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ABSTRACT

Successful Enterprise Resource Planning (ERP) implementation is very important issue in today’s
globalised world trade and depends on paying high attention on critical success factors (CSFs)
affecting ERP implementation. In our study, we analyzed 8 CSFs by using fuzzy DEMATEL
methodology which serves a highly effective structural decision making system for modeling cause
and effect relationships. Among 8 CSFs, top management support and project team leader who
commit himself/herself to ERP implementation success are found to be the most important factors that
influenced other factors. This study is the first reference in the literature which uses a fuzzy
DEMATEL technique in determination of effective CSFs in implementation of successful ERP.
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OZET

Giiniimiiz glaballesen diinya ekonomisinde isletmelerin basarili bir sekilde Kurumsal Kaynak
Planmala (ERP) sistemlerini kurmasi ve bunun basarimasina etki eden kritik faktorlein belirnemesi
onemli bir konu haline gelmistir.Bu ¢alismada, sebep sonug iliskileri modellemede giiclii bir karar
destek yontemi olan fuzzy DEMATEL ile 8 krtitik basar: faktorii analiz edilmistir. ERP uyarlamasina
etki eden 8 kritik basari faktorii igerisinde tepe yonetim destegi ve kendisini ERP basarisina adamis
proje yoneticisi digerlerine etki eden en dnemli faktorelr olarak tespit edilmistir.Bu ¢alisma ERP nin
basarili uyarlamasina etki eden faktorelri fuzzy DEMATEL kullanarak analiz eden ilk referans
calismalardandir.

Anahtar Kelimeler: Kritik Basar: Faktorleri, ERP Uyarlama, Fuzzy DEMATEL.
Jel Kodlarr. C44.

1. INTRODUCTION

In today’s global market, bitter competition enforces companies to make use of available
tools in order to achieve responsive and accurate decision making process across the entire
organizations. From top management to the first line supervisors, decisions ought to be
taken in harmony and be as responsive and accurate as possible. Frameworks such as
Material Requirements Planning (MRP 1), Manufacturing Resource Planning (MRP 11) and
Enterprise Resource Planning have given rise over past 50 years respectively to tackle
various issues around decisiveness (Basoglu, 2007).
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The Enterprise Resource Planning (ERP) is the most mature and comprehensive framework
widely adopted as a useful tool to thoroughly integrate managerial and administrative
functions, which involves the product life cycle in every governmental and non-
governmental the companies and organizations. ERP is implemented with fully integrated
computer software solutions, which enables with effective and efficient information flow
and successful resource management throughout the organization (Davenport, 1998). It also
complies with the requirements of departments and functional areas by combining them
into unique computer set up (Genoulaz, 2005). The main motivation behind adopting and
implementing ERP systems is to benefit of the following targets:(i) effective information
costs, (ii) better customer relationships with retrieving the most up-to-date information, (iii)
rapid response time to the changes, (vi) adopting emerging technologies to improve
competitiveness, (v) making decision as fast and accurate as possible, (vi) decreasing
operation costs including better intra and interdepartmental relationships, (vii) preventing
disagreement between departments and managers, monitoring and controlling
operations,etc. (Markus and Tanis, 2000, Gibson et al., 1999, Umble et al., 2003, Watson
and Schneider, 1998, Kumar et al., 2003, Lonzinsky, 1998).In fact, due to various reasons,
it is observed that companies fail to achieve abovementioned targets in most of the time
(Kumar et al., 2002, Langenwalter, 2000, Law and Ngai, 2007, Li et al., 2001, Mabert et
al., 2003, Motwani et al. 2005, Schniederjansand Kim, 2003, ScottandVessey, 2000).

Although ERP provides competitive advantage to the organizations, implementation
problems have been recorded which lead to failure of ERP (Kumar et al., 2002,2003,
Langenwalter, 2000, Law and Ngai, 2007, Li et al., 2001, Mabert et al., 2003, Markus et al.,
2000, Marsh, 2000, Motwani et al. 2005, Nah et al., 2001,2003, Nandhakumar et al., 2005,
Reimers, 2002, 2003, Robey et al., 2002, Sarker and Lee, 2003, Schniederjans and Kim,
2003, Scott and Vessey, 2004, Sheu et al., 2004, Skok and Ledge, 2002). Holland and Light
discuss that approximately 90% of ERP implementations are either late or over budget,
which may be due to poor costing and scheduling or un-foreseen changes in project scope
rather than failure in project management (Holland and Light, 1999). In order to achieve a
successful implementation of ERP, considerable amount of studies have been focused on
how to determine the critical success factors for the implementation phase of the ERP in the
literature (Holland and Light, 1999, Bingi et al., 1999, Motwani et al., 2002, Umble and
Umble, 2002, Hong and Kim, 2002, Ngai et al., 2008, Bradley, 2008, Sun et al., 2005). At
this point, the imperative issue is how to increase the number of successful ERP
implementations by segmenting a set of critical success factors.However, few studies
discuss this issue.

Decision Making Trial and Evaluation Laboratory (DEMATEL) is the most appropriate
technique to find appropriate solution for this problem.The DEMATEL method was
initiated by Gabus and Fontela (1972, 1973), which works as a structural model of
gathering group information and visualizing the causal relationships of criteria by using
graphical diagrams.It uses an ordinary information processing procedure.

It is often observed that using ordinary (crisp) values in decision making has substantial
drawbacks when decisions are taken in vague environment. In fact, human decisions about
preferences usually include uncertainty and it is difficult to explain this uncertainty by crisp
values. Fuzzy logic is the most useful tool used to handle uncertainty and vagueness of
decision making process (Zadeh, 1965, Bellman and Zadeh, 1970).

In order to benefit of using non-crisp values in decision making process of DEMATEL
method, it has been combined with Fuzzy logic for more realistic decisions. There are
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several studies which combine DEMATEL and Fuzzy logic in the literature (Wu and Lee,
2007, Tsai and Chou, 2009).

The following sections of the paper are organized as follows. Literature Review on ERP
implementation success factors and applications of DEMATEL-fuzzy logic combination is
presented in section 2. In section 3, proposed method is described. In section 4, empirical
study is presented. Section 5 is dedicated to discussion about results of the study.
Conclusion and further study opportunities are presented in the last section.

2. LITERATURE REVIEW

In literature review, it was observed that considerable amount of studies has been done on
critical success factors for the successful implementation of ERP. Ngai et al. (2008)
reviewed literature in 10 different countries to identify the critical success factors of the
implementation of ERP. They defined 18 critical success factors with 80 sub factors for the
successful implementation of ERP. Bradley (2008) examined 10 critical success factors in
relation to project success and analyzed 8 implementation projects qualitatively. At the
end,it is found that 3 critical success factors (choosing the right full time Project manager,
personnel trainingand presence of champion) are important for successful implementation
of ERP. Sun et al. (2005) assessed the critical success factors for the small manufacturing
enterprise for the achievement of ERP implementation. Malhotra and Temponi (2010)
made research on small businesses and determined 6 critical decisions which are very
important for successful implementation: (1) project team structure, (2) implementation
strategy, (3) database conversion strategy, (4) transition technique, (5) risk management
strategy and (6) change management strategy.

Basoglu et al. (2007) surveys several organizations which have implemented ERP systems
to determine critical issues in ERP adoption. They argue that ERP system success can be
classified in to 6 categories: system quality, information quality, usage of the system, user
satisfaction, individual impact and organizational impact.

Al-Mashari et al. (2003) determine the critical success factors (CSF) for the successful
implementation of ERP systems as (1) Top management support, (2) users' training, (3)
Project communication, (4) Project management, (5) system integration, (6) cultural
differences, (7) ERP package selection, legacy systems, (8) process engineering activities
and customization of ERP. Gyampahand Salam (2004) also determine the CSFs as (1) Top
management support, (2) users' training, (3) communication within the project team and (4)
users’ acceptance. There are several other studies identifying these CSFs in the literature
(Umble et al., 2003, Bingi et al., 1999, Ngai et al. 2008, Bradford and Florin, 2003, Somers
and Nelson, 2003, 2004, Yusuf et al., 2004, Gyampah, 1999, Aladwani, 2007).

Grabski and Stewart (2007) conducted surveys on chief information officers and internal
audits of firms and concluded that control procedures are necessary to employ for
successful implementation of ERP. Chien et al. (2007) surveyed 244 small and medium
sized firms which implemented ERP in China and Taiwan. They concluded that both
centrifugal forces (Free flow of information in project team, Connectedness with user
department, Unfocused information-seeking) and Centripetal forces (Existence of
superordinate goal, Temporal pacing, Centralization of decision making) plays a critical
roles in successful implementation of ERP. They also discussed that these forces,
themselves, do not influence ERP project success, but, do so in certain combinations.
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Wang et al. (2008) surveyed 90 Taiwanese manufacturing firms and concluded that
consistency among critical factors facilitates the implementation of ERP. Facilitating
factors investigated in this study are (1) vendor support, (2) consultant competence, (3)
competence of ERP project team member, (4) ERP Project manager leadership, (5) top
management support, and (6) user support.

After Gabus and Fontela (1972, 1973) initiated Decision Making Trial and Evaluation
Laboratory (DEMATEL) technique, lots of studies have been concentrated on structural
model that gathers group knowledge and visualize the causal relationship of criteria by
using graphical diagram since then (Wu and Lee, 2007, Tsai and Chou, 2009, Tzeng et al.,
2007).

Wu and Lee (2007) proposed a method for competency development of global managers by
using DEMATEL in combination with fuzzy logic. Zhou et al. (2011) used fuzzy
DEMATEL method in order to determine influencing critical success factors of emergency
management. They defined 5 critical success factors as influencing factors in emergency
management. Chang et al. (2011) studied fuzzy DEMATEL method in determining key
factors in suppliers election for supply chain management. Their model evaluates supplier
performance to find influencing critical success factors in supplier selection.

3. FUZZY DEMATEL METHOD

Gabus and Fontela (1972, 1973) introduced Decision Making Trial and Evaluation
Laboratory (DEMATEL) method in 1973. DEMATEL serves a structural model that
gathers group knowledge and visualize the causal relationship of criteria by using graphical
diagram. Graphical diagram and matrices being produced in this technique represents
relation between criteria as well as the strength of relationship. Since the nature of human
judgment is vague and unclear, defining preferences by crisp values is usually inadequate in
real world. Therefore fuzzy logic has to be applied in these situations. Fuzzy DEMATEL
technique take uncertainty and vagueness in to consideration while determining the causal
relationship between criteria.

Fuzzy DEMATEL technique consists of 7 basic steps;

Step 1: Obijectives to be achieved and Evaluation criteria with respect to objectives are
determined.

Step 2:Decision makers are asked to indicate their opinions about the relationship between
criteria. Since human judgment on evaluation criteria include uncertainty, five linguistic
terms “Very high influence, High influence, Low influence, Very low influence, No
influence” are determined. Then these linguistic terms are expressed as positive triangular
fuzzy numbers as shown in Table 1. The answers of decision makers in terms of linguistic
terms are converted to triangular fuzzy numbers.

Step 3:Let Z'is the i’the valuators fuzzy decision matrix about the criteria expressed in terms
~I

of fuzzy triangular numbers. Z' is normalized as follows

[x'11  X'ipXtiz o X'p]
X'=| 21 22% 23 2n Equation (1)
L?Ln,l ;Ln,zflns fln,nJ
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U= S S S '

Xt = %: (%%%) Equation (2)
M ' i

r= 1;:11 Ehoau'y)) Equation (3)

Step 4: In this step, average value of nevaluators’ normalized fuzzy decision matrix is
found.

X=EF+%2+-+5Y)/n Equation (4)

Step 5: After finding initial direct relation matrix and normalizing it, Total relation fuzzy
matrix (T) is defined as follows;

T=X.(1-X" Equation (5)

Step 6: In this step D; and R; are calculated. D;is the sum of the row and R; is the sum of
the column of 7. Then D; and R; are defuzzified separately.

Defuzzification formula is as follows;
BNP; = (Lij+((Uij-Li)+(Mij-Lij))/3 Equation (6)

BNP; jrepresents the defuzzified value ofD; and R;. We call defuzzified value ofD; and R; as
D; and R; respectively.

In order to determine causal relationships between Critical success factors,D;+R; and D;i-R;
are calculated. While Di+R; represents degree of central role (how much importance the
criteria has), D;-R; shows the degree of relation. Relation divides the criteria in to cause and
effect group. If D;-R; is positive then criteria belong to cause group. If D;-R;is negative then
criteria belong to the effect group.

Step 7: Causal diagram is constructed. In this diagram the horizontal axis represents Di-R;
while vertical axis represents Di+R;. In this diagram, Criteria above the horizontal axis
mean that they belong to cause group. Criteria below the horizontal axis mean that they
belong to effect group.

4. EMPIRICAL STUDY

In this empirical study, the critical success factors that affect the successful implementation
of ERP were examined. A set of 8 factors (evaluation criteria) were identified as critical
considering our objective of success for ERP implementation, These are (1) Top
management support, (2) Building a project team and effective project management, (3)
Service quality of internal and external technical support and consultancy, (4) Meeting the
corporation requirements with minimum revision, (5) Having exact and full information,
(6) Clear determination of goal and objectives, (7) Management of change in working
methods in corporation, (8) Project team leader who committed himself/herself to ERP
implementation success. Then, a questionnaire was designed for collecting opinions of
experts who took active roles on implementation of ERP projects. Experts were chosen
from different sectors and from different ERP software implementations (domestic and
foreign). Sectors chosen for this study are iron & steel industry, railway carriage production
sector, aluminum joinery sector, integrated meat plants, textile sector. ERP software from
awide variety of vendors and various implementation cross-industries have also been chose.
Under these circumstances, 15 experts were asked to make pair wise relationships between
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each pair of 8 critical success factors. Experts identified their opinions through linguistic
scale determined in Table 1. As an example, the assessment data of one expert is shown in
table 2. C1 through C8 are critical success factors in Table 2.

Assessment data of each expert in linguistic scale were then converted to triangular fuzzy
numbers by using conversion rules. As an example, assessment data of an expert is
redefined as triangular fuzzy numbers in Table 3. C1 through C8 are critical success factors
and L, M, U are the lower, medium and upper limit of triangular fuzzy numbers
respectively.

Totally 15 assessment matrices were obtained from experts. Each matrix (also called as
initial direct relation matrix) was then normalized by using Eq. (2) and Eq. (3). Then, the
normalized direct relation matrix was obtained with averaging of 15 normalized direct
relation matrices by using Eq. (4). Normalized direct relation matrix is shown in Table 4.

Next, Total relation matrix (Table 5) was obtained by using Eq. (5).

Next, D; and R;were calculated. D;is the sum of the row and R; is the sum of the column of
T. Then D; and R;were defuzzified separately by using Eq. (6). Then, D;i+R; and D;-Riwere
calculated. The values of D;, R;, D;, R; Di+Rjand Di-R;are shown in Table 6.

After that, the causal diagram (Figure) was constructed by mapping a dataset of(D+R,D-R).

The causal diagram easily suggests that only 2 critical success factors out of 8 are the
effected ones. ThesefactorsareC1 (Top management support) and C8 (Project team leader
who committed himself/herself to ERP implementation success). The rest of the factors are
positioned as effecting ones.

5. DISCUSSIONS

In this empirical study, a case of successfully implementing ERP software to the
corporations is examined through 8 critical success factors. Results suggest that several
implications about implementation of ERP can be derived as follows;

Causal diagram provides valuable information on effective critical success factors in
implementation of ERP. If higher efficiency in effect group of critical success factors is
required, the attention must be paid to cause group of critical success factors. Among 8
critical success factors, Top management support (C1) and project team leader who commit
himself/herself to ERP implementation success (C8) are found to be the most important
factors that influenced other 6 factors in effect group.

The relationships indicated on cause and effect diagram clearly shows that top management
support and commitment to implementation of ERP leads to effective project management,
having exact and full information and clear determination of goal and objectives. Whereas
effective project team leader brings corporation the acquisition of higher service quality of
internal and external technical consultancy, effective management of changing working
conditions due to ERP implementation, effective project management and meeting
company requirements with minimum revision.

6. CONCLUSIONS

Successful Enterprise Resource Planning (ERP) implementation is very important issue in
today’s global market and depends on paying high attention on critical success factors
(CSFs) affecting ERP implementation. In our study, we analyzed 8 CSFs by using fuzzy
DEMATEL methodology which works as a highly effective structural decision making
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system for modeling cause and effect relationships. Among 8 CSFs, top management
support and project team leader who commit himself/herself to ERP implementation
success are found to be the most important factors that influenced of other factors. This
study is the first reference in the literature which uses a fuzzy DEMATEL technique in
determination of effective CSFs in implementation of successful ERP. As an extension of
our work, It is possible to construct other structural frameworks with expanded critical
success factors to see the cause and effect relationships and compare them with results of
this study.

7. TABLES AND FIGURES
Table 1: Fuzzy Linguistic Scale

Linguistic term Triangular fuzzy number
No Influence (0,0,0.25)
Very Low Influence (0, 0.25, 0.50)
Low Influence (0.25, 0.50, 0.75)
High Influence (0.5,0.75, 1.0)
Very High Influence (0.75,1.0, 1.0)

Table 2: Assessment data of an expert in linguistic scale

C1 C2 C3 C4 C5 C6 C7 C8
Cl - L VH No VL VH VH VH
Cc2 L - VH No VH VH H L
C3 VH H - VH VH VH VH L
C4 L L VH - VH L L L
C5 VL No VH VL - L No VL
Co6 VH VH VH No VH - H VH
C7 VH VL VH VH VL L - H
C8 VH VH VH L VH VH VH

Table 3: Assessment data of an expert in triangular fuzzy numbers

4 o 4 i (f 4 I i

LR L LR LR bR LR LRyl
0 0 ) 0| 0|08 05 OB 0B 0] 0 [0 [ UB|0 0B | 0508 |1 (0B 1 f{08) 1]
(20 | 08 [0 ) 0| 0 ) 0 [0 |0 [0 |0 US| 0| 0S| |0 0Bt 08 08| 0F
L0 ) | 1) 08 0 {00 OO0t 0 08|
(405 | 08 | 05| 08 06 |0 [0 ) 1| 0 [0 [0 [ 0 0| 1|t 05|09 05| 0A ) 05 |0 |0%) 05 |0
(5 0 05 ) 0 0 (Um0 [0 08000000 08| (0K 08
(B 05| [ 4|08 0] {000 AU 00 OE O]
(0B [0 ] 008 08 [0 U] 00|08 0S| 0|00 0|05 0]
0B {0 O]
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Table 4: The Normalized direct-relation matrix
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Table 5: Total Relation Matrix
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Table 6: Values of D;, Rj, D;, R;Di+R;and D;-R;

D-R
0.3303
-0.0610
-0.1374
-0.0259
-0.2336
-0.0971
-0.0713
0.2960

D+R

1.7362 | 3.8028
1.8779 | 3.6947

1.7132 | 3.4004
1.7712 | 3.3087

1.9036 | 3.7359
1.9626 | 4.2211

1.8169

1.6872
1.5376

1.9469 | 2.0440 | 3.9908

1.8323

1.4415 | 4.2456 | 2.0666

1.6195 | 4.6279

1.4517 | 4.2565
1.5652 | 4.3537
1.8055 | 4.9999

1.6346 | 4.7147

1.6518 | 4.8135 | 2.2586

0.9181 | 2.1462 | 5.4725 | 2.0961 | 2.2335 | 4.3297

0.6054

1.9281 | 5.0765 | 0.4784
1.6028 | 4.4722 | 0.6138

1.8892 | 5.1511

1.3085 | 4.1720 | 0.5687

1.1583 | 3.7951

1.7397 | 4.7935 | 0.6735
1.5122 | 4.5099 | 0.6384

0.8047
0.6244
0.7519

0.3407
0.6926
0.5252

0.9154 | 2.1771 | 5.5140 | 0.5775

Cl

C2

C3

C4 | 0.4188

C5

C6

C7

C8
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Figure: Thecausaldiagram
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