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Abstract Enterprise Resource Planning (ERP) projects are
risk prone due to software complexity, budget overruns,
long duration, poor project delivery and a broad range of
organization transformation processes. Companies are
hiring experienced external consultants to achieve suc-
cessful implementation of ERP system. Proper selection of
ERP consultant is challenging task for any top management
of organization because consultant fees accounts a major
portion of project cost and this problem may be considered
as Multi criteria decision-making problem. This article
presents the hybrid approach of Fuzzy Analytical hierarchy
process (F-AHP) and COPRAS-G in selection process of
ERP consultants. F-AHP is used to obtain the weight of
selection criteria and COPRAS-G is used to get the final
ranking of consultants based on utility degree. The pro-
posed model is illustrated with a numerical example whose
data has been collected from survey in Indian industries.
Finally, sensitivity analysis was performed to determine the
robustness of the approached. The result of F- AHP high-
lights that reputation, ERP project experience and partner
of ERP vendor and cost is an important selection criterion
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for selecting consultant and rank reversal problem has been
greatly reduced by COPRAS-G. This proposed hybrid
technique is quite flexible and provides efficient decision
making in the selection of an ERP consultant.
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project - Fuzzy AHP - MCDM

1 Introduction

Companies are investing huge amount in information
technology systems so as to meet the challenges of busi-
ness organizations and smooth flow of information in the
industries. ERP is an advanced information technology tool
which supports business functions and information flow of
an organization in a single software system. Shadi et al.
(2019) has defined ERP is an Information Technology (IT)
business solution which enables Organizations and their
Stakeholders for management of project effectively &
efficiently throughout the lifecycle of project. Thus, ERP
system is amalgamation of business, technology and
human resource.

Implementation of ERP system has been considered
among the most challenging investment projects due to the
high costs involved, complexity and higher duration (Yusuf
et al. 2004). Continuous high failure rates of ERP projects
are major concern in recent years. Aloini et al. (2007)
highlighted the issue of ineffective consulting services in
ERP project; hence, proper strategies/methodologies
towards selection of consultant may be required. Consul-
tant’s industry experience, project management capabilities
and experience in previous project in similar type industry
and communication ability has been seen as desirable
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attributes in the selection of ERP consultant (Hung et al.
2012). Ram et al. (2013) have summarized recent ERP
problems in organizations and failures as evidence for
further reduce the failure levels. In order to avoid such
failures, experienced external consultant is often required.
Consultants are those who can apply their specific industry
knowledge & experience to solve the business-related issue
and impart training among stakeholders within the orga-
nization to reduce the burden of implementation (Plaza
2016).

The main aim of this work is to propose a MCDM
Approach for solving the problem of consultant selection in
ERP projects. In presented work, various criteria have been
considered for Decision- Making (DM) process in selection
of suitable ERP consultant; hence a hybrid MCDM
approach based on F-AHP & COPRAS-G has been applied.
The weight of criteria is considered by applying F-AHP &
COPRAS-G is used to final ranking of consultant. The
proposed methodology has been illustrated with a case
example.

The article has been discussed in following sections.
Section 2 shows the literature review, Sect. 3 shows the
methodology used, Sect. 4 discusses the problem formu-
lation, Sect. 5 shows the proposed solution approach, Sect.
6 deals with the studied case “ERP consultant selection
problem”, Sect. 7 shows SA and the last section deals with
discussion & conclusion.

2 Literature review
2.1 ERP consultants

ERP implementation expertise is important when it comes
to setting realistic goals and reviewing lessons learned
from top success and bottom successes implementation in
the industry. For this, 78% organizations are hiring services
of consultancy (Panorama 2020). Hiring a suitable consul-
tant to implement ERP system is a customary approach to
procure expertise that is not available in client organiza-
tion. A major recurring factor found in ERP implementa-
tion is consultant support (Sherry and Corbett 2007;
Grabski and Stewart 2007). ERP consultant provides var-
ious services such as providing technical upgrades and
business expertise, enhancing learning capabilities of cli-
ent, helping in preparing technical specification of ERP
software requirement, offering technical knowledge on the
software, on the job training of users, streamlining proce-
dures and protocols of the organization with system mod-
ules, providing assistance in customization and
configuration of the system and suggesting appropriate
solutions to adoptive customers (Nah et al. 2001; Wang
et al. 2008). Alhakbani and Mohammed (2012) have
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analysed through their case study various consultant
responsibilities, roles and scope of work involved for hiring
ERP consultants in Saudi Arabia. Involvements of con-
sultant have been carefully controlled to avoid serious
budget overruns as consulting fees is major portion of
project cost (Plaza and Rohlf 2008). Full commitment and
project-oriented skill is more important than technical skill
in External consultant, so selection of consultant is well
versed in terms of business, process and technical know-
how (Barth and Koch 2019). Chang et al. (2013) have
explored the control mechanisms that are utilized in ERP
projects for ensuring that the ERP consultant is working to
fulfil the client’s business needs. Thus, ERP consultant is a
bridge between vendor and client organization.

2.2 Selection of ERP consultants

Choosing of ERP implementation partners is very impor-
tant because these partners support in adoption, deploy-
ment and stabilization of the systems. Identification and
elaboration of suitable selection criteria for consultant is
important activities and need to be accessed in proper
manner. Kumar et al. (2003) have proposed eight selection
criteria for ERP consultant by respondents. Cheung et al.
(2002) have utilized AHP technique in problems of archi-
tectural consultant selection based on different selection
criteria such as: company profile, consultancy fee, project
strategy, performance history and willingness to complete
the task in hand. Golam and Sultana (2014) explored fuzzy
AHP with PROMETHEE in consultant selection for total
quality management. This MCDM hybrid approach is
applied on the furniture manufacturing industry of Ban-
gladesh and outcome indicates that the administrative/
technical skills is the most important criterion and work
experience is an important sub criterion. Tsai et al. (2007)
have applied an AHP technique to select the suitable con-
sultant based on three attributes namely ERP approaches.
Ozalp et al. (2012) have proposed the ERP Consultant
selection problem by AHP, ANP and F-AHP methodology.
The findings suggest that AHP and Fuzzy AHP results led
to same conclusion whereas ANP gives more correct
weights of criteria due to considering the interactions.
Simon et al. (2010) have developed Consulting service
Maturity model (CSM) that includes prioritise best prac-
tices grouped under various factors such as consulting
skills, customer focus, consulting skills, leadership,
adaptability, profitability, project management practices
and values. The outcome of the model may help organi-
zations to improve the performance. Martinovic and
Delibasic (2014) have integrated AHP-IBA model for the
most suitable SAP consultant based on four attributes
namely the level of education, cost, work experience and
communication ability. The outcome of this project
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suggests that logical interaction between criteria may
provide better results.

3 Methodology used in research
3.1 AHP & F-AHP approach

The AHP is known as an efficient and flexible decision-
making process used to model a complex problem in a
hierarchical structure (Satty 1980). It uses a 9-point scale to
compare the criteria pair-wise with the help of expert
decision makers to evaluate the relative importance of each
criterion. The AHP reduces a multidimensional problem
into a one dimensional. Various applications of AHP have
been published in the literature pertaining to ERP (Huang
et al. 2004; Salmeron and Cristina 2010; Sudhaman and
Sharma 2014). The ambiguity associated with mapping the
human judgment to a number is not handled by AHP.
(Cheng et al. 1999). To overcome this, many scholars have
applied F-AHP to overcome its uncertainty. Chang (1996)
used a triangular membership function in Fuzzy AHP
approach for Pair Wise Comparison (PWC) of the criteria.
Chan et al. (2000) has discussed that an expert provide
assessments on the bases of their previous knowledge,
work experience. Jain et al. (2018) have presented an
approach for supplier selection through Attractive criteria.
In this work approach they used a Fuzzy Kano model and
MCDM approach for solving the same problem. The
computational procedure of F-AHP has been adopted from
the Singh et al. (2012) and steps are as follows:

Step 1: Construction of hierarchy structure

Step 2: Comparing score of performance

Step 3: Developing the fuzzy comparison matrix

Step 4: Estimating degree of optimism

Step 5: Solving the fuzzy Eigen value

Step 6: Determination of weights for criteria and
checking the consistency

3.2 COPRAS-G methodology

COPRAS is one of the important methods MCDM which
was developed by Zavadskas and Kaklauskas (1996). It can
find out best alternative from a bunch of feasible
alternatives.

In COPRAS, criterion weighs and ranking of alternative
used the crisp numerical data. To convert the crisp value to
the grey numbers, Grey System Theory (GST) is applied
because in most of the cases, crisp data could not be
suitable to handle the real-world situations. Deng (1989)
has developed the GST as an effective method which has
been used to solve problems with incomplete information

and discrete data. A white system is the system whose
system information is known properly, while a black sys-
tem is the system whose information is not available
properly. A grey system is the system that has partial
known unknown information. A reference reading on grey
theory and their operation has been described by (Li et al.
2008).

Zavadskas et al. (2008a) have proposed COPRAS-G, in
which the attributes are reflected in periodic values, most
suited for real-world DM and in the implementation of the
grey theory. In past, this technique has been used by var-
ious researchers in various fields. Zavadskas et al. (2008b)
have proposed COPRAS-G for selection of construction
project managers. Zavadskas et al. (2010) have used
COPRAS-G and TOPSIS grey for risk assessment problem
in construction projects and compare the ranking of pro-
jects. Bindu Madhuri et al. (2010) have applied this method
on website selection. Maity et al. (2012) have applied
COPRAS-G to rank alternatives on the basis of their
importance and usefulness. Nguyen et al. (2014) have used
the hybrid methodology of Fuzzy ANP and COPRAS-G for
selection of suitable machine tool. Thus, COPRAS-G is
suitable for problem with uncertainty, subjective and
imprecise data.

The steps of COPRAS-G are given as following
(Nguyen et al. 2014; Zavadskas et al. 2010):

Step 1: Find out the important criteria to define
alternatives.
Step 2: Construct the DM.

i, b11]  [xi2, bio] Xins D1m]
[21,001] 22, b22] -+ [ron, Do)

X = . . o (1)
[xn] ) bnl] [)an, an] [xnma bnm]

where i = 1, 2,..,n; j = 1, 2,..,, m, and the interval value
x;; and b;; denotes the smallest and highest value. Here n
denotes the criteria and m denotes alternatives.

Step 3: Determination of weights of criteria’s g;.

Step 4: Normalization of DM data.

2x,-j
Xjj = m (2)
T+ X byl
— 2b;;
bj = : (3)

[ + 220 b

After normalizing the data, matrix is as:
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Table 1 Evaluation criteria for selection

Notion Criteria References

Cl1 Reputation Kumar et al. (2003)

Cc2 ERP project experience Kumar et al. (2003) and Tsai et al. (2007)
C3 Process Engineering experience Kumar et al. (2003)

C4 ERP implementation experience in similar industry Tsai et al. (2007)

Cs Project methodology / approach Kumar et al. (2003) and Tsai et al. (2007)
C6 Cost Kumar et al. (2003) and Tsai et al. (2007)
C7 Partner of ERP vendor Kumar et al. (2003)

Fig. 1 Proposed hybrid
methodology for consultant
selection in ERP project
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[7611@11} [Yn@n} [fln,?m]
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Step 5: Determination of weighted normalized DM X.
(5)
(6)

wherei=1,2,..,n;j=1,2,. m,and g; is the weight of
™ attribute.
The matrix is as follows:

xij:)?,-jxqj

by = by % ¢

[)5117[7:11} [flz,b:n} (%10, b1
P [%21,601]  [%22,522)] (%2, b2
[)eml ) bAml] [)Em27 bAmZ] e [)Emna l;mn]

(7)

Step 6: Evaluate the sums P; of attribute values.
k ~

Z)E,‘j + b,‘j

=1

Step 7: Calculate the sums R; of attribute values.

P =

(3)

S

Ri =

1 m—k
3 ©)

Z )f,'j + b,j
J=k+1

where (m-k) is a attribute’s number those are to be to be

minimized.

Step 8: Evaluate the minimum value of R;:

Ryin = minR;(i =1,2....,m) (10)

Step 9: Determine the importance of each alternative Q;
as given below:

r R
R; 2?1:1 R%.
Step 10: Determination of the alternative’s maximum
weight.

Omax = max Q;(i = 1,2....,m)

Q;=P;+ (11)

(12)

Step 11: Each alternative’s utility degree is obtained:

0Oi
13
Qmax ( )

It provides the optimal ranking of alternatives.

Ui =

4 Problem formulation

The selection as well as implementation of ERP system is
still a significant challenge for most of the organizations,
though vendors and customers have acquired more expe-
rience and expertise in establishing the system. Based on
literature review, it is utmost important to hire a consultant
for achieving the project objective set by organization but
no suitable methodology is available in literature for
selection of consultant in ERP project. Selecting the most
efficient consultant from a pool of consultants is tedious
and time-consuming task because various technical and
managerial attributes (mentioned in Table 1) has been
involved during selection and this problem must be
regarded a MCDM problem. Suitable decision-making
methodology may select the best consultant who can
enhance the quality of system and achieve the targeted
goals of organizations.

Fig. 2 Hierarchy structure for
evaluation of consultant
selection

Consultant Selection in ERP
Project

C2

C3

Al A2

A3
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Table 2 Definition and MF of Fuzzy Numbers

Intensity of importance Fuzzy number Definition Membership function
1 1 Equally important/preferred 1, 1, 3)

3 3 Moderately more important/preferred (1, 3,5)

5 3 Strongly more important/preferred 3,57

7 7 Very strongly more important/preferred 5,7,9)

9 9 Extremely more important/preferred (7,9, 11)

Table 3 Fuzzy PWC matrix for criteria (CR = 0.09646, imax =
7.7814)

Criteria Cl1 C2 C3 C4 (6] Co6 C7

Cl 1 3 9 9 7 5 3
c2 3701 7 3 5 3 3
c3 §-1 5-1 1 3-1 3-1 3-1 3-1
C4 9-1 3-1 3 1 3 31 3-1
cs AT S S S R B SR
co I ST S S S B &
C7 37t 3t 5 3 5 3 1
Table 4 Results OF F-AHP

Criteria Weights (w) Amax, CI,RI CR

Cl1 0.3978 Amax = 7.7814 0.09646
Cc2 0.2189

C3 0.0272

Cc4 0.0619 CI = 0.130233

C5 0.0386

C6 0.1008

C7 0.1547 RI=1.35

Table 5 Linguistic variables, fuzzy numbers and grey numbers

Linguistic variable TFNs Gray numbers
Very low (VL) (1, 1, 3) (1, 2]
Low (L) 1,3,5) [2, 4]
Medium (M) (3,5,7) [4, 6]
High (H) 5,7,9) [6, 8]
Very high (VH) (7,9,9) [8, 9]
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5 Proposed research methodology

Consultant selection is most important activity in ERP
Project. Hence, proper methodology for selection of con-
sultant is essential. In presented article, a hybrid approach
based on F-AHP and COPRAS-G is proposed. F-AHP
evaluates the weights of criteria and COPRAS-G is applied
to get the final ranking of consultants. The hybrid approach
has been selected in this work because of its adequacy to
methodology offer solutions in a complex MCDM envi-
ronment. The proposed methodology has been shown in
Fig. 1. The following steps of this methodology are as
follows:

Step 1: Formation of a team of expert and selection of
criteria

In this step, choose the decision makers who have
knowledge and experience in ERP project and involved in
consultant selection. Decision makers define the consultant
requirement for their project and determine the consultant
alternatives available in the market. They also find criteria
in Table 1 for consultant selection on the basis of the
consultation with the industry experts and literature review.

Step 2: Determine the weight of criteria described by
Fuzzy AHP

In this step, a questionnaire has been designed for
industrial experts for PWC matrices of criteria. These
matrices are utilized by the F-AHP which is used to eval-
uate the weights of the criteria. Section 3.1 details the steps
for deciding the criteria weights.

Step 3: Determine the ranking of consultants by
COPRAS-G

In this step, best alternative is obtained by using the
importance of alternatives that is evaluated by COPRAS-G.
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Table 6 DM for alternatives

with grey numbers Cl C2 C3 C4 C5 C6 Cc7
Al [8, 9] [6, 8] [6, 8] [4, 6] [8, 9] [2, 4] [6, 8]
A2 [8, 9] [6, 8] [6, 8] [6, 8] [8, 9] [6, 8] [8, 9]
A3 [6, 8] [6, 8] [4, 6] [8, 9] [6, 8] [4, 6] [6, 8]
A4 [6, 8] [4, 6] [6, 8] [4, 6] [6, 8] [6, 8] [6, 8]
Weight 0.3978 0.2189 0.0272 0.0619 0.0386 0.1008 0.1547
Table 7 The Weighted normalized DM for the consultant alternatives
Cl C2 C3 C4 C5 Cé6 Cc7
Al [0.102658, [0.050515, [0.006277, [0.00971, [0.009961, [0.009164, [0.031464,
0.11549] 0.067354] 0.008369] 0.014565] 0.011206] 0.018327] 0.041953]
A2 [0.102658, [0.050515, [0.006277, [0.014565, [0.009961, [0.0274916, [0.041953,
0.11549] 0.067354] 0.008369] 0.01942] 0.011206] 0.036655] 0.047197]
A3 [0.076994 [0.050515, [0.004185, [0.01942, [0.007471, [0.018327, [0.031464,
0.102658] 0.067354] 0.006277] 0.021847] 0.009961] 0.027491] 0.041953]
A4 [0.076994 [0.033677, [0.006277, [0.00971, [0.007471, [0.027491, [0.031464,
0.102658] 0.050515] 0.008369] 0.014565] 0.009961] 0.036655] 0.041953]
Table 9 Results of sensitivity analysis
Table 8 Output of COPRAS-G for the alternatives S.No Experiment Al A2 A3 Ad
Alternatives  P; R; 0, U; Rank no
Al 0.234761 0.013745 0275785 1 1 1 QQI2 0.274897 0.264176 0.252432 0.208395
A2 0247482 0.032073 0.265064 0.961126 2 2 QI3 0.273946  0.263225 0.232248  0.230481
A3 0220049  0.022909 0.244663 0.887152 3 3 QQl4 0.249546  0.26517  0.280781  0.204403
A4 0.196807 0.032073  0.214388 0.777375 4 4 QQI5 0.275785 0.265064 0.244663 0214388
5 QQl16 0.315221 0.235431 0.250122 0.199126
6 QQ17 0.266813 0.268453 0.247454 0.217179
. 7 QQ23 0.275785 0.265064 0.229917 0.229134
The procedure for CQPRAS-G has been.used ranking the g Q024 02643 0265893 0254727 0.21498
consultants are described on Sect. 3.2. Finally, to confirm 9 025 027668  0.265959 0236834 0220428
the robustness of proposed approach, SA has been per- 10 0026 0292053 0253867 0241705 0212276
formed for COPRAS-G. 1 QQ27 0273734 0266278 0242612 0217276
12 QQ34 0.278323 0.264881 0.239769 0.216927
6 Case study on ERP consultant selection problem 13 QQ35 0275728 0265007 0244281 0214883
14 QQ36 0.265647 0.272042 0.240845 0.221366
Step 1: Formation of a team of expert and selection of 15 QQ37 0.279857 0262654 0.238928  0.218461
criteria 16 QQ45 0.271216 0.258668 0.236896 0.20982
17 QQ46 0.267581 0.268957 0.248131 0.215231
To demonstrate the application of this model in ERP 18 QQ47 027196 0263799 0.253576 0.210564
consultant selection problem, five decision makers from 4 19 QQ56 0267526 027127 0.24352  0.217585
different Indian organizations were asked a set of questions 20 QQ57 0.280069 0.263445 0.24333  0.213055
pertaining to selection of ERP consultant. These decision 21 QQ67 0.284931 0.258935 0.245035 0211

makers were involved in choosing ERP consultants. Each
decision makers were asked to identify the seven selection
criteria from predefined list mentioned in Table 1.

@ Springer
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Respondent validated and agreed with all criteria reported
in the list. The reputed consultants who were involved in
ERP project of various organizations in India were selected
as Decision makers. The names of consults are with-hold
for the reason of privacy.

Step 2: Determine the weight of criteria

Weight of criteria has been evaluated by Fuzzy AHP
method. A decision hierarchy is constructed and presented
in Fig. 2 with 3 levels. The top level shows the goal of
problem. Second level presents selection criteria and bot-
tom level shows the alternatives.

After determining the decision hierarchy, experts were
asked for providing their preference (T:§T§T7 and 9)
through PWC of the criteria to relative importance of each
selection criterion using Triangular Fuzzy Numbers (TFN)
is presented in Table 2. After finalizing the evaluation of
relative importance of selection criteria of ERP consultant,
fuzzy comparison matrix for criteria is presented in
Table 3.

The weight of each criterion evaluated by fuzzy AHP is
mentioned in Sect. 3.1. The results are presented in
Table 4. The consistency ratio is less than 0.1, that’s why
weights are consistent.

Step 3: Determine the final rank of ERP consultant

In this step, COPRAS-G approach is used for final
ranking of ERP consultant. Decision makers form the DM
mentioned in Table 6 by comparing each alternative with
the criteria with grey number scale as presented in Table 5
(Nguyen et al. 2014) (Tables 5, 6).

The data of DM has been normalized by Eqgs. 2 and 3.
The weighted normalized DM is determined by Eqgs. 5 and
6. Finally, alternative weight has been determined by
Eqgs. 8-13 and presented in Tables 7 and 8. It has been
shown in Table 8 that higher the weight Q; for alternative,
higher the rank of alternative. Hence, Al consultant has
highest rank, followed by A2, A3 and A4.

7 Sensitivity analysis

Investigating the impacts of the uncertainties to the model
is the main aim of SA. To ascertain the robustness of the
process and reduce the problem of rank reversal, this
analysis has been performed for COPRAS-G. For the
determination of the effect of the weights of criteria on
decision making, this method has been used to create
various scenarios by exchanging different criteria weights
that may change the rank of alternatives (Senthil et al.
2014). To study the impact of weights on the selection of
ERP consultants, 21 scenarios have been developed by
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switching the weights of 2 criteria from 7 criteria. In SA,
different names are given in experiments such as QQI2
indicates that the weights of the attributes one and two are
exchanged. QQ13 means the weight of attributes 1 and 3
are exchanged. Results of SA have been presented in
Table 9. Table 9 and Fig. 3 shows that Al consultant has
scored highest 15 times first rank, A2 consultant scores 5
times first rank, A3 consultant scores 1 times first rank in
21 experiments. It shows robustness and low sensitivity of
the presented approach to the criteria weights.

8 Discussion and conclusions

Appropriate consultant selection may help the organization
to choose the right ERP software vendors and to implement
ERP with the best approach. They also act as “change
agents” right from the beginning of the project. Consultant
selection is the combination of management and technical
attributes. Here appropriate hybrid methodology of Fuzzy
AHP and COPRAS-G has been proven useful to provide
effective decision during selection of consultants in ERP
project. In this methodology, first the criteria for selection
of consultants are evaluated through literature review and
discussion with industrial experts. Weight of criteria has
been evaluated from Fuzzy AHP by pair wise comparison
matrices of expert judgements by considering vagueness of
expert opinion. Finally, COPRAS-G has been used for
ranking of alternatives by allowing the uncertain informa-
tion about the criteria. This method is very simple, accurate
and flexible. It reduces the number of questions by pair
wise comparison matrix as used in fuzzy AHP. Thus,
implementation of proposed methodology could be used
for solving large scale problems without any constraint.
The result shows that top four important criteria for con-
sultant selection in ERP project are reputation, ERP project
experience, partner of ERP vendor and cost. The findings
are consistent as compared to previous findings (Kumar
et al. 2003; Tsai et al. 2007). Reputation is the most
important attribute for a consultant selection. Previous ERP
project experience of consultant adds advantage to an
organization for proper implementation of ERP system. In
present scenario, Most ERP system is sector specific, so
consultant implementation experience in similar industry /
specific industry proves to be good for an organization.
Consultants often have good partnership with ERP soft-
ware vendor, for proper implementation of system and
reducing the customization issue. Cost factor is an impor-
tant criterion as consulting fee accounts a major portion of
ERP project cost. The results from SA show that hybrid
model of F-AHP and COPRAS-G for selection of consul-
tants in ERP project is very robust and manageable. ERP
adapting organizations may utilize this hybrid approach for
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Fig. 3 Sensitivity analysis in
radar chart

selection of consultants. For future study, other MCDM
approaches have been applied to solve the similar problem
and develop the expert system for selection of consultants
in ERP project.

The main limitation of the study is implementation of
proposed approach on the consultant selection in ERP
project of Indian fertilizer industries only. In Future work,
this study could also be implemented on many different
types of studies. Some other MCDM approaches could also
be applied to solve the same and similar types of problem
and to develop the expert system for selection of consul-
tants in ERP project.
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