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Abstract

As the knowledge-based economy time comes, the
core of business process is transforming financia
intensive into technology intensive and knowledge
intensive gradually. However, the value of knowledge
itself can't be measured easily. We must evaluate and
investigate the performance of knowledge management
through activities of knowledge management process.
During the performance evaluation process, many
uncertain factors must be considered. It is aso involved
ambiguity occurred by human subjective judgment.
Therefore, a performance evaluation model of knowledge
management is proposed in this paper by combining
Fuzzy Delphi with Fuzzy AHP. Finaly, a numerical
example is given to demonstrate the procedure for the
proposed method at the end of this paper.

Keyword:  Knowledge  Management,
Performance, Fuzzy Delphi, Fuzzy AHP

Measuring

1. Introduction

When the knowledge becomes the key resource of
the enterprise, how to apply knowledge appropriately to
produce new knowledge and value is an important issue
for business management.

Drucker[8] indicated that knowledge will become
the most important sources for promoting business
advantage. However, lacks of the effective measurement
tool, knowledge cannot be exploited sufficiently. In recent
years, many businesses have realized that knowledge
management is the most important issue to increase their
competitiveness. Therefore, the performance evaluation
and measurement become a key point of promoting
knowledge management plan successfully. However, the
evauation process of knowledge management must
consider many uncertain factors such as attitude of
employee, professiona ability, and the subjective
judgment of managers. Thus, it is difficult to evaluate the
performance of knowledge management easily.
Therefore, an evaluation model of knowledge
management is proposed in this paper by combining
fuzzy set theory with analytic hierarchy process (AHP).

shhuang@mail.dyu.edu.tw

2. Literaturereview

2.1 Knowledge M anagement

Liebowitz and Beckman[15] identified that
knowledge management contains the following
definitions.

(1) The knowledge management is a systematic process
that creates knowledge clearly. Raise the relevant
knowledge in business with applying avail knowledge.

(2) The knowledge management uses the experience,
knowledge and expert knowledge to create new ability. It
makes the business possesses the excellent performance,
encourages innovation and increases the vaue of
customers.

Papowg[17]  proposed  seven
implementing the knowledge management.
(1) Globalization. If Organizations all around world own
an important competitive advantage, namely it can share
experiences and resources effectively.

(2) Speed. As of the business shortens the lead time and
obtain the valid business operations, we must get the
information and the knowledge valuable quickly.

(3) Service orientation. If attaining quick response, all
essential information and related operations must make
the employee work on-line in any time and change the
action procedure.

(4) Saturation of workers. Employees have higher
turnover at knowledge age. We usualy need a set of
system to keep the knowledge of the worker and reuse
them.

(5) More close relation of business. The WWW is dso a
resource that learns the new information. Each
organization must integrate it in usual learning processes.
(6) Technique. Advanced information system, group
software and WWW assembly together provide technique
foundation of knowledge management for the company.
(7) Competition. The organization regards its intelligent
capital as the force and promotes the competitive
advantage of the organization systematically.

Sarvary[18] identified the knowledge management is
the integration of the business flow via creation of
business and using a process of collective knowledge.
This process includes three flows as follows.

(1) Organization learning. The company acquires the
process of the information or knowledge.
(2) Generalize knowledge. It is a process that information
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is converted and integrated knowledge. The knowledge
can resolve the problem of the commerce.

(3) Propagation knowledge. Making organization
members can acquire and use the process of company
community knowledge.

Synthesize above the viewpoints of the knowledge
management, knowledge management is a process for
business to increase the competitiveness by creation,
transformation, diffusion and deposition of knowledge.

2.2K nowledge management activities

The knowledge management flow indicates the
different attitudes of knowledge management in business
management process. The definition of knowledge
management  flows includes knowledge creation,
knowledge transformation, knowledge diffusion and
knowledge storage. Some illustrations of knowledge
management activities are shown in Table 1.

2.3Perfor mance evaluation

The performance evaluation in nature is the control
function in the business management activities. Being
able to generate influences or take action in before the
event or activities steering by the establishment of the
performance evaluation system. The appraisal must
depend on the reasonable and valid performance
indicators and reach to the object of performance
evaluation. Concretely, the performance evaluation has
four objectg19]

(1) The object of the fulfillment to weigh the extent of
success.

(2) Providing the suggestion or correct amendments to
the organization redevel opment.

(3) Providing the feedback mechanism to manager.

(4) Evaluating the internal input and output.

Because knowledge management flow of business
and its performance evaluation have the subjective
recognition, and is seen as problems of multi criteria, we
can use many appraisable theories of multi criteria to
reach reasonable performance evauation. Therefore, this
paper uses the linguistic variables to represent the
subjective judgment of decision makers, and combine
Fuzzy Delphi method with Fuzzy Analytic Hierarchy
Process method (Fuzzy AHP) to propose a performance
evaluation model of knowledge management.

3. Fuzzy Theory

3.1 Triangular
variable

fuzzy number and linguistic

The original concept of fuzzy sets in the pioneering

paper of Zadeh was introduced as an extension of usual
sets, by enlarging the truth value set of grade of
membership from the two value set {0, 1} to the unit
interval [0, 1] of real numberg[20].

3.1.1Triangular fuzzy number

Triangular fuzzy number can be defined by a triplet
T=(,mu) and a<b<c (shown asFig 1). The fuzzy
number is the so-called triangular fuzzy number with its
characteristic member function written as[1, 12]

iig,aSXSb
b-a

e (X)= g Jb<x<c (1)
0 ,otherwise

3.1.2 Linguistic variable

A linguigtic variable is a variable whose values are
linguistic terms [21]. The concept of linguistic variable is
very useful in dealing with the situations are too complex
to be reasonably described in quantitative expressions
[21]. For example, the membership functions of the term
set {Very Unimportant (VU), Unimportant (U), Medium
(M), Important (1), Very Important (V1)} for representing
weights of the importance of knowledge management.
The linguistic values can aso be represented via
triangular fuzzy numbers.

3.1.3Distance measur ement

two triangular fuzzy numbers, then the vertex method is
defined to calculate the distance between them ag[5]:

d(My, M) :\/;[(ai—az)%(la—bz)%(cl—cq)zl 2

3.2Fuzzy Delphi Method

This paper adopts Fuzzy Delphi Method to select the
evauation indicators. The Fuzzy Delphi Method is one of
the specialist forecasts, its main object lies in obtaining
the consensus of specialists, looking for to the opinion of
the uniformity of the particular object [7].



The traditional Delphi method is one effective
method, which enables forecasting by converge a
possibility value through the feedback mechanism of the
result of questionnaires, based on experts judgments.
However, the weakness of the traditional Delphi is that it
requires repetitive surveys of the experts to allow the
forecast values to converge. Therefore, Fuzzy Delphi
Method uses Linguistic variable to express opinions of
each expert, acquiring better integrative results[11, 13].

The Fuzzy Delphi Method is applied in this paper to
find out the evaluation indicators. The steps are described
asfollows
Stepl. The expression of the specialist opinion

Each expert makes use of the Linguistic variable
representing the importance weights of the decision
criteria (shown as the Table 2).

Step2. Integrate fuzzy evaluative values of experts

Using Fuzzy Delphi Method to integrate fuzzy
evauative values of al experts in this step. If the Ith
expert judges the importance of the kth indicator is shown
denoted by W, = (ay, by, ¢y ) , the fuzzy weight W, of
the kth indicator, then W, can be calculated as:

W, =(a,b.c) k=12..n ©)

: 1
a = mlm{alk}'bk :EZbIk 1C = mlax{qk}
-1

Step3. Selecting evaluative indicators

Using Centroid Method to transform fuzzy weight of
each indicator W into single value. S, [14]. It can be
calculated as:

g -2rhrs @

Set a threshold value as t and select a suitable
evaluative indicator. The rule of selection is described as
follows:

(@If s, t then accept the kth initial indicator as
evaluative indicator.
(b)If S, <t thendeletekthinitial indicator.

3.3 Fuzzy Analytic Hierarchy Process M ethod
(Fuzzy AHP)

Buckley[2, 3] proposed that AHP method on the
criterias appraisal can't present appraisal subjective
judgment and criterions in real situations. Therefore,
Fuzzy AHPis proposed by combing fuzzy set theory with
AHP to reflect true environment decision analysis suffers
of subject. Making use of the Fuzzy AHP undertaking
appraisal step justification as follows:

Stepl. Based on features decomposed by each attribute to

create the hierarchy levels.

Step2. Calculate fuzzy positive reciprocal matrix.
Converting the linguistic evaluation into triangular fuzzy
numbers to construct the fuzzy decision matrix and
determine the fuzzy weight of each criterion.

Step3.  Calculate fuzzy weight. According to
Lambda-Max method, we can calculate the fuzzy weight
value[6].

4. Perfor mance Evaluation M odél

The knowledge management activities are divided
into knowledge creation, knowledge diffusion, knowledge
transformation, and knowledge storage in this paper. The

performance evauation framework of knowledge
management is shown as Fig. 2.
The processes of knowledge management

performance evaluation model is described as follows:

Stepl. Calculate the fuzzy weight value of the evaluative

dimension.

(1) Each expert use linguistic variable of the Table 3 to
calculate the KM performance of each dimension.
And give alinguistic variable to represent the relative
importance in two dimensions [2]. Giving
comparative and important evaluation of extent in
pair-wise comparisons.

(2) Using Fuzzy AHPto calculate the fuzzy weight as
W, P of each expert.

(3) Using Average Method to integrate fuzzy weight value
of each expert with regard to each dimension into

W,

W= MW ew e ow?) ®

Step2. Calculating evaluative value of each dimension

(1) Each expert use linguistic variable of the Table 3 to
caculate evaluative values and weight values of
evaluative indicators within each evauative
dimension.

(2) Using Weighted Average Method to integrate all of
fuzzy evaluative value of dl experts within each
evaluative dimension. It can be computed as:

X ::{(X‘jl Ml)@(sz ®WJZ)@' : @(Xm@K/jp)} (6)

Where Xj; is the jth indicator’s fuzzy evaluative value
within ith dimension after the integration of all experts.
Xijp is the jth evaluative indicator’s fuzzy evaluative
value of the pth decision-maker within the ith dimension.
Wi, is the jth indicator’s fuzzy weight value of the pth
expert within the ith dimension.

(3)Calculating fuzzy evaluative value in each dimension



1 = -
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where X, is the fuzzy evaluative value of the ith
dimension. n; is the evaluative indicator's numbers of
theith dimension.

(4According to the fuzzy weight value and fuzzy

evaluative value of each dimension, calculating
comprehensive fuzzy evaluative value as.

~ 14

P:EZ(X W, )= (P, P, Py) ©)

i=1

where P is the comprehensive fuzzy evaluative value,
and m isthe numbers of dimensions.
(5)Calculating the distance value of comprehensive fuzzy

evaluative value P and the linguistic variable L; of

each evaluative value (shown in Table 4). Distance
measurement is computed as:

~ 1
d(P,h)=J3[(P1—Iu)2+(P2—Ii2)2+(P3—Ii3)2] ©)

where 5:(p1, P, P3) is the comprehensive fuzzy

evauative value. L; =(lj1,li5,1i3),i =12345 is the

linguistic variable of evaluative value.

(6)If the distance between comprehensive fuzzy
evaluative value P and the linguistic variable L, is
the minimum value, it represents that L; is the
integral evaluative value of KM activities.

5. Example Description

According to the business knowledge management
performance evaluation framework (shown as Fig. 2) in
this paper. Suppose there are three experts to evauate the
performance of KM. The step is described as follows:

Stepl. The hypothesis makes the pair-wise comparison
matrix by the three expert's important extent to each
evaluative dimension as follows:

@y (789 @23 (799
7 (011,012,014 (111  (0.14,020.33) (135
17| (0.3305)) 35,7) 1) (5,79
1(0.1,012,014) (020331 (0.110.140.2) (111
((EEN (1:35) @45 (799
T (0.20.331) 1) (1.35) (7,99)
271(02025033  (0.20.33)) (112 (57.9)
1(011,0110.14) (0.11,0.110.14) (0.11,0.140.2) (111
[ @ (357) @45 (579
7 (0.14,0.2,0.33) 11 (0.20331) (56,7)
271(0.20.25,0.33) (135 (11D (34,5
1(0.11,0.1402) (0.140.1602) (0.20.250.33) (111

Step2. Caculating fuzzy weight value of each
decision-maker within dimension via Fuzzy AHP as :

W = (0.45,0.06,0.25,0.04)
W2 = (0.3,0.16,0.11,0.03)
W3 = (0.48,0.14,0.16,0.05)
WJ = (0.55,0.09,0.32,0.04)
W = (0.54,0.28,0.15,0.03)
W3 = (0.58,0.14,0.23,0.05)
W4 = (0.55,0.22,0.39,0.06)
W = (0.54,0.33,0.16,0.13)
W5 = (0.58,0.15,0.25,0.05)

Therefore, integrates the fuzzy weight value of each
decision-maker within evaluative dimension as:

W, = (1.23,0.36,0.52,0.12)
W, = (1.67,0.51,0.7,0.12)

W; = (1.67,0.7,0.8,0.24)

=052, W, =018, =022, W,=008
2 4

Step3. Decision-makers use linguistic variable (shown as
Table 5 and 6) to give their assessment value. According
to data of Table 4. The first dimension value can be
computed as.

=()1[(05,0.6,0.7)®(0.3050.7)|®
[(05,0.6,0.7)®(0.7,0.80.9)]
=(0.28,0.42,058)

{[(0.5,0.6,0.7)®(0.7,0.8,0.9)]@}
%=70 )

Stepd. Calculating evaluative value of each dimension as:

Z =(0.16,0.25,0.35)
X, =(0.07,0.14,0.25)
X, =(0.18,0.28,0.36)

Steps.  Cdculating fuzzy evaluative value of
comprehensive effects according to the weight value of

each dimensionis P = (0.28,0.46,0.63)

Step6. Calculating the distance value of comprehensive
fuzzy evaluative value and the linguistic variable of each
evaluative value via distance measurement as.



d(ﬁ,ﬁ):‘/—;[ (028-07)?+(046-09°+(063-09? =038(V G)

dP.R)=035(G)
dP.Ry)=025(MG)
d(P.R)=015(F)
d(P.R)=001(MP)
d(P,Ry)=008(P)
dP.P)=016(VP)
d(P.R)=026(CP)
d(P.R)=095(CG)

Step7. If the distance vaue is the minimal, it's
represented the whole performance evaluative value as
namely the corresponding linguistic variables is [Medium
poor].

According to the foregoing results, the knowledge
management performance of this business belongs to
“Medium Poor”.

6. Conclusion

From the viewpoint of the business, knowledge
management is based on the knowledge embedded in the
process and allowed that business to operate profitably in
providing attractive products and services to customers.
The knowledge has become the most important practical
factor. To demonstrate a business benefit, knowledge
must be measured.

In general, business must reach a balance between
intangible and tangible assets. The proposed model
provides business systematic processes to measure the
business performances evaluation in knowledge
management. Using the linguistic variable and fuzzy
Delphi method, managers can evaluate and understand
the overall performance in knowledge management easily
and effectively.
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Table 1 Activities and contents of knowledge management

Knowledge management activities

Contents

Knowledge creation [16]

Organizational knowledge creation involves five main steps (1) Sharing tacit
knowledge (2) Creating concepts (3) Justifying concepts (4) Building a
prototype (5) Cross-leveling knowledge.

Knowledge transformation [ 16]

Knowledge Spiral brings up knowledge creation having four paths included
from tacit to tacit(Originating-sharing tacit knowledge between individuals)
from tacit to explicit(Conversing-having group conversations to form
concepts) from explicit to explicit(Documenting-converting knowledge into
explicit forms) from explicit to tacit(Internalizing-making explicit knowledge
tacit once more). It is mainly aimed at the interaction of tacit and explicit
knowledge to show the path of the knowledge management removal at the same
time, by the criterion knowledge oneself whether be easy to be explicit, and then
aimed at the knowledge to be easy to be explicit or not, depend on the different
path to design the more likely knowledge removal mechanism.

Knowledge diffusion suffers the impact of common knowledge in employee

Knowledge diffusion [9] easily, containing common language, common symbol, collective expertise,
consciousness that share, know the individual knowledge realm.
K nowledge storagel4] The business is considering how to store knowledge resource. It can adopt the

knowledge to extract, the knowledge diffusion, structured etc.

Table 2 Linguistic variablesfor the importance weight

Linguistic variables  Triangular fuzzy number

Very Important (0.7,0.9,0.9
I mportant (0.5,0.7,0.9
Medium (0.3,0.5,0.7)
Unimportant (0.1,0.3,0.5)
Very Unimportant (0.1,0.1,0.3

Table 3 Linguistic variablesfor theratings

Linguistic variables

Triangular fuzzy number

Equal importance (1,11
Equal importance (1,1,3)
Both of them 1,2,3)
Rather importance (1,35
Both of them (34,5
Very importance (357
Both of them (5,6,7)
Extreme importance (5,7,9
Both of them (7,8,9)

Absolute importance

(7,9,9)




Table 4 Fuzzy evaluative value of Decision-maker

Dimension Knowledge Knowledge Knowledge Knowledge
Creation Transformation  Diffusion Storage 3
(0]
A = > =
> 3 =) m >
2 s § 2 3 % 5 ¢
2 a 2 =S 3 2585 &
w2 8 @ g2 & gaglsg <
=. = =
Evaluative indicator = 5 g o = _gh s =2 =< %% s 3
=35 % 89 g §F3S&EZE o
S 2 3 =l =% g~ £ =
g8 g 5 2. o 2 £ g Z
= 8 ® Q < Q = ®
o o = [0) QD
S 2§
Expert 1 Eva.\luatlvevalue C MG C MP MG MP MG F MP
Weight value | I I Ml VI VI VI VI
Evaluative value C MG MP P MG C MG MP
Expert 2 . F
Weight value Ml I Ml Ml I I I I
E [ M MP MP M MP
Expert 3 vgl uative value C G G C G MP
Weight value I VI Ml Ml I \ I I

Table 5 Linguistic vari

ables of weight value

Linguistic variables

Triangular fuzzy number

Considerably unimportant

(cul) (0.1,0.2,0.3)
Very unimportant (VUI) (0.1,0.3,0.5
Unimportant (Ul) (0.3,04,0.5
Medium unimportant (MUI) (0.3,0.5,0.7)
Common(C) (0.5,0.6,0.7)
Medium important (MI) (0.5,0.7,0.9
Important (1) (0.7,0.8,0.9
Very important (V1) (0.7,0.9,0.9
Considerably important (Cl) (1,1, 1)

Table 6 Linguistic variab

les of evaluative value

Linguigtic variables

Triangular fuzzy number

Considerably poor (CP) (0.1,0.2,0.3)
Very poor (VP) (0.1,0.3,0.5)
Poor (P) (0.3,0.4,0.5)
Medium poor (MP) (0.3,0.5,0.7)
Fair (F) (0.5,0.6,0.7)
Medium good (MG) (0.5,0.7,0.9)
Good (G) (0.7,0.8,0.9)
Very good (VG) (0.7,0.9,0.9)
Considerably good (CG) (1,1,1)




Fig. 1 Triangle fuzzy number 1 (X).

Knowledge Storage

Performance of Knowledge Management

— Information resource management
—— Emphasis on intellectual property rights

—— Creation Culture of company

L Professional turnover
__ Authorization of employees

Professional knowledge techniques

Knowledge Diffusion

Knowledge Transformation

Knowledge Creation

—— Encouragement of employees
— Establishing project teams/ working groups

— Marking time of new products/ services
—— Working attitudes of employees
—— Education standard of employees

— Investment of internal business
—— Investing new products/ Developing services
—— Employee Satisfaction

— Investment of R&D employee
—— Investment of professional employee
| Customer Satisfaction

I Professional Ability
—— Members of bringing profits

—— Worker's experience
L— Ability of Information Management
— Establishing Knowledge Systems

— Knowledge Documentation

—— Workers with innovative ability

L Planning of Knowledge Management

Fig. 2 Evaluative framewor k
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