A. llIteitnOpexep

AHHOTanus. OTCyTCTBUE METO/IOB KOJIUYECTBEHHOH OLIEHKH NMPEUMYILECTB, TIOTYy4EHHBIX OPraHU3alel OT BHEAPEHUS
MHCTPYMEHTOB yrpasieHust 3HaHusAMH (Y 3) B IPOEKTHOI cpelie, YCIOKHAST HPOLECC MPHHATHS PEICHUI OTHOCUTEJIBHO 00bEeMOB
MHBECTUPOBAHUSA U UX JAJbHEHILIEro MCIIOIb30BAHHUS BO BPEMs PEalM3alMy MPOEKTOB, OITOMY AKTYaJIbHOM Hay4dHOW 3ajaueit
SBISIETCA pa3pabOTKa METOIOB M MHAMKATOPOB, KOTOPBIE MO3BOJLIOT MOBBICHTH M3MEPUMOCTh Npeumyiiects ¥Y3. Llens crarbu
3aKJII04aeTcsl B pa3paboTKe KOMIUIEKCHOIO METOZa OLEHKH 3((EKTUBHOCTH CHCTEMbl Y3, KOTOpBIH YYHTHIBAeT CreLU(pUKY
MPOCKTHOIO MEHEUKMEHTa M IO3BOJIAECT pa3paboraTh CUCTEMYy HHAMKATOPOB JUIS IIPUHATHS DELICHUH OTHOCHTENBHO e
peHTabesbHOCTH. B cTaThe nmpoBezieH aHaIu3 COBPEMEHHBIX MOJXO0/0B K OLCHKE 3()(EKTUBHOCTH CUCTEMBI YIIPABJICHUS 3HAHUAMH,
TaKMX KaK MeToJ cOaJlaHCMpOBaHHbIX Nokasarenei Karmana-Hoprona, MonuTop HemarepuainbHbix akruBoB K. Cseiiou, HaBurarop
«Skandia» JI. OnBuHccoHa U zp. OnpezieneHbl HEAOCTATKM UX HCIIONB30BAaHUS JUIS aHAIM3a CUCTEMbl Y3 B IPOEKTHOH cperne.
PaccMoTpeHbI KiItoueBble 3Talbl pa3paboTKi METo/a OLEHKH 3P (EKTHBHOCTH CUCTEMBI YIIPABIICHUs 3HAHUAMU B IIPOSKTHOH cpezie.
IpeoxKeHHbIT MHOrO3TAalHBI IPOLECC MO3BOJNAET HE TOIBKO IIOBBICUTH JOCTOBEPHOCT OKOHYATENBHBIX PEIICHHI 110
YIPABJICHUIO 3HAHUAMHU B IPOCKTE U OLIEHUTh PEHTA0EIBHOCTb CHCTEMBI, HO U CHU3UTH 3aTPaThl IPOEKTa 3a CUET MOJACTUPOBAHHS
BIIMSIHUSL JIEMEHTOB CHUCTE€Mbl Ha €ro IIOKa3aTesd. VICronb3oBaHME NPEIUIOKEHHOTO METOJa IO3BOJSET IMONYYHTh SKOHOMHIO
OropKera npoekta j10 31.4 u 40.2% npononKUTeNnbHOCTH poekTa. [IpeyiokeHHBIH MEeTO/] MOXKET HCITOIBb30BaThCs VIS MOICPIKKI
HPHUHATHS PELICHUH OTHOCUTENBHO 3 (EKTUBHOCTH CUCTEMBI Y3 BBICOKOTEXHOJIOTHYHBIX IPOSKTOB.

KamoueBblie cioBa: YIpaBJICHUE 3HAHUAMU; MOJICIIb; 3(1)(1)GKTI/IBHOCTB; HHTeHJ'IeKTyaJ'IBHLIﬁ Karurall.

68



