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Inna I. Chaikovska'
EVALUATION OF ENTERPRISE KNOWLEDGE
MANAGEMENT SYSTEM

This article explores the role of knowledge management in the enterprise management sys-
tem. Comparative assessment of enterprises knowledge management was done using the Saaty's
method to determine the most effective enterprise knowledge management system, taking into
account the priority value of each criterion.
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OLIHIOBAHHA CUCTEMMU YIIPABJITHHA
3HAHHAMMU ITIIITPUEMCTB
Y ecmammi odocaidnceno poav ynpaeaiHHa 3HAHHAMU 6 cucmeMi YNPAGAIHHA NIONpUEM-
cmeom. Bukonano nopisnsaavHy ouiHKY cucmemu YnpaeaiHHs 3HAHHAMU HA NIONPUEMCMEAX 3a
donomozoro memody Caami. Busnaueno nionpuemcmeo 3 Hauibiaivut eheKmugHow CuUcmemoio
YNPAGAIHHA 3HAHHAMU 3 6PAXYBAHHAM GEAUMUHU NPIOPUMEMY KOJCHO20 Kpumepiio.

Karowogi caosa: ynpasainns snannamu; memod Caami; Mampuys nONAPHUX NOPIGHSHb.
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Nuna . YaiikoBckas
OIIEHKA CUCTEMBbI YITPABJIEHMUS
SHAHUAMMU ITPEAIIPUATUN

B cmamve uccaedosana poav ynpasieHus 3HAHUAMU 6 CUCIEME YNPAGACHUS NPeonpusimu-
em. Boinoanena cpasnumeavras oueHKa cUCMeMbl YNPAGACHUS SHAHUAMU HA NPEONPUAMUSX C
nomoupro memoda Caamu. Onpedeaeno npednpusmue ¢ Hauboaee 3¢QphexmusHoli cucrmemoi
YNPABACHUS 3HAHUAMU C YHEMOM 6CAUMUHbL RPUOPUMENA KaWc0020 Kpumepusi.
Karouesvie caosa: ynpasnenue snanusmu; memod Caamu; Mampuya NORAPHbIX CPAGHEHUL.

Introduction. Development of innovative systems and the ability to create know-
ledge and put them into practice in today’s world have become important basic pre-
conditions of all countries, regions and enterprises. Corporate knowledge have now
become an important resource that actively influences the growth of enterprises’
competitiveness, the level of investment attractiveness, development and use of inno-
vative potential. Therefore, the issue of comparative assessment of the existing know-
ledge management systems in enterprises is quite relevant.

Latest research and publications analysis. Mathematical methods have been
actively and successfully used to solve economic issues by such scholars as O. Alekhin
(2012), I. Blahun (2000), P. Grygoruk (2012), P. Grygoruk and I. Tkachenko (2012),
T. Klebanova et al. (2008), V. Vitlinskyy (2003). One of the methods that allows
applying objective mathematical methods for the treatment of subjective preferences
of individuals or groups in decision-making is the method of analytic hierarchy by
T. Saaty (1991; 1993; 2008). He successfully used it to solve various practical prob-
lems, including multi-objective optimization problems. It is advisable to use this
method for comparative evaluation of knowledge management at enterprises.

The object of the research is the enterprise knowledge management system.
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The goal of the article is the comparative evaluation of enterprise knowledge
management system using the Analytic Hierarchy Process (AHP).

The method for the research is the Analytic Hierarchy Process (or Saaty's method).

Key research findings. To achieve the stated goal, solving of the problem will be
conducted on the basis of data on the knowledge management systems at 3 engineer-
ing enterprises of Khmelnitsky region with the following characteristics:

- Enterprise 1 (E1): indicator "Staff' — high level, indicator "Technology" —
average level, indicator "Processes" — average level, indicator "Innovation" — low
level, indicator "Finances" — average level.

- Enterprise 2 (E2): indicator "Staff" — low level, indicator "Technology" — high
level, indicator "Processes” — high level, indicator "Innovation" — average level, indi-
cator "Finances" — low level.

- Enterprise 3 (E3): indicator "Staff" — average level, indicator "Technology" —
low level, indicator "Processes” — low level, indicator "Innovation" — high level, indi-
cator "Finances" — average level.

AHP is the theory of measurement through pairwise comparisons relying on the
judgements of experts to derive priority scales. It is these scales that measure intangi-
bles in relative terms. The comparisons are made using the scale of absolute judge-
ments that represents, how much more, one element dominates over another with
respect to a given attribute (Saaty, 2008: 83).

Ist step. Presentation of the problem as a hierarchy. To determine the knowledge
management system criteria: staff, technology, processes, innovation, finances. For
each criterion we distinguish subcriteria (Figure 1):

- Subcriteria of the indicator "Staff": employee training (ET), communication
links (CL), motivation system (MS), teamwork (TW).

- Subcriteria of the indicator "Technology": database (DB), Web Portal (WP),
system for collecting information on the Internet (CI), creation of information flows
(IF).

- Subcriteria of the indicator "Processes": corporate culture (CC), identifica-
tion of knowledge (IK), identifying the existing knowledge (EK), change manage-
ment (CM).

- Subcriteria of the indicator "Innovation": implementation of new advanced
technological processes (TP), implementation of marketing innovations (MI),
implementation of organizational innovation (OI), implementation of innovative
products (IP).

- Subcriteria of the indicator "Finances": investment in employees training
(IE), investments in information technology (IT), investment advisory and consult-
ing services in knowledge management (IC), investment in innovation (II).

2nd step. Set priorities and criteria using the knowledge of experts for evaluating
each alternative on criteria identifying the most important of them (Table 1).

Building a matrix of pairwise comparisons on specific criteria (level 2 in
Figure 1) (Table 2).

Components of the vector of local priorities are calculated using the formula:

u;=¢l[Ta; i=1n, (1
Jj=1
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where a;; — i-th element of the j-th column of the matrix of pairwise comparisons cri-
teria; n — the number of criteria;

u, —

u,=—"—; i=1n.
i n__1 )
$u )
i=1
| Evauation of knowledge management system |
[ I ! I 1
| Staff | | Technology | | Processes | | Innovation | | Finances |
I I 1 1 1 1 I 1
|eT|cL|ms[rw| [plwr{ci | iF| | cc|ik|ex|em| [tp[mijor|ip| [iE]iT]ic| i |
I | - I | - 1 | - 1 | - 1 | -
I I I ]
I I 1
| Enterprise 1 (E1) | | Enterprise 2 (E2) | | Enterprise 3 (E3) |
Figure 1. Hierarchical evaluation model of enterprise knowledge
management system, author’s development
Table 1. The Saaty Rating Scale (Saaty, 2008: 86)
Intensity of importance Definition Explanation
1 Equal importance | Two factors contribute equally to the objective
3 Somewhat more Experience and judgement dlightly
important favour one over the other
5 Much more Experience and judgement strongly
important favour one over the other
7 Very much more Experience and judgement very strongly
important favour one over the other. Itsimportance
is demonstrated on practice
9 Absolutely more The evidence favouring one over the other
important is of the highest possible validity
2,4,6,8 Intermediate values When compromise is needed
Table 2. The matrix of pairwise comparisons (level 2),
author’s development
Name elements Name elements compared Local
compared to the to the second level hierarchical model I
Ne priorities,
second level Staff | Technology | Processes | Innovation | Finances u;
hierarchical model '
1 | Staff 1 5 6 7 4 0,535
2 | Technology 1/5 1 1/4 1 1/4 0,058
3 | Processes 16 4 1 1/2 1/3 0,090
4 |Innovation 7 1 2 1 1/5 0,078
5 | Finances 14 4 3 5 1 0,239
Amax = 5,427; 1U = 0,107; VU = 0,096.
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Corresponding calculation for our example:

n=>5; U1—-\1'1><5><6><7>< =3,845; U2—51‘lx1xlx1x =0,416;
u3—51,—x4x1x%x%—0644 u4—51’—x1x2x1x——0564
u5:51’1x4x3x5x1 1,719,

5
>(3,845+0,416 +0,644 + 0,564 +1,719) = 7,188,
i=1
3845 0416 0,644

uy=———-=0535 u,=—"—-=0058; u; =—"——=0,090;
7,188 7188 7,188
0,564 1719
-9 4078 u 02
Ue=71gg 0078 Us=7 1550239

Value of the vector of local priorities are listed in the last column (Table 2).
The maximum eigenvalue inversely symmetrical matrix of pairwise comparisons
is defined as follows:

Arax “Z‘Ui[za#)' (3)
i= i=
Corresponding calculation for our example:

5 5
Zaﬁ =1+l+l+l+l=1,759; Za.—z =5+1+4+1+4=15,000;
e 5 6 7 4 par,

5 5
> ag, =6+%+1+2+3=12,250; > a, =7+1+%+1+5=14,500;
i=1 i=1

5 1 1 1
Zaiﬁ =4+ —+—+—+1=5783;
= 4 3 5

Amax =0,535x1,759+0,058x15,000 +0,090x 12,250 +
+0,078x14,500+0,239x5,783=5427.

Estimates of the relative importance of the elements to be compared must be
agreed, so we define the index (/U) and the ratio consistency (VU):

Anex —1 5427-5

=" == =0,107; 4)
n-1 5-1
_IU_0107 _ 006, )
v 112

where VI — the random index (whenn=5— VI= 1,12, when n =4— VI=0,9, when
n=3—VI=0,58)

If VU < 0,1, then the matrix of priorities is considered to be satisfactory, and
when this condition is not met, the experts are recommended to reconsider judgment
and edit the matrix of pairwise comparisons.

The values A,y IU, VU are recorded in the last row of the table.
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Jrd step. Conducting analysis of all subcriteria of level 3 in respect of each crite-
rion of level 2 (Table 3—7).

Table 3. Matrix of pairwise comparisons for the third level elements
(the criterion "Staff"), author’s development

Name elements compared | Name elements compared to the third level Local
Ne to the third level hierarchical model Lo
hierarchical model ET cL MS Tw | Priorities Vi
1 |ET 1 3 2 3 0,443
2 |CL 1/3 1 14 1 0,116
3 |MS 12 4 1 2 0,304
4 |TW 13 1 1/2 1 0,137
Amax = 4,102; 1U = 0,034; VU = 0,038.
Table 4. Matrix of pairwise comparisons for the third level elements
(the criterion "Technology™), author’s development
Name elements compared | Name elements compared to the third level Local
Ne to thethird level hierarchical model Lo
hierarchical model DB WP Cl iF | Prionties Vi
1 |DB 1 2 5 2 0,449
2 |WP 1/2 1 3 1 0,235
3 |C 1/5 13 1 13 0,082
4 |IF 1/2 1 3 1 0,235
Amax = 4,004; 1U = 0,001; VU = 0,002.
Table 5. Matrix of pairwise comparisons for the third level elements
(the criterion "Processes™), author’s development
Name elements compared | Name elements compared to the third level Local
Ne to the third level hierarchical model i
hierarchical model cc K EK cm | Prionties Vig
1 |CC 1 3 3 1 0,375
2 |IK 1/3 1 1 13 0,125
3 |EK 1/3 1 1 1/3 0,125
4 |CM 1 3 3 1 0,375
Amax = 4,000; 1U = 0,000; VU = 0,000.
Table 6. Matrix of pairwise comparisons for the third level elements
(the criterion "Innovation™), author’s development
Name elements Name elements compared to the third level Local
No compared to the third hierarchical model L
level hierarchical model | TP Ml ol jp__| Prionties Vi
1 |TP 1 3 4 2 0,477
2 Ml 1/3 1 1 12 0,138
3 |0l 1/4 1 1 12 0,128
4 |IP 1/2 2 2 1 0,257

Amex = 4,011; 1U = 0,004; VU = 0,004.
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Table 7. Matrix of pairwise comparisons for the third level elements
(the criterion "Finances™), author’s development

Name elements Name elements compared to the third level Local

Ne compared to the third hierarchical model L
level hierarchical model | IE T IC | Prionties Vis
1 |IE 1 2 5 2 0,449
2 |IT 1/2 1 3 1 0,235
3 |IC 15 13 1 13 0,082
4 11 1/2 1 3 1 0,235
Amex = 4,004; U = 0,001; VU = 0,002.

4th step. With the application of the principle of synthesis we can define the glo-
bal priorities elements of the 3rd level:

Z,=Vu, (6)
where Vj; — local priority (weight) i-th element of level 3 with respect to the j-th ele-

ment-criterion of level 2.
Corresponding calculations for our example:

7,-0,443x0535=0237; Z,=0,116x0535 = 0,062
Z,=0,304x0,535=0,163; Z, =0,137x0535=0073;
Z, =0,449x0,058 =0,026; Z, =0,235x0,058 =0,014;
Z, =0082x0,058 = 0,005; Z, =0,235x0058 =0,014;
Z,=0,375x0090 =0,034; Z,, =0,125x0,090 = 0011,
Z,,=0,125x0,090=0,01% Z,, =0,375x0,090 = 0,034;
2,5 =0477x0078=0037; Z,, =0,138x0,078 =001t
Z,,=0,128x0078=0010; Z,; =0257x0078=0,020;
Z,, =0,449x 0,239 =0,107; Z,, =0,235x0,239 = 0,056;
Z,, =0,082x0,239 = 0,020; Z,, = 0,235x0,239 = 0,056.

Sth step. Determine local priorities for level 4 with respect to any criterion
of 3 level (Table 8—12).

Table 8. Local priorities for the fourth level elements (relatively
to the third level criterion "Staff"), author’s development

Locd Local
ET El E2 E3 priorities, Wiy CL El E2 E3 priorities, Wi,
E1l 1 7 4 0,705 E1l 1 6 3 0,635
E2 17 1 13 0,084 E2 16 1 15 0,078
E3 14 3 1 0,211 E3 13 5 1 0,287
Amex = 3,032; 1U = 0,016; VU =0,028. Amex = 3,094; 1U = 0,047; VU = 0,081
Ms | EL | E2 | E3 |  ‘tocd Tw | E1 | E2 | E3 | Lo
priorities, Wiz priorities, Wiy
E1l 1 8 5 0,733 E1l 1 5 4 0,674
E2 1/8 1 14 0,068 E2 15 1 13 0,101
E3 1/5 4 1 0,199 E3 14 3 1 0,226
Amax = 3,094; 1U = 0,047; VU = 0,081 Amex = 3,086; 1U = 0,043; VU =0,074.
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Table 9. Local priorities for the fourth level elements (relatively
to the third level criterion "Technology™), author’s development

Local Local

DB El E2 E3 priorities, Wis WP El E2 E3 priorities, Wig
El 1 1/5 3 0,195 El 1 1/6 2 0,163
E2 5 1 6 0,717 E2 6 1 5 0,729
E3 1/3 1/6 1 0,088 E3 1/2 1/5 1 0,109
Amax = 3,094; 1U = 0,047; VU = 0,081. Amax = 3,086; 1U = 0,043; VU = 0,074.
Local Local

c El E2 E3 priorities, Wiz IF El E2 E3 priorities, Wig
E1l 1 1/7 4 0,186 E1l 1 17 2 0,144
E2 7 1 5 0,732 E2 7 1 6 0,760
E3 1/4 1/5 1 0,082 E3 1/2 1/6 1 0,096
Amax = 3,339; 1U = 0,169; VU = 0,292, Amax = 3,080; 1U = 0,040; VU = 0,069.

Table 10. Local priorities for the fourth level elements (relatively
to the third level criterion "Processes™), author’s development

Local Local
cC El E2 E3 priorities, Wig IK El E2 E3 priorities, Wig
E1l 1 1/3 2 0,216 El 1 14 4 0,236
E2 3 1 7 0,682 E2 4 1 6 0,682
E3 1/2 17 1 0,103 E3 1/4 1/6 1 0,082
Amax = 3,003; 1U = 0,001; VU = 0,002. Amax = 3,108; 1U = 0,054; VU = 0,093.
EK | E1 | E2 | B3 | Locd c™m | E1 | B2 | B3 | Locd
priorities, Wiy, priorities, Wiy,
E1l 1 1/5 2 0,179 E1l 1 1/3 5 0,287
E2 5 1 5 0,709 E2 3 1 6 0,635
E3 1/2 1/5 1 0,113 E3 1/5 1/6 1 0,078
Amax = 3,054; 1U = 0,027; VU = 0,046. Amax = 3,094; 1U = 0,047; VU = 0,081.

Table 11. Local priorities for the fourth level elements (relatively
to the third level criterion "Innovation™), author’s development

Local Local

P El E2 E3 priorities, Wiz M El E2 E3 priorities, W4
El 1 1/4 1/8 0,073 E1l 1 1/5 1/6 0,081
E2 4 1 1/3 0,256 E2 5 1 1/2 0,342
E3 8 3 1 0,671 E3 6 2 1 0,577
Amax = 3,018; 1U = 0,009; VU = 0,016. Amax = 3,029; 1U = 0,015; VU = 0,025.
Local Local

Ol El E2 E3 priorities, Wiis P El E2 E3 priorities, Wizg
E1l 1 1/3 17 0,088 El 1 1/5 1/8 0,064
E2 3 1 1/3 0,243 E2 5 1 1/4 0,237
E3 7 3 1 0,669 E3 8 4 1 0,699
Amax = 3,007; 1U = 0,004; VU = 0,006. Amax = 3,094; 1U = 0,047; VU = 0,081.

6th step. Apply the principle of synthesis to identify the global priorities elements
of the 4th level. Global priorities elements of level 4 are defined as the sum of local
priorities applications for every element of level 4 on global priorities elements
of level 3.
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Table 12. Local priorities for the fourth level elements (relatively
to the third level criterion "Finances™), author’s development

Local Local

IE El E2 E3 priorities, Wiz T El E2 E3 priorities, W37
El 1 3 1 0,443 E1l 1 4 2 0,558
E2 1/3 1 1/2 0,169 E2 1/4 1 1/3 0,122
E3 1 2 1 0,387 E3 1/2 3 1 0,320
Amax = 3,018; 1U = 0,009; VU = 0,016. Amax = 3,018; 1U = 0,009; VU = 0,016.
Local Local

IC El E2 E3 priorities, Wig I El E2 E3 priorities, Wig
E1l 1 6 3 0,644 E1l 1 5 1 0,481
E2 1/6 1 1/4 0,085 E2 1/5 1 1/3 0,114
E3 1/3 4 1 0,271 E3 1 3 1 0,405
Amax = 3,054; 1U = 0,027; VU = 0,046. Amax = 3,029; U = 0,015; VU = 0,025.

For Enterprises 1, 2, 3 define:
WE1=W11Z1+W12Z2+...+ W120220=0,531;
WE2=W21Z1+W22Z2+...+ W220Z220=0,199;
WE3=W31Z1+W32Z2+...+ W320Z220=0,270.

7th step. Analysis of the results. In light of the priority assessment criteria we
assess the knowledge management systems at enterprises. The research results indi-
cate that the most efficient system of knowledge management is at Enterprise 1
(0,531), followed by Enterprise 3 (0,270), and the third goes Enterprise 2 (0,199).

Conclusions. Here we have carried out the comparative assessment of 3 engi-
neering enterprises’ knowledge management system of Khmelnitsky region using the
analytic hierarchy process. We defined that the most important in knowledge mana-
gement is the indicator "Staff" (weight — 0,535), then goes the indicator "Finances"
(0,239), then the indicator "Processes” (0,090), then "Innovation" (0,078), then
"Technology" (0,058).

The research demonstrated that the most efficient system of knowledge man-
agement is at Enterprise 1, followed by Enterprise 3, and then by Enterprise 2. The
most problematic place for Enterprise 1 is innovation, especially the implementation
of new advanced technological processes. The most problematic place for
Enterprise 2 are staff, especially employee training and finances, investment in
employee training. The most problematic place for Enterprise 3 are technology, espe-
cially database and processes (corporate culture). To improve the efficiency of knowl-
edge management these companies should make effective management decisions
according to these parameters results.
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