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Abstract

Knowledge management can greatly facilitate an organization’s learning via strategic insight. Assessing the achievements of knowledge
communities (KC) includes both a theoretical basis and practical aspect; however, a cautionary word is in order, because using improper
measurements will increase complexity and reduce applicability. Group decision-making, the essence of knowledge communities, lets one
considers multi-dimensional problems for the decision-maker, sets priorities for each decision factor, and assesses rankings for all alter-
natives. The purpose of this study is to establish the objective and measurable patterns to obtain anticipated achievements of KC through
conducting a group-decision comparison. The three multiple-criteria decision-making methods we used, simple average weight (SAW),
“Technique for Order Preference by Similarity to an Ideal Solution” (TOPSIS) and ““ViseKriterijumska Optimizacija I Kompromisno
Resenje”” (VIKOR), are based on an aggregating function representing ““closeness to the ideal point”. The TOPSIS and VIKOR methods
were used to highlight our innovative idea, academic analysis, and practical appliance value. Simple average weight (SAW) is known to be
a common method to get the preliminary outcome. Our study provides a comparison analysis of the above-three methods. An empirical
case is illustrated to demonstrate the overall KC achievements, showing their similarities and differences to achieve group decisions. Our
results showed that TOPSIS and simple average weight (SAW) had identical rankings overall, but TOPSIS had better distinguishing capa-
bility. TOPSIS and VIKOR had almost the same success setting priorities by weight. However, VIKOR produced different rankings than
those from TOPSIS and SAW, and VIKOR also made it easy to choose appropriate strategies. Both the TOPSIS and VIKOR methods are
suitable for assessing similar problems, provide excellent results close to reality, and grant superior analysis.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Appraisal of KC in achievements will influence an orga-
nization’s strategic focus, knowledge transfer, resource
allocation, and management performance. Meanwhile,
proper measurement and decision-making processes are
critical for knowledge management success. We try to ana-
lyze group decision of knowledge communities (KC) in
achievements through three methods to meet organiza-
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tional demands. Sixteen criteria and four options were built
on the basis of four dimensions — leadership locus, incentive
mechanism, member interaction, and complementary assets
— so as to establish multi-level and multi-criteria frame-
works. The results revealed that when KC takes different
approaches, their implementation orientations and major
impacts differ. In the context of strategic goals and trans-
formation, using different KC will influence resource allo-
cation and overall achievement of success.

Multiple attribute decision making (MADM) and group
decision-making are widely used, and there are many such
modes proposed in the literature. The chief advantage of
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MADM is that it can give managers many dimensions to
consider related elements, and evaluate all possible options
under variable degrees. Group decision-making is a process
where experts make decisions and consolidate an optimal
strategy. Our study constructed a comparison analysis
based on AHP (Analytical Hierarchy Process), TOPSIS,
and VIKOR. First, we used AHP to establish hierarchy
architecture and then expressed individual opinions by
comparing pairs. After collecting KC experts’ opinions,
TOPSIS and VIKOR were utilized to make non-linear cal-
culations so as to obtain final appraisal values from which
one can choose the best option. Our analysis was applied to
the achievements of KC and we sought to prove the meth-
ods’ reusability. From the KC illustrative example, this
analysis can achieve effective group decision-making faster
without requiring long meetings. Its non-linear nature pro-
vides better results than do mathematical averages, espe-
cially when extreme bias or widely differing viewpoints
exist among the decision-makers.

The performance alternatives were ranked according to
different group decision methods. There are many key suc-
cess factors for KC one must consider, and to try to find
the best option, our study analyzes and discusses the prior-
ity settings based on the constructed model which com-
pares the ranking outcomes among TOPSIS, VIKOR,
and SAW. The purpose of this study is to highlight both
the innovation and application values. Our three major
goals were as follows:

1. Use the fuzzy AHP, TOPSIS, and VIKOR methods to
establish an objective appraisal of the KC.

2. Take the case of an R&D organization to illustrate the
values and empirical analysis, and to compare with
results from the traditional SAW method.

3. Verify the theory, literature review, and applications.

TOPSIS was chosen as an alternative that should have
the shortest distance from the positive ideal solution
(PIS) and the farthest from the negative-ideal solution
(NIS) for solving a multiple-criteria decision-making prob-
lem. The basic concept of VIKOR lies in first defining the
positive and negative ideal solutions. The positive ideal
solution is the alternative with the highest value while the
negative ideal solution is the one with the least test value.
The goal of this study was to use the above two methods
to assess the KC value. Our questionnaire was composed
of a wide literature review, experts’ opinions, and included
the 16 criteria and four performance alternatives on the
basis of four dimensions (Fig. 2). This study analyzed com-
promise solutions under well-defined conditions, quantita-
tive goals, and objectively hierarchy system of KC
achievement options. The characteristics of our construc-
tion (Fig. 2) are considering multiple and trade-off practical
problems, adopting multi-criteria solution to discuss the
subjective cognition. Before distributing the question-
naires, we conducted a pre-run of this study with experts
and then modified the inadequate parts to ensure all the

questions could clearly express and measure the criteria.
Four dimensions were utilized to construct the analysis:
leadership locus, incentive mechanism, member interaction,
and complementary assets. This let us establish a multi-level
and multi-criteria framework. Proper ranking and priori-
ties of KC performance were then assessed using the
experts’ questionnaires. The results could provide refer-
ences for choosing the best KC solutions. After studying
all related publications, this study applied a quantitative
model to compensate for the deficiencies of existing KC
analyses, such as subjective or qualitative viewpoints.

There are many dimensions to consider when assessing
KC achievements with multiplicative hierarchy criteria
(Kerzner, 1989). Many scholars have adopted AHP
(Analytic Hierarchy Process) (Saaty, 1977, 1980) to obtain
decision-making alternatives. Hwang and Yoon (1981)
discuss the method and application of multi-attribute
decision-making. It is easy for participants to complete
questionnaires based on comparative importance, which
parallels human logic, instead of using actual scores. In
recent years, scholars have begun to apply Fuzzy AHP
(Fuzzy Analytic Hierarchy Process) (Buckley, 1985) to
resolve such fuzzy Linguistic Scale problems to facilitate
expressions by study participants, such as Cheng and
Mon (1994) in the selection of weapons systems.

An empirical case is illustrated to show the results of
group decision-making. By adopting TOPSIS (Hwang &
Yoon, 1981) and VIKOR (Opricovic, 1998) compared with
SAW, this study explored both independent and interre-
lated criteria. We analyzed 57 questionnaires with software
such EcPro (AHP) and Excel and the resulting analysis and
explanations are as follows:

For TOPSIS and SAW, the results showed that the util-
ity value of increased core competency was highest, fol-
lowed in order by that of emhanced work efficiency,
induced innovative learning, and promoted responsiveness.

For VIKOR, the results showed that the utility value of
increased core competency was highest, followed by that of
enhanced work efficiency, promoted responsiveness, and in-
duced innovative learning.

From the above three methods, the ranking and priori-
ties of TOPSIS and SAW were found to be the same, but
TOPSIS and VIKOR had better distinguishing abilities.

The remainder of this paper is organized as follow. Basic
concepts and comparisons of KCs are introduced in Sec-
tion 2. In Section 3 methods of TOPSIS and VIKOR are
reviewed. In Section 4 illustrates an empirical case for
assessing the architectures of KC in achievements is illus-
trated to demonstrate the proposed methods. Discussion
are presented in Section 5. Finally, we provide conclusions
and remarks in last section.

2. Basic concepts and comparisons of KCs in achievement
Most Knowledge Management (KM) projects stress

explicit knowledge. However, being able to exchange tacit
knowledge is more important today than ever. Current



M.-T. Chu et al. | Expert Systems with Applications 33 (2007) 1011-1024 1013

KMs’ central themes emphasize people issue, especially
how to cross-organizational boundaries in achievement.
As the KM era is coming, KC seems the best way to
acquire tacit knowledge nowadays. Therefore, in this sub-
section the basic concepts of KC implications, KC bench-
marking, KC value and comparisons of four KC in
achievement.

2.1. KC implications

There are different positions and goals in various KC.
Although the names differ, the different terms describe sim-
ilar content and ideas. In 2000, Verna Allee thought knowl-
edge should include and utilize KC to create organizational
knowledge. In 1998, Etienne Wenger first proposed KC in
the Harvard business review. He believes that KC is infor-
mal groups sharing knowledge and passion and pointed
out that KC are composed of the three critical elements
shown in Table 1.

2.2. KC benchmarking

There is additional team formation in the organization
besides KC; examples include formal divisions, project
teams, informal networks, and so on. This study compared
the four kinds of benchmarking for pursuing targets/goal
that will help one understand a KCs characteristics and
their appearances (Cohendet & Meyer-Krahmer, 2001;
Verna, 2000; Wenger, McDermott, & Snyder, 2002) (Table
2 and 3).

2.3. KC value

KC not only helps organizations, but they help individ-
uals to create the value also. KC is an effective way to share
knowledge, and the studies below state their many
strengths and values (Wenger, 1998).

2.4. Four KC in achievements

Wenger and Etienne (1998) points out that the intellec-
tual assets residing in KC can lead to positive behavioral
changes, which in turn lead to positive influences on the
organization. When KC prefers explicit knowledge
content, the operation focus tends to reuse intellectual
property, emphasizing the storage, access, and reuse of

Table 1
Analysis of KC critical elements

knowledge. In contrast, when KC focuses on promoting
working efficiency, they primarily send warnings through
analysis and classification of knowledge and also speed up
responsiveness. When KC prefers tacit knowledge, how-
ever, the operation’s key goal is to create collective learning
fields, letting experts’ exchange, interact with, and shift best
practices. This kind of KC raises the capability and facili-
tates innovation through cross-domain exchanges.

When KC emphasizes competency and efficiency, their
organizational performance will stress keeping costs down;
on the other hand, KC that focus on innovation and
responsiveness will stress keeping revenues up. Our study
differentiates among these four KC in achievement as alter-
natives by examining their different operation modes and
performance (Fig. 1).

The first alternative is to induced innovative learning.
Characteristics include cross-domain studies and sharing
to facilitate the innovation, creation, and generation of
common interests. These KC also establish safe infrastruc-
tures by trial and error.

The second alternative is to promoted responsiveness.By
collecting and classifying knowledge, KC can directly solve
problems because colleagues with similar experience are
easy to find. They can help other members who are facing
questions because they have a common dictionary and
familiarity with the language.

The third alternative is to increased core competency. Col-
leagues promote skills by shifting knowledge practices, pro-
viding experts, increasing communication between senior
and junior members, and teaching the organization’s agree-
ments and customs to its newer members.

The fourth alternative is to enhanced working efficiency.
KC can reuse already-existing intellectual property, share
related documents and information, and enhance produc-
tivity with easy-to- study practical knowledge.

The differences between the above-mentioned alterna-
tives lie in the organizational performance and operation
modes. Some greatly reduce costs while others increase
earnings. Some focus primarily on group learning while
some reuse intellectual assets (IA) as a favorable base.

Recognizing that KC affect performance is important
because of KC’ potential to overcome the inherent prob-
lems of a slow-moving, traditional hierarchy in a fast-mov-
ing knowledge economy. Associated with the KC, four
specific alternatives were identified to link these outcomes
toward the multi-dimension criteria. Our study used four

Critical Mutual engagement Joint enterprise Shared repository
elements
Description Refers to the actual participation and At the beginning, the KC forms and In the process of pursuing the common

commitment of people. KC does not only
gather people and give the names. The
important key is peoples’ common interest

members pursue the direction as KC,
simultaneously creating the common
responsibility relations within the group,
usually by affiliates, visions, or goals

vision, members create resources, namely
knowledge banks, containing know-how,
methodology, and methods in community

Source: Wenger (1998, Cambridge University Press).
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Table 2
Comparison of KC and other groups

Item/group Knowledge communities Formal division Project team Informal network
category
Purpose 1. Share knowledge 1. Responsible for divisional 1. Complete project Integrate and exchange
2. Promote problem solving skill function target valuable information
3. Accumulate organization 2. Specialized task assignment 2. Cooperation cross
knowledge divisions
Teaming Participate by free will Lead by division manager Choose by project leader Common interest or mutual

Characters of Similar Similar
members
Boundary Vague Clear

Driving force Passion, trust, sense of Identity, Goal of division

trust
Different Different
Clear Undecided

Goal of project Meet needs each other

commitment
Duration As long as common interest Until reorganization Until end of project Lack of definite starting &
exists ending
Source: Verna (2000); Wenger and Snyder (2000); Cohendet and Meyer-Krahmer (2001); Wenger et al. (2002).
Table 3
How KCs help different entities
Entity Enterprise Community Individual
Value 1. Realize organizational strategies 1. Build common language, methods, 1. Work efficiency
2. Solve cross-field problems quickly and models 2. Increase sense of safety for company and
3. Help recruit talent 2. Establish knowledge and expert banks colleagues
4. Construct core competency and competitive 3. Help knowledge transmission 3. Promote learning
advantage 4. Increase opportunity to find experts 4. Increase skill and competency
5. Reuse best practices 5. Provide power sharing and influence 5. Offer contribution and face challenges

6. Increase innovation

Source: Verna (2000); Wenger and Snyder (2000); Cohendet and Meyer-Krahmer (2001); Wenger et al. (2002).

Organizational Performance

—>

Cost down Revenue up
G .
-co Learning Increased Core Induced Innovation
(] .
by Competency Learning
s
: .
Z Enhanced Working Promoted
2 Efficiency Responsiveness
® Reuse IA

Fig. 1. Four kinds of KC achievements.

alternatives — induced innovative learning, promoted respon-
siveness, increased core competency, and enhanced working
efficiency — to discuss the KC performance alternatives. A
thorough discussion and analysis of the choices showed
that KC alternatives are desirable because they will influ-
ence the KM achievements and the community’s resource
allocation. Table 4 shows that the study follows actual
experiences and explains the four KC alternative results.

3. Methods of TOPSIS and VIKOR for KC in achievement

Before building an illustrative example to analyze KC
achievements, this section discusses the optimal ranking

methods used by multi-criteria decision-making, TOPSIS
and VIKOR, as a theoretical basis for the following
applications.

3.1. TOPSIS

Multiple-criteria decision-making (MCDM) is used to
select a project from several alternatives according to var-
ious criteria. Hwang and Yoon (1981) first developed The
Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS). The TOPSIS approach is based on
the idea that the chosen alternative should have the short-
est distance from the positive ideal solution (PIS) and the
farthest from the negative-ideal solution (NIS) for solving
multiple-criteria decision-making problems. In short, the
ideal solution is composed of all the best criteria, whereas
the negative ideal solution is made up of all the worst
attainable criteria. The calculation processes for this
method are as follows:

(1) Normalize the appraisal matrix.

This process transforms different scales and units among
various criteria into common measurable units to allow
for comparisons of different criteria. Assume x; is the
appraisal matrix R of alternative i under appraisal crite-



Table 4

Comparison of the four KC alternative results

Key point

Performance

Entity

Interface

Connection

Alternative/dimension

Group leaning

Revenues up

Common interest

Establish safe infrastructure for new thinking

Support new ideas and creativity

Induced innovative learning
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Reuse 1A

Revenues up

Common language

Willing to respond to problems

Find people with similar experience

Promoted responsiveness

Group learning
Reuse TA

Costs down

Regulation

Coach of new knowledge

Find experts

Increased core competency

Costs down

Know how

Positive recognition

Find developed practice

Enhanced working efficiency

rion j; in that case, an element r; of the normalized
appraisal matrix R can be calculated by many normali-
zation methods to achieve this objective.
Xij . .
ry=——, i=12,....m j=12,...,n. (1)
m 2
Zi:lxij

(2) Construct the weighted normalized appraisal matrix.
Each appraisal criterion cannot be assumed to be of
equal importance because the appraisal criteria have
various meanings. There are many methods that can
be employed to determine weights, such as the eigenvec-
tor method, weighted lease square method, entropy
method, AHP, as well as linear programming techniques
for multidimensional of analysis preference (LINMAP).
The method you choose depends on the nature of the
problem. The weighted normalized appraisal matrix
can be calculated by multiplying the normalized apprai-
sal matrix r; with its associated weight w; to obtain the
result v;:

U[/‘:rl‘jXWj, l:1727,m, j:1,2,...,n. (2)

(3) Determine the positive and negative ideal solutions.
This step can get 4™ and A~ to be the basis to calculate
the distances. The positive ideal solution 4" indicates
the most preferable alternative while the negative ideal
solution A~ indicates the least preferable alternative.
The formulas are as follows:

AT = {(MaXiUU'U GJ), (Min,‘l)ij‘j € J/)|l = 1,2,. .. 7}’[}

= {v],05, ..., 0}, ..., U}, (3)
Aj_ = {(Mil’liUU‘U GJ), (MaXiUU‘U S J/)|l = 1,2,.. . 7l’l}
={v/, 05,07, 0, ] (4)

where 4] is the positive ideal solution for the jth criteria,
A; is the negative ideal solution for the jth criteria. If
associate all 4; will have the optimal combinations,
which get the highest scores, same as 4.

(4) Calculate the separation measure.

The n-criteria evaluation distance can measure the sepa-
ration from the positive and negative ideal solution for
each alternative.

(5) Calculate the relative closeness to the ideal solution.
The relative closeness of the ith alternative with respect
to the ideal solution 4™ is defined as C;. If alternative i is
the positive ideal solution, then C: = 1; however, if
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alternative 7 is the negative ideal solution, then C; = 0.
In other words, if the value of C is closer to 1, the alter-
native # will be closer to the positive ideal solution.

ST
Cl=—-—"

—t— 0<Ci<l,
bOST+S) !

i=12...,n (7)
(6) Rank the priority.

A set of alternatives can then be preference ranked
according to the descending order of C:.

3.2. VIKOR

Opricovic (1998) and Opricovic and Tzeng (2002) devel-
oped VIKOR (the Serbian name, ViseKriterijumska Opti-
mizacija I Kompromisno Resenje, means Multi-criteria
Optimization and Compromise Solution). This method is
based on the compromise programming of multi-criteria
decision making (MCDM). Our study used VIKORs rank-
ing method.

The basic concept of VIKOR lies in defining the positive
and negative ideal solutions first. The positive ideal solu-
tion indicates the alternative with the highest value (score
of 100) while the negative ideal solution indicates the alter-
native with the lowest value (score of 0).

(1) Calculate the normalized value.

For the process of normalized value, when x;; is the ori-
ginal value of the ith option and the jth dimension, the
formula is as follows:

/UZX”, i=12,....m; j=1,2,... n.

(8)

(2) Determine the best and worst values.

For all the criteria functions the best value was fj* and
the worst value was fj’; that is, for criterion 1= 1,n,
we have formulas (9) and (10)

f}* - MaX,- ijy
ff = Min; ijy

i=1,2,...,m, 9)
i=1,2,....m (10)

When /7 is the positive ideal solution for the jth criteria,
J; 1is the negative ideal solution for the jth criteria. If
one associates all f;', one will have the optimal combina-
tion, which gets the highest scores, the same as f; .
(3) Distance and calculation of final value.

(1) Compute the values s; and R; for i= 1,1 which is
defined as follows:

This step is to calculate the distance from each KC value
to the positive ideal solution and then get the sum to
obtain the final value. (See formula (11) and (12).)

S—sz(f — I/ =10 (11)
R; = Man[Wi(fj _.ﬁj)/%* _fji)]v (12)

where s; represents the distance rate of the ith KC achieve-
ment to the positive ideal solution (best combination), R;
represents the distance rate of the ith KC achievement to
the negative ideal solution (worst combination). The excel-
lence ranking will be based on s; values and the worst rank-
ings will be based on R; values. Then, using the following
equations, we can calculate the final value.

(2) Compute the values /; for i =1, ..., I, which are defined

as
S, — 8 R, — R*
[,’ - 1 5 1
R DI = (13)
where S*"=Mins;, S™ =Maxs, R =MinR, R =

MaxR;, and v is a weighting reference. [(S~ — S¥)/
(S — §")] represents the distance rate from the positive ideal
solution of the ith KC achievements In other words, the
majority agrees to use the rate of the ith. [(R™ — R")/
(R — R")] represents the distance rate from the negative
ideal solution of the ith KC achievements; this means the
majority disagree with the rate of the ith KC achievements.
Thus, when the v reference is larger (>0.5), the index of /;
will tend to majority rule.

3.3. Discussion and comparisons

The reason for using both TOPSIS and VIKOR is due
to the different effects of this study’s criteria. For example,
when case A gets high grades in most criteria (scores of 80
in 15 criteria), but one criteria grade is very low (score of 50
in 1 criterion), its final value is 1250. In contrast, when case
B gets average grades in all criteria (scores of 70 in 16 cri-
teria), its final value is 1120. From the organization’s view-
point, case B is preferable to A. However, one might
choose case A over B based on SAW (1250 > 1120). There-
fore, this study uses both TOPSIS and VIKOR to set rank-
ings, where S; is the sum of the distance from PIS and R; is
the sum of the distance from NIS; the rankings will thus
provide two reference numbers. Finally, set v to 0.5; we will
consider both majority rule and high than the lower value.
This proves that TOPSIS and VIKOR together have better
distinguishing ability than does traditional SAW for clari-
fying assessment results.

4. Establishing multi-goal and criteria appraisal models

We constructed a multi-goal and multi-criteria assess-
ment model and established analytical procedures,
including a hierarchy structure, questionnaire formats, par-
ticipants’ selections, and performance alternatives for KC
based on Fuzzy MCDM theory.

4.1. Forming a study model
The aim of this section is to build a multi-objective and

multi-standard evaluation model for KC achievements.
The three steps in building the model are:



M.-T. Chu et al. | Expert Systems with Applications 33 (2007) 1011-1024 1017

Goal Dimension Criteria Performance Alternatives
| Top-Down Ass1g1_11ng A: Induced Innovation
L . Bottom-Up Teaming .
eadership || Total E i Learning
— Locus otal Execution
Partial Pilot run B: Promoted
Substantive Reward Responsiveness
I i Psychological Encouragement
™ MI;EI;;:;H ] Achievements Appraisal Basis C: Increased Core
Evaluate Peer Reputation Competency
Perfolxil(;ance Hpmogeqeity of members D: Enhanced Work
Member || lefer.entlal mem.ber Efficiency
— ‘ Security Emphasis
Interaction Cross-Domain Sharing
Give Extra Resources
C 1 tary || Just Daily Work
] om&emft:n ary Integrated IT Platform
ssets :Independent IT platform

Fig. 2. The hierarchy system of KC achievements options.

Table 5
Statistical numbers of questionnaires 1. Describe the situation.
Groups Sent Received Valid Ratio of 2. Establish the multi-goal construction and tree-shape
questionnaires  effectiveness correlation.
Essential technology 18 15 13 72.2% 3. Evaluate the results.
R&D
Advanced 18 13 12 66.6% First, to form a study model, invite experts in the field
technology R&D for brainstorming and discussion. Second, to generate con-
Key technology 18 14 13 72.2% . . .
reforming sensus, answer the questions on the basis of the literature
Professional task 21 20 19 90.4% review, this study is built on four dimensions — leadership
service locus, incentive mechanism, member interaction, and comple-
Total/ratio 62 57 76.0% mentary assetsto construct the second-tier criteria.
Table 6
Dimension and criteria weight of each group
Group/weight (rank)/criteria Essential technology =~ Advanced Key technology Professional task Rank
R&D technology R&D reforming service
Leadership locus ~ Top-down assigning 0.087 (3) 0.122 (1) 0.037 (12) 0.063 (5) 4
Bottom-up teaming 0.034 (15) 0.036 (14) 0.024 (16) 0.050 (11) (15)
Total execution 0.068 (7) 0.054 (10) 0.027 (15) 0.032 (15) (13)
Partial pilot run 0.050 (10) 0.062 (6) 0.030 (14) 0.082 (4) )
Incentive Substantive reward 0.085 (4) 0.073 (5) 0.081 (5) 0.062 (7) (5)
mechanism Psychological 0.044 (11) 0.055 (8) 0.034 (13) 0.037 (14) (14)
encouragement
Achievements 0.088 (2) 0.111 (2) 0.070 (7) 0.107 (2) (2)
appraisal basis
Peer reputation 0.051 (9) 0.052 (11) 0.052 (11) 0.056 (9) (11)
Member Homogeneity of 0.043 (12) 0.059 (7) 0.076 (6) 0.046 (12) (10)
interaction members
Differential member 0.039 (14) 0.055 (8) 0.061 (8) 0.100 (3) (6)
Security emphasis 0.022 (16) 0.093 (3) 0.094 (2) 0.063 (5) (7)
Cross-domain sharing ~ 0.085 (4) 0.093 (3) 0.085 (4) 0.118 (1) (1)
Complementary Give extra resource 0.075 (6) 0.047 (12) 0.093 (3) 0.055 (10) 7)
assets Just daily work 0.057 (8) 0.025 (15) 0.054 (10) 0.042 (13) (12)
Integrated IT 0.127 (1) 0.042 (13) 0.126 (1) 0.058 (8) (3)
platform
Independent IT 0.043 (12) 0.021 (16) 0.057 (9) 0.028 (16) (15)
platform

P.S. All errors are less than 0.002.
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The leadership locus dimension contains four criteria:
top-down assigning, bottom-up teaming, total execution,
and partial pilot run.

The incentive mechanism dimension contains four crite-
ria: substantive reward, psychological encouragement,
achievements appraisal basis, and Peer Reputation.

The member interaction dimension contains four criteria:
homogeneity of members, differential members, security
emphasis, and cross-domain sharing.

The complementary assets dimension contains four crite-
ria: Give extra resources, just daily work, integrated IT
platform, and Independent IT platform.

The goal is to evaluate KC performance alternatives.
Next, four dimensions are created to assess the 16 criteria.
Fig. 2 shows the appraisal hierarchy system.

Solving the target of this research, we use the first
layer dimensions and the second layer criteria to estab-
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lish the hierarchy system of KC achievements model as
Fig. 2.

4.2. Weight of hierarchy model

The target of this study’s questionnaire included 75
experts with KC experience. Seventy-five questionnaires
were distributed and divided into four distinct groups:

Essential Technology R&D Groups: 19 questionnaires

Advanced Technology R&D Groups: 20 questionnaires
Key Technology Reforming Groups: 16 questionnaires
Professional Task Service Groups: 20 questionnaires

This study used the average weight of four groups to be
the standard of criteria assessment. We received 57 valid
questionnaires expressing opinions toward the 16 criteria

(Tables 5 and 6).

Table 7
TOPSIS practice designs
Item/criteria C1 C C3 Cq Cs Ce C7 Ccg Cg C10 C11 C12 C13 Cla C1s Cl6
SAW (w; wy Wy w3 Wy ws We wy wg Wo Wio wi1 Wi w13 Wig Wis Wie
Criteria value (ry) 1 rn Iz I3 T4 ris 4T3 r rg T'19 r110 I ri2 r113 114 ri1s 16
2 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215 216
n Fn1 T2 n3 T'na Fps Fne Fn7 g T'n9 Tn1o Tn11 Tn12 Yn13 Fn14 Tn1s n16
Weighted value (v;) 1 U11 U2 V13 V14 U1s V16 U17 U1g V19 U110 U111 U112 U113 U114 U115 U116
2 U21 U2 U23 U24 U2s U26 U27 Uag V29 210 U211 U212 0213 U214 U215 216
n Uni Un2 Un3 Un4 Uns Une Un7 Ung Un9 Un1o Un11 Un12 Un13 Un14 Un1s Unl6
* * * * * * * * * * * * * * * * *
(PIS)Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj
(NIS)A]- Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj Aj A/. Aj A/. Aj Aj
Options S S 1 C2 c3 Cq Cs C6 c7 Cg Co C10 1 C12 13 C14 C1s C16
1 S St Sn Sz S13 S14 Sis NITS S17 S1g N Sti0 St Stz Shi3 Stia Stis S1i6
— ¥
2 S5 S5 So1 S Sa3 So4 Sas Sa6 Sa7 Sag Sa9 S210 Son1 So12 So13 So14 So1s So16
— %
m Smj Smj Sml Sm2 Sm} Sm4 SmS Sm6 Sm7 SmS SmQ S/nlO Smll Sle Sml3 Sml4 SmlS Sm16
Table 8
VIKOR practice designs
ltem/criteria C1 (&) C3 Cyq4 Cs Ce C7 Cg (&) C10 C11 C12 C13 Cila C1s5 Ci6
Average weight wy Wy W3z Wgq  Ws  Wg Wy Wg  Wg  Wiyg Wi Wi W13 Wig W15 Wig
Value 1 JSu Sz S fiw fis o fis Fuooo fis fioo Suo fin Suz Sus o Sfua o fus o Sus
2 Ja fo fz fa fos S Faro o fas fro fao Sfonr far fas faa o fas o fae
n S fe S S Sus o Jus Sur Sus Suo Suo Sar Swz fuz fua fus o fue
* "k "k * &3 * "k "k * "k "k * * * * *
PIS /A R R
, NIS Y
KC Distance of NIS Ri Distance of PIS Si C1 C) Cc3 C4 Cs Ce C7 Cg Co C10 Cl1 C12 C13 Cla C1s Cie
1 Ry; NY; Sit Sz Siz Sua Sis Sie Si7 Sis S Sio St Sz Sz Sus Sus Sue
2 Ry Sy Sor S Sz Sy Sas S Syr S S Saio Sair Sz Sa13 Saia Sais Sais
n an Sn/' Snl Sn2 Sn3 Sn4 SnS SnG Sn7 SnS Sr19 SnlO Snll Sn12 Snl3 Snl4 SnlS Sn16
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Table 9
KC Final value ranking of n KC

KC achievements/final value 0.1 0.2 03 04 0.5 0.6 0.7 0.8
(ranking)/v value

1 [1 11 11 11 [1 [1 I] [1
2 L L L L &L L L L
n [n ]n [n In [n [n In [n

# v ordinary value setting.

4.3. Empirical practice model description

(1) TOPSIS practice.

To simplify the following calculation and example, our
study used a practice example of TOPSIS where
¢ ~ ¢16 was the criteria and w; was the simple average
weight. According to the weights in Table 6 and formula
(1), we established a normalized matrix in the third
array; r; represents the criteria value. The fourth array
will get the weighting value matrix v;;, which is w; multi-
ple r;. Then, on the basis of formulas (3) and (4), we
obtained PIS (47), NIS (4;), the distance from PIS
(S7), the distance from NIS (S7), and the relative
approximate value (C;) and ranking (Table 7).

(2) VIKOR practice.

This research assumed there are n KC achievements to
assess. We used 16 average-weight (¢ ~ c¢16) follow
Fig. 2 and Table 6, and combined the values acquired
by AHP. We derived the PIS and NIS from Table 8
and then put the values into formulas (8)—(10). We com-
puted the distance from each value to PIS based on for-
mulas (11) and (12). Table 5 represents the preferred KC
achievements by ranking the results. Wherever v is larger
(>0.5), the index of I; will prefer majority rule, and
vice versa. Therefore, decision-makers should adjust
the v reference; it is ordinarily 0.5, which means we
might use VIKOR when many people are involved in
assessment but use TOPSIS when few are involved
(Table 9).

5. Empirical analysis and discussion

Some R&D organizations are assessed according to
their KC achievements based on the average weight of
four groups analyzed and discussed from the standpoint
of four values. First, we adopted the weight found in Table
6. Second, we calculated the values, PIS, NIS, and dis-
tances. Finally, we obtained the KC final value and
ranking.

5.1. Weight of criteria

Among the 16 criteria weights, the cross-domain sharing
score was the highest (0.098), followed by those of achieve-

Table 10

Average weights of 16 criteria

Incentive mechanism

Leadership locus

Criteria

Peer reputation

Achievements appraisal

basis

Psychological

Substantive
reward

Partial pilot run

Bottom-up Total

teaming

Top-down assigning

encouragement

0.042 (14)

execution

0.053 (11)

0.095 (2)

0.074 (5)

0.044 (13) 0.059 (9)

0.037 (15)

0.075 (4)

Weight

(ranking)

Complementary assets

Give extra
resource

Member interaction
Homogeneity of

members

Criteria

Independent IT
platform

Integrated IT platform

Just daily work

Cross-domain

Security
sharing

Differential
member

emphasis
0.067

0.045 (12) 0.086 (3) 0.037 (15)

0.067 (7)

0.098 (1)

0.068 (6) (7)

0.055 (10)

Weight

(ranking)
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ments appraisal basis (0.095) and integrated IT platform
(0.086), while independent IT platform was the lowest
(0.037).

5.2. Effective value of KC

(1) Utilizing the effective values of KC achievements, the
criteria data of this study as Table 11.

(2) Distances from PIS and NIS.
(i) TOPSIS.
The best and worst values will be acquired in this step
so as to calculate the distances. Table 11 explains the
distances from PIS and NIS (Tables 12 and 13).
(i) VIKOR.
Each KC achievement will be computed in this step
by VIKOR. First, add the distances from the ideal
solution, then obtain the distances from PIS (S))
and NIS (R)) (Table 14).

5.3. Final values and ranking

v value was set from 0.1 to 1.0 to calculate and rank our
findings (Table 15). According to VIKOR, when v is larger
(>0.5), the I; index will prefer majority rule. Our study set
v =0.5 to get the final value and ranking: 1. increased core
competency, 2. promoted responsiveness, 3. enhanced work-
ing efficiency, 4. induced innovative learning (Table 16).

5.4. Discussion

Our Group decision analysis utilizes the same dimen-
sions and criteria to assess KC achievements. Our analysis
can meet the appraisal goal based on the same baseline, but

Table 11
Effective values of four KC achievements
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the weight importance will differ depending on the nature
of each KC. In sum, our study used a real case to prove
that the model combines theory and practical experience.
Our approach is applicable and feasible, and closes the
gap between anticipated results and actual problem solv-
ing. We also completed the comparison analysis among
TOPSIS, VIKOR, and SAW methods. The findings further
demonstrated that increased core competency was the high-
est among the three methods. Even though the ranking
outcomes were the same, TOPSIS and VIKOR were both
better at clarifying the differences between alternatives than
SAW could. Our results prove that traditional methods are
not better than TOPSIS or VIKOR for getting clear KC
results. TOPSIS is one of the MCDA evaluation methods
that used a compromise solution. TOPSIS should satisfy
the closest to the positive ideal solution and the farthest
from the negative ideal solution. We achieved the final
value to implement the multi-goal group decisions by cal-
culating the comparative distance from the ideal solution.
TOPSIS set p = 2 to express the largest Max-Min variance
to find the solution. In contrast, VIKOR set p =1 (each
variance had the same weight) and p = co (to only express
the weight of the largest variance) to find the two distances
and to set weight v and 1 — v to justify all possible
combinations.

Carrying on the priority analysis using VIKOR, the
minority bias was avoided and the majority opinions were
represented. VIKOR may be used in the multi-goal deci-
sion-making for many reasons. First, it helps to find the
final decision index as does TOPSIS, but VIKOR also
takes the side effects into consideration. Second, VIKOR
uses relative distances and different computing modes and
weights to formulate an overall target minority injury are
smallest when considering the side effect in situation. There

Group/weight (rank)/criteria Induced innovative Promoted Increased core Enhanced working
learning responsiveness competency efficiency
Leadership locus Top-down assigning 66 70 79 77
Bottom-up teaming 79 72 72 70
Total execution 63 72 72 74
Partial pilot run 75 68 75 71
Incentive Substantive reward 70 69 75 77
mechanism Psychological 78 72 72 74
encouragement
Achievements appraisal 70 74 77 79
basis
Peer reputation 78 72 73 80
Member Homogeneity of 58 67 72 75
interaction members
Differential member 82 68 70 67
Security emphasis 56 57 67 63
Cross-domain sharing 83 75 75 70
Complementary Give extra resource 74 72 75 74
assets Just daily work 59 66 67 70
Integrated IT platform 76 77 77 80
Independent IT platform 66 66 69 65




Table 12
PIS and NIS regarding 16 criteria

Criteria Leadership locus Incentive mechanism
Top-down Bottom-up Total execution  Partial pilot run Substantive Psychological Achievements appraisal Peer reputation
assigning teaming reward encouragement basis

PIS 79 79 74 75 77 78 79 80

NIS 70 70 63 68 69 72 70 72

Criteria Member interaction Complementary assets
Homogeneity Differential Security Cross-domain Give extra Just daily work Integrated IT platform Independent IT
member member emphasis sharing resource platform

PIS 75 82 67 83 75 70 80 69

NIS 58 67 56 70 72 59 76 65

Table 13

Distance from PIS and NIS (by TOPSIS)

Group/weight (rank)/criteria Induced innovative Promoted Increased core Enhance working
learning responsiveness competency efficiency
Distance from NIS 0.000143 0.000045 0.000179 0.000180
Distance from PIS 0.000201 0.000188 0.000077 0.000136
Leadership locus Top-down assigning 0.075 0.049 0.000 0.011
Bottom-up teaming 0.000 0.030 0.030 0.037
Total execution 0.044 0.006 0.006 0.000
Partial pilot run 0.000 0.059 0.000 0.032
Incentive mechanism Substantive reward 0.070 0.074 0.024 0.000
Psychological encouragement 0.000 0.042 0.039 0.028
Achievements appraisal basis 0.095 0.061 0.023 0.000
Peer reputation 0.016 0.053 0.044 0.000
Member interaction Homogeneity member 0.055 0.025 0.009 0.000
Differential member 0.000 0.060 0.051 0.068
Security emphasis 0.067 0.062 0.000 0.022
Cross-domain sharing 0.000 0.063 0.061 0.098
Complementary assets Give extra resource 0.019 0.067 0.000 0.005
Just daily work 0.045 0.017 0.011 0.000
Integrated IT platform 0.086 0.068 0.068 0.000
Independent IT platform 0.031 0.031 0.000 0.037
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Table 14

Distances from PIS and NIS (by VIKOR)

Enhanced working

efficiency
0.098

Increased core
competency

Promoted
0.068

Induced innovative

learning
0.095

Group/weight (rank)/criteria

responsiveness

0.074

Distance from NIS
Distance from PIS

Leadership locus

0.338

0.365

0.764
0.049
0.030

0.602
0.075

0.011

0.000
0.030

Top-down assigning

0.037

0.000
0.044
0.000
0.070

Bottom-up teaming
Total execution

0.000
0.032

0.006
0.000
0.024
0.039

0.006

0.059

Partial pilot run

0.000
0.028

0.074

Substantive reward

Incentive mechanism
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0.042
0.061

0.000
0.095

Psychological encouragement

0.000
0.000
0.000
0.068

0.023

Achievements appraisal basis

Peer reputation

0.044
0.009
0.051

0.053

0.016

0.025

0.055

Homogeneity of members

Differential member
Security emphasis

Member interaction

0.060
0.062
0.063

0.000
0.067

0.022
0.098

0.000
0.061

0.000
0.019

Cross-domain sharing

0.000 0.005

0.011

0.067

Give extra resource
Just daily work

Complementary assets

0.000
0.000
0.037

0.017

0.045

0.068

0.068

0.086

Integrated IT platform

0.000

0.031

0.031

Independent IT platform

Table 15

Final values and rankings using TOPSIS

Achievements/final Positive Negative Final Ranking

values and rankings  ideal ideal value

solution solution

Induced innovative 0.000201 0.000143 0415 3
learning

Promoted 0.000188 0.000045 0.192 4
responsiveness

Increased core 0.000077 0.000179 0.700 1
competency

Enhanced working 0.000136 0.000180 0.569 2
efficiency

are PIS but no NIS in VIKOR. When comparing TOPSIS
and VIKOR, there are two major differences.

1. TOPSIS considers majority rule while VIKOR considers
the smallest injures, and,

2. TOPSIS adds weight in the distance calculation while
VIKOR adds weight in the final value.

The rankings will be almost identical if the processes fol-
low the same weight between TOPSIS and VIKOR, but
there will be different results when VIKOR is designed to
give more choices for decision-makers. In sum, when there
are explicit parameters, we should use VIKOR, but when
we lack an explicit v value, we should use TOPSIS. The pri-
ority settings are the same between TOPSIS and SAW, but
SAW values are all extremely close and so it is hard to iden-
tify the differences. Our study compared the three methods
that we hope will give policy-makers more informed
choices (Table 17).

6. Conclusions and suggestions

KC is both an important tool for condensing cross-
domain integration energy and a source of core compe-
tency. When choosing specific infrastructures to implement
KC, firms should first decide which of the four achieve-
ments they want their KC to achieve, and let that goal
drive the decision. The main goal of this research is to con-
struct a group-decision analysis to enhance knowledge
sharing. In order to realize this target, leadership locus,
incentive mechanism, member interaction, and complemen-
tary assets should be taken into consideration. Our study
analyzed the weights and values of four dimensions and
16 criteria with an actual case, conducted real diagnostic
analysis, and discussed validity and usability. We hope
our research can help provide firms with valuable refer-
ences when implementing KC.

6.1. Conclusions

Anticipated achievements of KC will guide different
goals and ways; therefore, establishing objective and mea-
surable patterns is a critical issue for further research.
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Table 16

Final values and rankings using VIKOR

Achievements/final values/v values 0.1 0.2 0.3 0.4 0.5% 0.6 0.7 0.8 0.9 1.0

Induced innovative learning 0.120 (3) 0.149 (4) 0.177 (4) 0.206 (4) 0.235(4) 0.264 (4) 0.293 (4) 0.322 (4) 0.351 (4) 0.380 (4)
Promoted responsiveness 0.712 (1) 0.688 (1) 0.665(1) 0.642(2) 0.618(2) 0.595(3) 0.572(3) 0.548 (3) 0.525(3) 0.502 (3)
Increased core competency 0.382(2) 0499 (2) 0.616(2) 0.733 (1) 0.850 (1) 0.967 (1) 1.084 (1) 1.201(1) 1.319(1) 1.436 (1)
Enhanced working efficiency 0.100 (4) 0.200 (3) 0.300 (3) 0.400 (3) 0.500 (3) 0.600 (2) 0.700 (2) 0.800 (2) 0.900 (2) 1.000 (2)

# vy value was set 0.5.

Table 17 ‘ ment. If firms choose different criteria under the four
Four final values and rankings by three methods dimensions of leadership locus, incentive mechanism, mem-
Achievements/final values TOPSIS  VIKOR SAW ber interaction, and complementary assets, its operating
(ranking)/methods (v=0.5) mode and performance will also differ. Our KC construc-
Induced innovative learning 0.415(3) 0.235(4) 71.36 (3) tion can provide firms with general references, but the
fmmo“’(‘ii reSpons“’entess 8;33 E‘l‘; ggég g; ;gég E‘l‘; weight-settings depend on the individual situations. Similar
ncreased core competency . . . . -
Enhanced working efficiency 0569 (2) 0.500 (3) 7338 (2) questions may use TOPSIS or VIKOR to solve for different

From correlated literature, we may use mixed criteria
instead of single criteria to evaluate and verify KC achieve-
ments. The group-decision analysis adopts the weight
(Table 10) as the basis for calculation according to experts
in this field. The findings revealed increased core compe-
tency was first overall. As to the weight of criteria, cross-
domain sharing was highest, followed by achievements
appraisal basis and the integrated IT platform. The lowest
scores were for bottom-up building and independent IT plat-
form. This study developed a KC achievement matrix
(Fig. 1) and used induced innovative learning, promoted
responsiveness, increased core competency, and enhanced
working efficiency as the four kinds of achievement alterna-
tives, enabling one to choose the best method to determine
future trends.

Regarding SAW, the scores of four kinds of achieve-
ments were larger than 70 and had few differences among
them. Our study proves that traditional methods cannot
clarify decision-making as well as TOPSIS or VIKOR can.

Regarding VIKOR, our study tried to set v from 0.1 to
1.0. We found that when the v parameter is larger (>0.5),
the index of I; will prefer majority rule; a smaller v however
will lead one to accept majority rule. Also, smaller v values
will lead to an acceptance of majority opinions. The rankings
for VIKOR calculations when v is set to 0.5 are: increased
core  competency - promoted responsiveness > enhanced
working efficiency > induced innovative learning.

Regarding TOPSIS, increased core competency had the
highest ranking. The chief advantages of TOPSIS are
deciding criteria and weights by experienced experts in
sum; our study combined the TOPSIS, VIKOR and
SAW methods to make analysis comparisons so as to
respond to the majority opinions.

6.2. Suggestions

When KC was first implemented, firms often opposed it
because of different views and preferences of top manage-

appraisal criteria and obtain more realistic results and bet-
ter analysis quality. Unlike traditional appraisal methods,
both TOPSIS and VIKOR can clearly distinguish the KC
achievement results. Therefore, we suggest using the above
two methods, mutually, to enhance distinction ability and
avoid missing fuzzy data.

In today’s knowledge economy, a firm’s competitive
advantage lies in knowledge instead of in land, capital, or
technology. Many scholars believe, in certain organiza-
tions, KC itself can become the organizations’ most valu-
able property. However, displaying and measuring the
value of KC is difficult. Our study suggests building a reli-
able group-decision analysis to calculate the actual benefits
for the organization.

Our study also provides a complete appraisal model to
show each layer and its weights. The information interface
also plays an important role; for example, we suggest suit-
able software be designed to combine theory and practice
to mass application. Clearly, KC is growing in value as
more people recognize their potential; we hope this
research has contributed to this movement and we invite
further research on this crucial topic.
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