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Abstract: Enterprise Resource Planning (ERP) plays a vital role in an organization’s growth and
sustainability in the supply chain. ERP implementations have a mix of critical success factors
(CSFs) that are very important. Hence, it is essential to study the CSFs, their mutual influence and
their severity in terms of prioritization for the 14.0. The goal of the current study is to identify
CSFs for ERP implementations, as well as their interdependence and ranking. The CSFs of ERP
deployment were discovered by a thorough analysis of the literature and subsequent input from
a group of subject matter experts. Using the interpretive structural modeling (ISM) method, the
shortlisted CSFs were modeled, and after that, the matrice d” impacts croises multiplication appliqué
an classement (MICMAC) analysis was used to classify them. The interpretative ranking technique
was used to carry out the subsequent prioritization and ranking (IRP). In the present research, the
modeling of CSFs for successful ERP implementations was carried out to accomplish much-needed
sustainability in the supply chain. The result revealed the three top-ranked CSFs for successful
ERP implementations: “Top management support”, “Change management” and “Business process
reengineering.” This research can help practicing managers prepare an ERP implementation plan to
accomplish sustainability in SCM. Each CSF’s role can be studied in terms of the mutual relationships
for its control. This research can also help in prioritizing strategies for optimizing the resources
required for ERP implementations.

Keywords: critical success factors (CSFs); Delphi technique; ERP implementation; interpretative
ranking process (IRP); interpretive structure modeling (ISM); MICMAC; sustainable supply chain

1. Introduction

Supply Chain 4.0, commonly referred to as “digital supply chain (DSC)”, was intro-
duced along with Industry 4.0 (I4.0) for manufacturing. A digital transformation of supply
chain management (SCM) is vital to I4.0. Enhanced ERP influences firm performance
through green SCM, supplier integration and internal integration [1]. The effect of ERP
was investigated and found to be positively associated with firm performance through
information quality and supply chain integration [1]. An Indonesian study investigated
the ERP benefits of practicing green SCM and found encouraging results in enhanced
operational performance [2]. A study based on feedback from ERP experts of Taiwanese IT
firms showed that ERP benefits SCM, which leads to SCM’s competitive advantages [3].
A Turkish study investigated the impact of ERP and SCM practices to reveal a positive
influence on business performance [4].

A packaged or customized software-based system known as an enterprise resource
planning (ERP) system is used by an organization to manage the optimal use of resources
(“M = men, machines, materials, methods, money, management and matrix) through
the use of a total integrated information-processing system. For businesses in 14.0 to
compete in a volatile and intensely competitive business climate, ERP systems have become
essential [5]. Today, it has become the foundation of effective information management
and the backbone of businesses. It also plays a vital role in an organization’s growth
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and sustainability [6]. In many cases, it is difficult for organizations to integrate various
organizational functions in order for a correct decision to be taken. In such a situation,
ERP can manage company-wide information systems that can facilitate sound decision
making for organizational sustainability [7]. Eleven economic performance indicators,
nine social performance indicators and twelve environmental performance indicators were
identified by reviewing the literature on sustainability indicators for ERP adoption [8]. An
ERP system’s selection and deployment are not only expensive but also difficult and time
consuming, frequently going over budget while being installed [9]. The ERP selection and
implementation process involves the careful study of business processes, ERP software
availability and ERP software configurations to deliver the best employee training and
customization. The basic difference between present and future ERP evolution is that
sustainability is infused into it. Sustainable ERP (S-ERP) is a necessity today, as many
organizations struggle to maintain much-needed sustainability to survive and compete
in local and global markets. Due to automatically receiving data from the source, cloud
computing and big data technologies greatly enhance ERP software capabilities [10]. The
latest developments in the ERP domain are cloud S-ERP systems. Figure 1 shows the
present and future ERP evolution.

Sustainable

Supply Chain

eCloud S-ERP Management
*Big Data S-ERP

Figure 1. Present and future ERP evolution for 14.0.

Amending ERP should take care of imbibing new technologies, such as the Internet of
Things (IoT), big data analytics (BDA), Artificial intelligence (Al), radio frequency identifi-
cation (RFID)-based data and cloud computing (CC) [11]. ERP systems may be employed
to accomplish many organizational activities. Various ERP applications may be found in or-
ganizational management, such as in business intelligence, commercial activities, etc. ERP
can help streamline and automate a variety of business-related procedures. It can also share
data and the best practices with the rest of the company to enable efficient decision making
through real-time information access [12]. The ERP system was shown to considerably
increase productivity, efficiency and service quality, as well as to reduce service costs and
promote improved decision making [13]. ERP consists of various modules that can be used
as a whole or that can be customized to suit particular organizational activities as well. The
ERP system needs to be integrated properly into the user’s department or with suppliers
to avoid silos. ERP systems used for business intelligence may cover order forecasting,
such as in customer service management (CRM) and operational excellence. The ERP
system used for commercial applications in an organization may help with production
planning, sales, financial planning marketing, etc. The ERP system may also be used for the
organizational management of human resource activities, corporate responsibility, vendor
management, governance, etc. ERP can also be used in part in the form of modules. It
may be further customized to serve customized activities such as life cycle assessment,
corporate and product sustainability, and product management.

A case study based on qualitative methods was employed to investigate the CSFs of
ERP implementation in two organizations in developing countries [14]. The scope of the
study was limited to ‘medium-sized” organizations. The review-based study involving
qualitative and interpretive research methods was conducted to examine the criticality
of CSFs [15]. The scope of the study was constrained by the limited empirical studies
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investigating and confirming the role and effect on performance outcomes. A qualitative
comparative study was carried out to compare the CSFs for implementing enterprise por-
tals for ERP implementations. The study was constrained due to the sample size [16]. A
literature review process, along with analysis and synthesis, was carried out to identify the
CSFs based on 37 case studies [17]. The study was limited to case studies only. A study on
ERP upgrades was conducted, employing a literature review and qualitative interviews
with chief executive officers [18]. The study used qualitative data to devise a framework
to find CSFs [19]. A total ISM and MICMAC-based study was conducted to model the
interrelationships of ERP [20]. A similar methodology was employed along with principal
component analysis (PCA) for supply chain sustainability in the wood industry [21]. Con-
sidering the various approaches used in CSF identification and relationship modeling, a
comprehensive method is warranted. Furthermore, ERP implementation projects have re-
ported a high failure rate, jeopardizing organizations’ core activities, so there is a significant
challenge in ERP implementation. Therefore, there is a need for more studies [22].

The following research questions are addressed in the current study: (a) What are the
key CSFs for successful ERP implementations for SCM sustainability? (b) How do the CSFs
influence each other while contributing to ERP success? and (c) What are the rankings of
these CSFs? The research is provided in various sections, as shown below: The literature
review in Section 2 identifies the CSFs of ERP implementation. Additionally, it gives a brief
overview of each CSF for ERP implementations. Section 3 discusses several ISM, MICMAC
and IRP research approaches. Section 4 presents various findings from the application
of research approaches to CSF identification and ERP deployment. A comprehensive
discussion of the current research is provided in Section 5. Section 6 provides the results,
limitations of the present study and recommendations for future research.

2. Literature Review

An ERP system that can capture data for sustainable SCM is needed. ERP systems are
considered the backbone of 14.0 [23]. The ERP system is a well-established communication
system for creating values for sustainable SCM [6]. A study leading to sustainable SCM
through ERP was conducted using a model of sustainable computing [24]. An SEM model
based on an empirical study confirmed the ERP benefits to firm competencies in supply
chain management [3]. ERP adaptability towards imbibing several Wi-Fi-enabled technolo-
gies, such as BDA, Al, RFID, IoT, etc., for sustainability in automotive SCM was studied
using an empirical analysis [4]. The identification of CSF for ERP selection and deployment
has been thoroughly researched by numerous academics. Organizations need a sustainable
ERP that can meet the present and future needs of organizational sustainability [7]. A case
study was undertaken for the selection of ERP to meet the growing high-tech demands for
its growth and sustainability [25]. An analysis of the sustainability metrics necessary for
a sustainable ERP system was conducted [8]. A detailed examination of CSFs is required
in light of the high failure rate of ERP deployment to achieve success [26]. A primary
investigation into successful CSF deployments was conducted [12]. A relationship model
among CSF in ERP implementations using the total ISM and MICMAC approaches was
carried out [20].

The study was carried out to compare the impact of CSFs on ERP implementation in
developing countries with that of developed countries [27]. The study was undertaken to
investigate CSFs across 10 different countries or regions [13]. Numerous studies identifying
and researching CSFs for the deployment of ERP systems can be found in the literature.
Table 1 includes a list of a few such studies.
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Table 1. ERP implementation in CSF-based studies.
Sr. No. Enablers Used in Studies CSFs Methodology References
Management support; Release of business experts with relevant knowledge onto the project on a full-time basis; Empowered
1 decision makers; Deliverable dates; Champion; Vanilla ERP; Smaller scope; Definition of scope and goals; Balanced team; 10 Literature review [28]
Commitment to change
ERP teamwork and composition; Top management support; Business plan and vision; Effective communication; Project
2 management; Project champion; Appropriate business and legacy systems; Change management program and culture; Business 1 Li .
. - L .. . . S iterature review [12]
process reengineering (BPR) and minimum customization; Software development; Testing and troubleshooting; Monitoring and
evaluating performance
Top management support; Project champion; User training and education; Management of expectations; Vendor/customer
partnerships; Use of vendors’” development tools; Careful selection of the appropriate package; Project management; Steering
3 committee; Use of consultants; Minimal customization; Data analysis and conversion; Business process reengineering; Defining 22 Empirical analysis [29]
the architecture; Dedicated resources; Project team competence; Change management; Clear goals and objectives; Education on
new business processes; Interdepartmental communication; Interdepartmental cooperation; Ongoing vendor support
Top management support; Project team competence; Interdepartmental cooperation; Clear goals and objectives; Project
management; Interdepartmental communication; Management of expectations; Project champion; Vendor support; Careful ERP implementation case
4 package selection; Data analysis and conversion; Dedicated resources; Steering committee; User training; Education on new 22 study in the [30]
business processes; BPR; Minimal customization; Architecture choices; Change management; Vendor partnership; Vendor tools; aviation industry
Use of consultants
Nine strategic CSFs: Top management commitment and support; Vision and planning; Building a business case; Project
champion; Implementation strategy and timeframe; Vanilla ERP; Project management; Change management; Managing cultural
change. Seventeen tactical CSFs: Balanced team; Project team: the best and brightest; Communication plan; Empowered Literature review with
5 decision makers; Team morale and motivation; BPR and software configuration; Project cost planning and management; Legacy 26 conceptual analysis [31]
system consideration; IT infrastructure; Client consultation; Selection of ERP; Consultant selection and relationship; Training approach
and job redesign; Troubleshooting/crisis management; Data conversion and integrity; System testing;
Post-implementation evaluation
Appropriate business and IT legacy systems; Business plan/vision/goals/justification; Business process reengineering; Change
management culture and program; Data management; ERP strategy and implementation methodology; ERP teamwork and
6 composition; ERP vendor; Monitoring and evaluating performance; Organizational characteristics; Project champion; Project 18 Literature review [13]
management; Software development, testing and troubleshooting; Top management support; Fit between ERP and the
business/ process; National culture; Country-related functional requirements
ERP implementation case
7 Project champion; Project management; Business plan and vision; Top management support; ERP team and composition; 9 study in manufacturing
. . . . . . . [32]
Effective communication; Appropriate business and legacy systems; Commitment to the change; Vanilla ERP storage furniture for the
healthcare industry
Project teamwork and composition, Organizational culture and change management, Top management support, Business plan Extensive literature review
8 and long-term vision, BPR and customization, Effective communication, Project management, Software development, testing 13 on CSE, Delphi survey (33]
and troubleshooting, Monitoring and evaluation of performance, Project champion, Organizational structure, End-user with a panel of o
involvement, Knowledge management ERP experts




Sustainability 2022, 14, 14779

5of 21

Table 1. Cont.

Sr. No. Enablers Used in Studies

CSFs

Methodology

References

Top management support; Clear goals and objectives; Project team organization and competence; User training and education;
9 Business process reengineering; Change management; Communication; User involvement and participation; Legacy system
management; Consulting services; Project management; Sponsorship; Technological system; Minimal customization

14

An empirical,
confirmatory approach
using structural
equation modeling

(5]

Fourteen organization-related CSFs: Organization culture and political structure; Top management support;
Change management; Cooperation; Change agents and leadership; Cross-functional cooperation; Management readiness for
change; Scope for change; Management of change; Presence of champion; Business plan/vision/goals/justification; Project
justification based on cost and economic scale; Retrain IT workforce in new skills; Employee morale
Six technological /ERP-related CSFs: Customization of ERP; Technological complexity; Compatibility; Legacy systems; Data
analysis and conversion; Data accuracy; Twelve project-related CSFs: Project management; Training and education; System
10 integration; Business process re-engineering; Full-time project manager; Communication; Minimal customization;
Implementation strategy and methodology; Teamwork and team composition; Project team competence; Steering committee;
ERP selection
Fourteen ERP individual-related CSFs: Perceived usefulness; Ease of use; Attitude towards ERP systems; Shared belief in the
benefit of the system; Social factors; Facilitating conditions; Near-term consequences; Long-term consequences; Affect (feeling of
joy or displeasure with a particular act); Users’ absorptive capacity; Usage performance; User satisfaction; Learning capacity;
User involvement

46

Systematic literature
review

(15]

Good project scope management; Management expectations; Formalized project plan/schedule; Project management; Steering
committee; Legacy systems; Cultural change/political issues; Business process reengineering (BPR); Experienced project
manager leadership; Project champion role; Adequate resources; Trust between partners; Interdepartmental communication;
Interdepartmental cooperation; Project team composition/team skills; Empowered decision makers; Management support and
11 commitment; Monitoring and evaluation progress; Appropriate use of consultants; Vendor tools; Managing consultants;
Software customization; Software configuration; Appropriate technology; Reduced troubleshooting: project risk; Training on
software; Education on new business processes; Vendor support; Data analysis and conversion; Formal methodology: ERP
implementation strategy; Carefully defined information and system requirements; Adequate ERP software selection; Clear goals
and objectives

33

Literature review

9]

Data management in organizations; Data Penetration through Manufacturing Execution System (MES); Consistency in data

12 feeding/logging; Supply chain transparency; Supply chain reliability; Different languages

Potential bottlenecks
using literature review

(6]

Top management support; Project team competence; Interdepartmental cooperation; Clear goals and objectives; Project
management; Interdepartmental communication; Management of expectations; Project champion; Vendor support; Careful
13 package selection; Data analysis and conversion; Dedicated resources; Use of steering committee; User training on software;
Education on new business processes; Business process reengineering; Minimal customization; Architecture choices; Change
management; Partnership with a vendor; Vendor tools; Use of consultants

22

Total interpretive
structural modeling and
MICMAC

(34]

Top management support; Project team competence; Interdepartmental cooperation and communication; Clear goals and
14 objectives; Project management; Data analysis and conversion; User training; Customization; Usage of tools; Management of
organizational changes

10

Multi-participant
AHP approach

(20]

Success parameters of ERP implementation: Completion of project with given budget; Project completion in stipulated time
15 frame; Realization of huge business benefits. Success factors of ERP implementation: Organizational factors; Top management
support; BPR with minimum customization; Communication; ERP selection. Failure factors of ERP implementation: Employee
resistance; Lack of commitment from top-level management; Inadequate training; Education

11

Literature review

(35]
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It is evident from the review of the literature that ERP implementation has not been
successfully implemented in many cases to accomplish sustainable SCM. According to [17],
96.4% of ERP implementations have failed. Similarly, an ERP implementation failure rate
of 70% was reported as not achieving its intended purpose [36]. Apart from many studies
identifying the CSF of ERP implementations, there are several studies investigating various
stages of ERP implementation. The ERP implementation process was categorized into six
stages of implementation [37,38].

According to a thorough analysis of the literature on ERP implementation, CSFs are
crucial to the success of ERP systems. It is important to comprehend how CSF organizations
are related to one another; therefore, practicing managers of 14.0 can effectively assess them
and put them into practice in their organizations. Thus, there is a need for the present
research to bridge the gap that exists in the mutual relationship modeling of CSFs and
their ranking.

3. Research Methodology

The three phases of the current research methodology are shown in Figure 2.

r------------------l I -

: L Identification of ERP implementation CSFs : 2. Interprative stmcturs medalng (ISM) } :
I I 1| 8tep 1: Creating self-interaction matric I
] Literature Expert group 1 : (S3IMD) :
: review formation : 1 | 5tep T Creating mitial and fmal reachability |
' ¥ 0 | | i
| || Step3: Creatng level partition and lower 1

i Value-focused bramstorming triangular matrix (LTM) |

— I Step 4: Creatmgz diagraph and converting mto :
! 1. Problem Definition and Scope : 1 | 1M modsl I
1| _selution I — e
1 : = i i -
1 3. Gmma.hng; alternative solutions I : MICMACD hysis ] I
I I | [ Step 3: Calenlating drivi and driv

- . . E Fing power VRN

: 4. Genarate alternativa solutions (Collectively) |1 for MICMAC analysis

[ ———— ------———-H Step 6: Claszifying drming power and driven
I power for MICKAC analy=is
Step 7: Identifymg the four clusters for

1

3. Interpretative ranking process (IRP) 1

1

1.Identify two sets of vaniables, the one which ||

needs rankmg concerning the other 1
2 Preparation of cross-interaction matrix 1 :

(CIM) :

1

1

1

1

|

Dalphi-Based Iodel Validation

1| 1Eound One: ERP mplementation CEFs
1| validation

I1" 2 Round Two: ERP implementation CSFs
: ety rort e e st
L

o

—

3 Cross-mferaction matrix conversion to
interpretive matrix

4 Fankmg of 14 ERF implementation CSFs

Figure 2. Research methodology.

Each phase is further explained as follows:

Phase 1 discusses identifying the CSFs of ERP implementation for sustainable SCM.
The CSFs of ERP deployment can be determined by performing a thorough analysis of the
literature. The most relevant ERP CSFs are chosen from the databases of scientific research
with the aid of an extensive literature analysis with targeted keywords. The collected
literature on CSFs of ERP implementation through such a process may be further filtered
using additional steps of segregation, shortlisting and grouping. The identified CSFs may
be accepted or eliminated based on their significance, level of applicability to the case,
academic or industry relevance, timeline, relevance to technology, general acceptability, etc.
By utilizing an expert group, the essential CSF may be filtered using conventional brain-
storming or value-focused brainstorming methodologies. Value-focused brainstorming
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can be used to generate higher-quality solution alternatives for difficult decision mak-
ing [39,40]. The value-focused brainstorming process has four steps: (i) identifying the
problem; (ii) identifying the goals for a solution to the problem; (iii) finding alternative
solutions (individually); and (iv) identifying alternative solutions (collectively).

Phase 2 explains the modeling techniques of ISM and MICMAC that are used to
evaluate the CSFs of ERP implementation. A structural self-interaction matrix (SSIM) can
be produced using the ISM model, which also displays contextual linkages. It also aids
with creating initial and final reachability and conical matrices. The matrix formation
process ultimately leads to a digraph and an ISM model. The following steps make up the
ISM and MICMAC methodologies: Step 1: Create an SSIM; Step 2: Create an initial and
final reachability matrix; Step 3: Determine the level partition and the lower triangular
matrix; Step 4: Prepare the digraph and convert it to an ISM model; Step 5: Prepare the
MICMAC analysis by calculating driver-driven power; Step 6: Group driving power and
dependability for the MICMAC analysis; and Step 7: Generate four groups for further
inference. The SSIM may be created by considering the contextual relationship between
two CSFs to identify their possible dependence on each other to develop meaningful
dependency or independency. Let ‘p” and ‘g” be considered ERP CSFs. The relationship
between these two ERP CSFs, ‘p” and ‘q’, has the following rules: If CSF ‘p’ drives or
influences CSF ‘g, the relationship is denoted by “V’. If CSF ‘g” drives or influences CSF
‘p’, A’ is used. When CSF ‘p” and CSF ‘g’ influence each other, ‘X’ is used, and if CSF ‘p’
and CSF ‘g’ do not influence each other, ‘O’ is used. The SSIM is produced by applying the
ISM methodological steps to generate contextual relationships among CSFs. The SSIM is
thus prepared based on the contextual relationships among CSFs suggested by the expert
group. The initial reachability matrix (IRM) is further subjected to the use of binary digits
‘1" and ‘0’ using the specified conditions. The various conditions for deciding to replace
V', A’, X" and ‘O’ with ‘1" and ‘0’ are as follows: (i) if the SSIM’s (p, q) entry is ‘V’, the
reachability matrix’s (p, q) entry becomes 1, and the (g, p) entry becomes 0; (ii) if the SSIM’s
(p, q) entry is ‘A,” the reachability matrix’s (p, q) entry becomes 0, and the (g, p) entry
similarly becomes 1; (iii) if the SSIM’s (p, g) entry is "X’, the reachability matrix’s (p, 4) entry
similarly becomes 1, and the (g, p) entry similarly becomes 1; and (iv) if the SSIM’s (p, )
entry is ‘O’, the reachability matrix’s (p, g) entry similarly becomes 0, and the (g, p) entry
similarly becomes 0.

The SSIM is converted into a reachability matrix using binary digits ‘0’ and “1’. The
final reachability matrix also takes care of the prevailing transitivity. Transitivity may be
explained as follows: if CSF ‘p’ > CSF ‘q" and CSF ‘q” > CSF ‘', then CSF ‘p” > CSF ‘t’, wherein
“>" provides a degree of influence. The reachability element and antecedent element for
each CSF are accomplished through the final reachability matrix (FRM). It includes the
CSF itself and another CSF that helps it. The antecedent elements have their elements as
well as another enabler that influences them. The various elements of the iterative process
are derived using the intersection between them. When the intersection satisfies these
requirements, the identified CSF is placed at the top, and the enabler is excluded from
further consideration for identifying the influence. The process is repeated until all CSFs
are classified. Thus, using the FRM, the structural model is developed. Subsequently, a
digraph may be formulated by ignoring the transitivity. A lower triangular matrix (LTM)
may be used to obtain the digraph. The digraph shows a directed graph that provides a
detailed understanding of each CSF.

The MICMAC diagram is prepared using the driving and dependent variables of
each CSF. A systematic classification of CSFs can be obtained using this methodology. It
provides a good method to further investigate the relative significance of each CSF of ERP
implementation. MICMAC analysis categorizes the CSFs of ERP implementation into four
groups: autonomous, dependent, linkage and independent. Furthermore, it provides an
opportunity to carry out cluster analysis.

Phase 3 employs the interpretive ranking process (IRP) to rank the CSFs of ERP
implementation [41]. IRP uses an interpretative matrix along with a paired comparison
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matrix. The chance of judgmental bias in decision making may exist, which poses difficulty
with arriving at a fair decision in the presence of complicated hierarchies. Such judgmental
bias may become involved in decision making while using the analytic hierarchy process
(AHP). The use of IRP can eliminate such judgmental biases present in AHP. Furthermore,
the IRP process also uses interpretive logic that provides dominance among the CSFs for
its correct comparison. Furthermore, IRP does not demand dominant information while
performing such a comparison. Thus, IRP provides a systematic ranking of the CSFs of ERP
implementation based on their influence. The general IRP methodical steps are documented
in the literature [40,42—44]. These steps are (i) determination of two sets of variables, one of
which needs ranking in relation to the other. Here, the CSFs of ERP implementation are
ranked; (ii) the creation of a cross-interaction matrix between ERP implementation CSFs and
performance indicators; (iii) the conversion of the cross-interaction matrix to an interpretive
matrix; (iv) the formation of a pairwise comparison based on the interpretive matrix to
obtain the dominating interactions matrix; and (v) the ranking of ERP implementation
CSFs and the subsequent exploration of dominance and rank.

4. Results
The following results are drawn from each phase:

4.1. Phase 1

Phase 1 helped with the identification of CSFs for ERP implementation. A systematic
review employing the keywords “CSFs of ERP implementation”; “Enablers of ERP imple-
mentation”; “Factors for ERP implementation”; and “Drivers of ERP implementation” was
carried out. The authors searched for and reviewed articles in several databases, including
ScienceDirect, Web of Science and Scopus. Further filtering was performed on the ERP
implementation CSFs that were collected. Fourteen of the most relevant CSFs for ERP
implementation were identified. The CSFs were determined based on their importance,
level of applicability to the case issue and influence over other CSFs of ERP deployment.
An expert group of eleven decision makers, including four ERP consultants belonging to
the information technology (IT) domain and seven academicians from the information
systems group, was invited. In their respective fields, each expert had more than five years
of working experience. All working professionals from the industry and academicians held
a graduate degree in information systems or information technology. A brief group meeting
was convened to outline the goals of the current study. All experts voluntarily decided to
participate following a brief group meeting. Seven academicians and all four consultants
volunteered to take part in the current study with the full freedom and flexibility to leave the
study at short notice. This expert group’s development was consistent with prior research
of a similar nature [45,46]. The relevant literature on the CSFs of ERP implementation was
distributed among the expert group. Additionally, a briefing on the study’s objectives and
prospective research methodologies was provided. Various methods of ‘identifying by
literature review’, ‘evaluation by experts’ or ‘brainstorming’ for identifying the CSFs of
ERP implementation were discussed. It was further agreed upon to shortlist the CSFs of
ERP implementation using the value-focused brainstorming method [47] by deploying an
identified expert group.

Brainstorming techniques play a significant role in shortlisting CSFs from a pool
of CSFs [45]. Thus, in the present study, value-focused brainstorming was deployed to
identify the CSFs of ERP implementation. Two sessions of value-focused brainstorming
were conducted over fifteen days. The first session was the introductory mock round,
conducted following the “Dos’ and ‘Do nots’ for encouraging a creative environment and
avoiding criticism. The seventeen CSFs of ERP implementation were reduced to fourteen
based on their relevance at the end of the second session.

In the current study, the fourteen CSFs of ERP deployment were discussed for their
applicability. The group of experts found that three CSFs of ERP implementation—enough
resources, software development, and cultural change and political issues—were less
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important in this study. Thus, the present study identified fourteen CSFs for ERP im-
plementation from consultation with the expert group. Table 2 shows various CSFs of

ERP implementation.

Table 2. CSFs of ERP implementation with brief descriptions and references.

Sr. No. ERP Implementation CSFs Descriptions References
The process of teaching and imparting skills to employees,
ERP1 Training and job redesign whereas job redesign helps with planning and structuring jobs [9]
accordidng to the targeted needs.
ERP2 Team morale and motivation Inculcating good conc.luct with positive behavior to carry out [4,48]
the work in the best possible manner.
The selection of ERP software influences the smooth process of
Adequate ERP o .
ERP3 . its implementation and depends upon [9,26]
software selection N .
organizational requirements.
User involvement The user’s involvement and participation help with selecting
ERP4 - s . [4,26,48]
and participation ERP and its implementation.
ERP5 Clear goals and objectives Clear goals am;l objectives steer successful [12]
ERP implementations.
Business process Business process reengineering helps with incorporating the
ERP6 >S PTO new system by aligning the ERP software implementation in [9,12,13,26]
reengineering .
the business process.
ERP7 Balanced team A m1x§d group of employees forming a team{ ha}Vlng [4,26,48]
experience, skills and traits to carry out special jobs.
Consultant selection An expert provides professional advice to an individual or
ERP8 . . . L . [9,26]
and relationship business organization to achieve the stated goal.
Implementation strategy The implementation strategy and timeframe influence the ERP
ERP9 . . . [4,26,48],
and timeframe implementation plan.
The top management support ERP inception, introduction,
ERP10 Top management support diffusion and implementation in the organization. [12,34]
Project team organization The ERP implementation is successful if the project
ERP11 LTS . [4,26,48]
and competence organization’s competence is increased.
Change management helps streamline the ERP implementation
ERP12 Change management through various stages of ERP implementations. [12,26]
ERP13 Communication plan Effective communication is Crlt.lcal to successful [12,26]
ERP implementation.
Troubleshooting/ crisis Troubleshooting/ crisis management helps with successful ERP
ERP14 . . . . [9,12,31]
management implementations by solving troubles/crises.
4.2. Phase 2

Various matrices were created using methodologies such as ISM and MICMAC. Using

the contextual relationship provided by the expert group, an SSIM was generated. The
SSIM depicted in Table 3 was derived using the contextual interactions among CSFs of ERP
implementation. The derived SSIM was built upon the previously mentioned rules. For
example, ERP5, “Clear goals and objectives”, is compared with enabler ERP11, “Project
team organization and competence”, for their contextual relationship. Since ERP5 influences
ERP11, ‘V’ is used to represent the contextual relationship.

Similarly, other relationships may be repeated by ‘A’, X’ and ‘O’ according to the rules
discussed in the previous section. Following the rules, the comparison may be carried out
for the remaining CSFs of ERP implementation. The transformation of ‘V’, ‘A’, ‘X" and
‘O’ using the binary digits ‘1’ and ‘0’ is carried out according to the rules discussed in the
methodology section. Thus, the initial reachability matrix (IRM) can be obtained, as shown
in Table 4.
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Table 3. Structural self-interaction matrix (SSIM).

CSF ERP Implementation CSFs 4 13 12 11 10 9 8 7 6 5 4 3 2
ERP1 Training and job redesign \% v AV A VvV vV X A Vv VvV VvV X
ERP2 Team morale and motivation v VvV AV A V VvV X A V V VvV -
ERP3 Adequate ERP software selection v A A V A X A A A A A - -
ERP4 User involvement and participation \% X A V. A VvV A A A X - - -
ERP5 Clear goals and objectives \% X A V. A V A A A - - - -
ERP6 Business process reengineering v v X V A VvV VvV V - - - - -
ERP7 Balanced team v VvV A V A V VvV - - - - - -
ERP8 Consultant selection and relationship v VvV A VvV A V - - - - - - -
ERP9 Implementation strategy and timeframe v A A V A - - - - - - - -
ERP10 Top management support v Vv Vv VvV - - - - - - - - -
ERP11 Project team organization and competence \% A A - - - - - - - - - -
ERP12 Change management v Vv - - - - - - - - - - -
ERP13 Communication plan \Y% - - - - - - - - - - - -
ERP14 Troubleshooting/ crisis management - - - - - - - - - - - - -

Table 4. Initial reachability matrix.

CSF ERP Implementation CSFs 1 2 3 4 5 6 7 8 9 10 11 12 13 14
ERP1 Training and job redesign 1 1 1 1 1 0 1 1 1 0 1 0 1 1
ERP2 Team morale and motivation 1 1 1 1 1 0 1 1 1 0 1 0 1 1
ERP3 Adequate ERP software selection 0 0 1 0 0 0 0 0 1 0 1 0 0 1
ERP4 User involvement and participation 0 0 1 1 1 0 0 0 1 0 1 0 1 1
ERP5 Clear goals and objectives 0 0 1 1 1 0 0 0 1 0 1 0 1 1
ERP6 Business process reengineering 1 1 1 1 1 1 1 1 1 0 1 1 1 1
ERP7 Balanced team 1 1 1 1 1 0 1 1 1 0 1 0 1 1
ERP8 Consultant selection and relationship 0 0 1 1 1 0 0 1 1 0 1 0 1 1
ERP9 Implementation strategy and timeframe 0 0 1 0 0 0 0 0 1 0 1 0 0 1
ERP10 Top management support 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ERP11 Project team organization and competence 0 0 0 0 0 0 0 0 0 0 1 0 0 1
ERP12 Change management 1 1 1 1 1 1 1 1 1 0 1 1 1 1
ERP13 Communication plan 0 0 1 1 1 0 0 0 1 0 1 0 1 1
ERP14 Troubleshooting/crisis management 0 0 0 0 0 0 0 0 0 0 0 0 0 1

The IRM can be transformed into the final reachability matrix (FRM) by considering
transitivity. The row sum and column sum are determined as the driving power and
dependence, respectively. Table 5 shows the final reachability matrix (FRM).

Table 5. Final reachability matrix (FRM).
Total

CSF ERP Implementation CSFs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Driving

Power

ERP1 Training and job redesign 1 1 1 1 1 0 1 1 1 0 1 0 1 1 11
ERP2 Team morale and motivation 1 1 1 1 1 0 1 1 1 0 1 0 1 1 11
ERP3 Adequate ERP software selection 0 0 1 0 0 0 0 0 1 0 1 0 0 1 4
ERP4 User involvement and participation 0 0 1 1 1 0 0 0 1 0 1 0 1 1 7
ERP5 Clear goals and objectives 0 0 1 1 1 0 0 0 1 0 1 0 1 1 7
ERP6 Business process reengineering 1 1 1 1 1 1 1 1 1 0 1 1 1 1 13
ERP7 Balanced team 1 1 1 1 1 0 1 1 1 0 1 0 1 1 11
ERP8 Consultant selection and relationship 0 0 1 1 1 0 0 1 1 0 1 0 1 1 8
ERP9 Implementation strategy and timeframe 0 0 1 0 0 0 0 0 1 0 1 0 0 1 4
ERP10 Top management support 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14
ERP11  Project team organization and competence 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2
ERP12 Change management 1 1 1 1 1 1 1 1 1 0 1 1 1 1 13
ERP13 Communication plan 0 0 1 1 1 0 0 0 1 0 1 0 1 1 7
ERP14 Troubleshooting/crisis management 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Total (Dependence) 6 6 12 10 10 3 6 7 12 1 13 3 10 14

To obtain the level partition, the CSFs of ERP implementation were intersected. The
CSF “Troubleshooting/ crisis management (ERP14)” appeared in the first iteration of the
level partition, hence taking first place at level I. The different level partitions that were
made by using this method were put in the order of top to bottom for interpretive structural
modeling (ISM). The process was followed repeatedly until the last level of participation
was obtained. Table 6 shows that the I-VIII levels came from the level partitions that were
found after several iterations.
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Table 6. All iterations of CSFs of ERP implementation for levels I-VIII.

CSF Reachability Set Antecedent Set Intersection Set Level
ERP1 1,2,3,4,5,7,89,11,13,14 1,2,6,7,10,12 1,2,7 VI
ERP2 1,2,3,4,5,7,89,11,13,14 1,2,6,7,10,12 12,7 VI
ERP3 3,9,11,14 1,2,3,4,5,6,7,89,10,12,13 3,9 III
ERP4 3,4,59,11,13,14 1,2,34,5,6,7,89,10,12,13 45,13 v
ERP5 3,4,59,11,13,14 1,2,3,4,5,6,7,89,10,12,13 45,13 v
ERP6 1,2,34,5,6,7,89,11,12,13,14 6,10,12 6,12 VII
ERP7 1,2,3,4,5,7,89,11,13,14 1,2,6,7,10,12 1,2,7 VI
ERP8 3,4,5,8,9,11,13,14 1,2,3,6,7,8,10,12 8 A%
ERP9 3,9,11,14 1,2,3,4,5,6,7,89,10,12,13 3,9 III

ERP10 1,2,34,5,6,7,89,10,11,12,13,14 10 10 VIII
ERP11 1,11,14 1,2,3,4,5,6,7,8,9,10,11,12,13 11 I
ERP12 1,2,34,56,7,89,11,12,13,14 6,10,12 6,12 VII
ERP13 3,4,5,9,11,13,14 1,24,5,6,7,8,10,12,13 45,13 v
ERP14 14 1,2,3,4,5,6,7,89,10,11,12,13,14 14 I

By rearrangement following the level partition, the FRM can be changed into a lower
triangular matrix (LTM). The result is the LTM. The LTM based on the level partitions is
displayed in Table 7.

Table 7. Lower triangular matrix (LTM).

CSF ERP Implementation CSFs 14 11 3 9 4 5 13 8 1 2 7 6 12 10 DP
ERP14 Troubleshooting/ crisis management 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
ERP11 Project team organization 1 1 0 0 0 0 0 0 0 0 0 0 0 0 >

and competence
ERP3 Adequate ERP software selection 1 1 1 1 0 0 0 0 0 0 0 0 0 0 4
ERP9 Implementation strategy and timeframe 1 1 1 1 0 0 0 0 0 0 0 0 0 0 4
ERP4 User involvement and participation 1 1 1 1 1 1 1 0 0 0 0 0 0 0 7
ERP5 Clear goals and objectives 1 1 1 1 1* 1 1 0 0 0 0 0 0 0 7
ERP13 Communication plan 1 1 1 1 1 1 1 0 0 0 0 0 0 0 7
ERP8 Consultant selection and relationship 1 1 1 1 1 1 1 1 0 0 0 0 0 0 8
ERP1 Training and job redesign 1 1 1 1 1 1 1 1 1 1 1 0 0 0 11
ERP2 Team morale and motivation 1 1 1 1 1 1 1 1 1 1 1 0 0 0 11
ERP7 Balanced team 1 1 1 1 1 1 1 1 1 1 1 0 0 0 11
ERP6 Business process reengineering 1 1 1 1 1 1 1 1 1 1 1 1 1 0 13
ERP12 Change management 1 1 1 1 1 1 1 1 1 1 1 1 1 0 13
ERP10 Top management support 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14
Total (Dependence) 14 13 12 12 10 10 10 7 6 6 6 3 3 1

* Transitivity.

To create the digraph, all the CSFs for ERP deployment are grouped according to the
level partition matrix. The ISM for the CSFs of ERP implementation is shown in Figure 3.

Each CSF of ERP implementation possesses the driving power and dependence, which
can be used to draw the diagram. The influence and reliance of each CSF on ERP imple-
mentations are depicted in Figure 4. Through MICMAC analysis, it is possible to complete
Groups I through IV. The CSFs of ERP implementation are “Training and job redesign
(ERP1)”, “Team morale and motivation (ERP2)”, “Business process reengineering (ERP6)”,
“Balanced team (ERP?7)”, “Top management support (ERP10)” and “Change management
(ERP12)”, which were discovered to have a strong driving force and less reliance, thus
falling into the independent ERP CSF category. The CSFs of ERP implementation of “Ade-
quate ERP software selection (ERP3)”, “Implementation strategy and timeframe (ERP9)”,
“Project team organization and competence (ERP11)” and “Troubleshooting/crisis man-
agement (ERP14)” have a high degree of dependency and low driving power, forming a
dependent group. The CSF of ERP implementation of “Consultant selection and relation-
ship (ERP8)” is a border case for the independent and linkage types. The CSFs of ERP
implementation “User involvement and participation (ERP4)”, “Clear goals and objectives
(ERP5)” and “Communication plan (ERP13)” are on the border between the dependent and
linkage types. Moreover, there is no CSF of ERP implementation that works on its own.
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The ISM-based model and MICMAC analysis classification for identified CSFs of
ERP implementation were validated through the Delphi technique [49]. Five experts,
three from the IS and two from the IT domains, were identified. The identified Delphi
members constituted the Delphi panel. There were no common members between the
Delphi member panel and the expert group. All the Delphi participants received pertinent
data on the CSFs of ERP implementation. The ISM model was provided for validation in
the first round. The contextual relationship presented by the expert group of CSFs of ERP
implementation was accepted by every participant in the Delphi panel. The identified CSFs
of ERP implementation were therefore verified following the initial round. To confirm the
contextual link, the driving and dependent powers of each CSF of the ERP implementation
were examined. After the second round, the ISM model was put out for approval. The
MICMAC analysis diagram was judged to have persuaded the Delphi panel, leading to the
attainment of 100% agreement.

4.3. Phase 3

Six performance criteria [43] were selected from the literature to carry out the interpre-
tive ranking process (IRP) for the CSFs of ERP implementation. The selected performance
criteria, (P1) to (P6), were “Service quality (P1), Cost and Productivity (P2), Lead Time
(P3), Product Design (P4), Brand Value (P5) and Customer Satisfaction (P6)”. A binary
value of ‘1’ or ‘0’ was used to indicate the existence or non-existence of the relationship
between CSFs of ERP implementation and performance criteria. The relationship between
the CSFs of ERP implementation and performance criteria indicates the cross-interaction
matrix (CIM), which is shown in Table 8.

Table 8. Cross-interaction matrix of CSFs of ERP implementation and performance criteria.

ERP CSFs P1 P2 P3 P4 P5 P6
ERP1 1 1 0 1 0 0
ERP2 1 1 0 1 0 1
ERP3 1 1 1 0 1 0
ERP4 1 0 1 0 0 1
ERP5 1 1 1 0 1 1
ERP6 1 1 0 1 1 1
ERP7 0 1 0 1 1 0
ERPS8 1 1 0 0 1 1
ERP9 0 1 1 1 1 0

ERP10 1 1 1 1 1 1
ERP11 1 0 0 1 1 1
ERP12 1 1 0 0 0 1
ERP13 1 0 0 1 1 1
ERP14 1 1 0 0 0 1

The CSFs of ERP implementation and performance criteria are contrasted using the
contextual relationship from a cross-interpretive matrix. Table 9 displays the interpretive
matrix, which demonstrates the relationship between the CSFs of ERP implementation and
performance standards. The CSFs of the knowledge base matrix for the ERP deployment
can be used to prepare the building of dominant and non-dominating CSFs.

The interpretive matrix is employed while comparing the CSFs of ERP implementation
with the performance criteria. To prepare the knowledge base, the interpretive logic of
the dominant interaction between “ERP1” and “ERP3” for the different performances, P1
through P6, is written down. Table 10 shows the knowledge bases for the CSFs of ERP
implementation using interpretive logic.
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Table 9. Interpretive matrix.

Service Quality Cost and Productivity Lead Time Product Design Brand Value Customer Satisfaction
ERP/Performance Factors
P1 P2 P3 P4 P5 Pé6
Performance at work can be Training and job redesign
improved through training. Training and job redesign provide a realistic
ERP1- It is a tool that the company train the staff with current understanding of customer
Training and job redesign uses to further its objectives ~ processes and trends, thereby needs and trends, which in
and improve the caliber of its elevating productivity. turn helps with
entire customer service. product design.
When morale is high,
Team morale and~ motivation emp loyet?s feel Value(?l and Happy, motivated employees A motivated team also
are correlated; the link appreciated for taking : : :
ERP2- . . are more focused, creative improves customer service,
S between work effort and ownership of their work and i i g
Team morale and motivation ductivity i h ) . . and open to new changes which boosts the business’s
productivity increases being dedicated to it. This and new ideas success as a whole
service quality. makes them ' '
more productive.
ERP3- Adequate ERP software Adequate ERP software Adequate ERP software Adequate ERP software
Adequate ERP selection enhances selection influences the cost selection influences the selection enhances the
software selection service quality. as well as productivity. lead time. brand value.

ERP4-
User involvement
and participation

Participation and user
involvement aid with
enhancing service
information and accessibility.
It helps with figuring out
what the client wants.

Effective participation and
feedback improve the design
and process.

User participation leads to
system transparency, leading
to increased
customer satisfaction.

ERP5-
Clear goals and objectives

Clearly stated objectives aid
with more effective resource
planning and coordination
for businesses to maximize
profit and to improve
service quality.

Clear goals and objectives
give practical actions that
increase the efficiency of

operations, the accuracy of
results and productivity.

By having clear goals and
objectives, employees can
better track their progress
when they have defined

goals. Employees can shorten

their lead time by learning

about their challenges as
they go.

Based on the company’s
goals, employees can decide
how to prioritize their work

and manage their time,
which can improve the brand
value of the company.

Customer satisfaction is
increased when employees
manage their time based on

goals and the
company’s objectives.

ERP6-
Business process
reengineering

BPR improves the cost,
quality and service speed of
its services.

A BPR improves efficiency by
cutting excess, reducing costs
and enhancing productivity.

BPR lets businesses
streamline, plan and
restructure their whole
workflows to give them an
edge in the market and to
increase the value of
their brand.

BPR redesigns the product
design according to the
customer’s demands.

BPR increases efficiency,
eliminates redundancy and
makes the process simpler
and faster to complete.
Therefore, the process
progresses faster and more
easily. This results in a range
of client services and
customer satisfaction.

ERP7-
Balanced team

A well-balanced team lets
businesses organize, improve
and rethink the whole
process, which makes them
more efficient overall.

The enterprise empowers
employees with all the
information and facilities,
thus increasing its brand
value.

A well-balanced staff
provides the business with
many fresh and creative
product ideas.
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Table 9. Cont.

Service Quality Cost and Productivity Lead Time Product Design Brand Value Customer Satisfaction
ERP/Performance Factors
P1 P2 P3 P4 P5 P6
The use of qualified
. - consultants is beneficial to . . 10
ERPS- bngctlvfhcommurllzcattlon d Consultants’ resourcefulness having high service It afltd S_Wllt h prOV}dmg
Consultant selection < ee? tehconsu antan and capabilities can reduce standards, prompt delivery, a er;a e}sliser_wces
and relationship caent mcreeses the overall cost. and outstanding service to | andacueving
service quality. & high-quality service.
manage corporate
brand value.
Flexibility is key for Implementation strategies Implementation strategies act

ERP9-
Implementation strategy
and timeframe

Implementation strategy and
planning increase operational
efficiencies. It increases
market profitability.

administrators and business
process owners who are
responsible for day-to-day
operations.

and planning help act as well,
instead of simply
brainstorming new ideas for
the product design.

as a tool to increase a
company’s brand value by
developing team building

and marketing.

ERP10-
Top management support

It controls the workforce to
improve performance and
deliver high-quality services.

Top management considers

the growth of market trends

and demands, thus, in turn,
increasing productivity.

It foresees the waste of
resources and reviews the
processing time by applying
various lean strategies to
reduce the lead time.

Top management is always
coming up with new designs
and ideas for products in
response to market growth
and customer needs.

Top management makes
effective brand management.

Top management is also
responsible for keeping
customers happy and loyal,
which means providing good
service and making
customers happy.

ERP11-
Project team organization
and competence

Project team management
improves organizational
efficiency and ensures that
there are fewer interruptions
in order to obtain improved
service quality.

Teamwork allows employees
to try out new product ideas
and innovative
project designs.

Successful teamwork results
in more completed projects,
raising the company’s overall
brand value.

Teamwork and making sure
customers are happy are
important parts of project
quality management because
they make sure that every
customer is happy.

ERP12-
Change management
resistance

Change in management
guides the successful
adoption and usage of
changes within businesses.

Changes made by
management to stick to the
schedule, stay within the
budget and reach the goals
help increase productivity
and lower costs.

Employee compliance with
all policies results in job
satisfaction, which in
turn influences
customer satisfaction.

ERP13-
Communication plan

Communication plans help
build client relationships and
also assist with providing
good service quality.

By considering market
demands, marketing
communication increases
brand value.

The brand value may be
raised by engaging with
consumers, learning about
their needs and adapting
products in response.

Planning for communication
makes sure that there is
effective information
transformation at all levels
among stakeholders.

ERP14-
Troubleshooting and
crisis management

Troubleshooting and crisis
management help consumers
with high-quality service.

It helps employees to take
corrective action. Problems
can be easily spotted and
solved, hence
increasing productivity.

A crisis management team

can be put together to assist

consumers and to improve
service quality.
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Table 10. Knowledge base of CSFs of ERP implementation using interpretive logic.

Dominance Comparison of

Performance Indicator (s)

Dominance Comparison of

Performance Indicator (s)

SFs Influenced SFs Influenced
1Dominating2 P6 9Dominating4 P1,P2,P4,P5
1Dominating4 P3,P4,P6 9Dominating5 P1,P4
1Dominating5 P3,P4,P5,P6 9Dominating6 P1,P3,P6
1Dominating?7 P1,P5 9Dominating7 P3
1Dominating8 P4,P5,P6 9Dominating8 P1,P3,P6

1Dominating11 P2,P5,P6 9Dominating11 P1,P2,P3
1Dominating13 P2,P5,P6 9Dominating12 P1,P4,P5
1Dominating14 P4,P6 9Dominating13 P1,P2,P3
2Dominating4 P2,P4 9Dominating14 P6
2Dominating14 P4 10Dominating1 P3,P5,P6
3Dominating1 P3,P4,P5 10Dominating2 P3,P5
3Dominating2 P3,P4,P5,P6 10Dominating3 P4,P6
3Dominating4 P2,P5,P6 10Dominating4 P2,P4,P5
3Dominating5 P6 10Dominating5 P4
3Dominating?7 P1,P3,P4 10Dominating6 P3
4Dominating5 P2,P5 10Dominating7 P1,P3,P6
4Dominating?7 P1 10Dominating8 P3,P4
4Dominating13 P3,P4,P5 10Dominating9 P1,P6
5Dominating?2 P3,P4,P5 10Dominating11 P2,P3
5Dominating7 P1,P3,P4,P6 10Dominating13 P2,P3
5Dominating11 P2,P3 10Dominating14 P3,P4,P5
5Dominating13 P2,P3 11Dominating2 P2,P5
6Dominatingl P5,P6 11Dominating3 P2,P3,P6
6Dominating2 P5 11Dominating4 P3,P4,P5
6Dominating3 P3,P4 11Dominating8 P2
6Dominating4 P2,P4,P5 12Dominating1 P3,P4
6Dominating5 P3 12Dominating2 P2,P4,P6
6Dominating7 P1,P6 12Dominating3 P5
6Dominating8 P4 12Dominating4 P2
6Dominating11 P2,P4 12Dominating5 P5,P6
6Dominating13 P2 12Dominating6 P3
6Dominating14 P4,P5 12Dominating?7 P1,P3,P5
7Dominating?2 P1,P5,P6 12Dominating8 P3,P5,P6
7Dominating11 P1,P2,P6 12Dominating10 P2
7Dominating14 P1,P4,P5,P6 12Dominating11 P3
8Dominating2 P4,P5 12Dominating13 P2,P6
8Dominating3 P3,P6 12Dominating14 P6
8Dominating4 P2,P3,P5 13Dominating2 P2,P5
8Dominating5 P3 13Dominating3 P2,P3,P4
8Dominating?7 P1,P4 13Dominating?7 P1,P2
8Dominating13 P2,P4 13Dominating11 P6
8Dominating14 P5 13Dominating14 P4,P5
9Dominating1 P1,P3,P5 14Dominating4 P2,P3
9Dominating?2 P1,P3 14Dominating11 P2,P4,P5
9Dominating3 P1,P4

The matrix of dominant interactions is displayed in Table 11. All the dominating CSFs
of ERP implementation are summarized in the dominating interaction matrix. Based on
the dominating interaction matrix, dominance matrix as shown in Table 12 can be derived.

Table 11. Dominating interaction matrix.

CSF 1 2 3 4 5 6 7 8 9 10 1 12 13 14
ERP1 P1,P6 PLFS, P1,D5 PLP4, P3,05 PLPL, PLP5 P2,P5 P2pe, P2,P6 PLP4,  PLP4  PLES,
ERP2 P2,P4 P2,P5 P2,06 P2,P5 P2,P5 PP, pipspe  THES FLES. PLES, P4,P6 P2,P6  P4P6
ERP3 P3,P6 P5 P3,P6 P6 P2,P5 P1,P6 P2,P3 P3,P6 P1,P6 P3,p5 P2 P3,P5 P2
ERP4 PLP6 PLP6 PLP3 P1,P3 PL,P6 P3P5  PLP3P6 Pl P1,P4 P2,P5 P2,P5 P4 P5
ERP5 P2,P4 P2,P6 P2,P6 P2,P4 PLF2, PLP5  PLP3P6  P2,P6 P1,P2 PLD5 P1,D5 pops  PLE2
ERP6 P1,P3,P4,06 P1,P4 PLF2. P2,P4 PLES, II%IIZE P1,P6 PLES, 5 II:iII;% I;igg . IIELII;%
ERP7 P2,P3 Tt TR mes TR TR papspe S TS TS TS paps PR
ERPS P4 P3,P6 P2,P4 P15 P2,P5 . P2,P6 . LS, PLE4, FLFS,  P2P3 P2R4
ERP9 P1,P4,P6 P1 P1,D5 P4,P6 P3,P6 P2,P4 P2,P6 P1,P5 5 P2,P4 P4 FLF2,  FLPS,
ERPI0 PLP2P3Pspe Pyt PR pLhe o pLih PR Rl B TR e Ty Hm TR
ERP11 P2,P4 P2,P6 P2,P5 P3 P1P5 PLES, P2,P6 P4,P6 P2,P6 P3,P6 P4P6  PLP6  P4D6
ERP12 P1,P4,P6 PLP6 PLP4, P4,P5 PLPS, P1,P4 PLPS, P3P, PLPS, 112151122 PLPS, P3,P5  P3P5
ERP13 P1,P3,P5 P1,P4 P1,P6 P3 PLPS, P3 P1,P3 P3,P6 P3,P6 P1,P6 P3,P6 P3,P6 P4
ERP14 P1,P3 P4 P16 P3 P1 P3 P1,P3 P3,P6 P3 P1,P6 P3,P6 P6 P6
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Table 12. Dominance matrix.

CSF 1 2 3 4 5 6 7 8 9 10 1 12 13 14 (D* (D-B)** Rank
ERP1 3 3 2 3 2 3 2 2 3 2 3 3 3 34 1 6
ERP2 2 2 2 2 2 3 3 3 3 3 2 2 2 31 5 4
ERP3 2 1 2 1 2 2 2 2 2 2 1 2 1 22 ~10 13
ERP4 2 2 2 2 2 2 301 2 2 2 1 1 24 -1 8
ERP5 2 2 2 2 3 2 32 2 2 2 2 3 29 -2 9
ERP6 4 2 3 2 3 4 2 3 1 4 4 3 4 39 8 2
ERP7 2 3 3 2 3 3 3 3 3 3 3 2 3 36 3 5
ERP8 1 2 2 2 2 3 2 3 4 3 3 3 3 33 0 7
ERP9 3 1 2 2 2 2 2 2 1 2 1 3 3 26 —4 11
ERPI0 5 3 3 4 4 4 3 4 3 3 3 4 3 46 15 1
ERPI1 2 2 3 1 2 3 2 2 2 2 2 2 1 26 -7 12
ERPI2 3 2 3 2 3 2 3 33 4 3 2 2 35 6 3
ERPI3 3 2 2 1 3 2 3 2 2 2 2 2 1 27 -3 10
ERPI4 2 1 2 11 1 2 21 2 2 1 1 19 ~11 14
(B)** 3 26 32 25 31 3 3 33 3 31 3 29 30 30

* Number of cases dominating, ** Net dominance, *** Number of cases being dominated.

Figure 5 shows an interpretive ranking model.

The impact of CSFs on ERP implementations can be understood using the diagram.

> ERP10 Top management support (46,31) -
¥ 1
-> ERP6  Business process reengineering (39,31) -
¢ t
> ERP12 Change management (35,29) e
¥ T
&t ERP2  Team morale and motivation (31,26) -
! t
> ERP7  Balanced team (36,31) N
¥ f
> ERP1  Training and job redesign (34,33) =
$ t
=  ERP8  Consultant selection and relationship (33,-33) =
! |
ERP4  User involvement and participation (24,25) —
: ;
ERP5  Clear goals and objectives (29,31) -
' t
> ERP13 Communication plan (27,30) -
! t
= ERP9 Implementation strategy and timeframe (26,30) 1o
] I
= ERPI1 Project team organization and competence (26,33) |
! |
—-> ERP3  Adequate ERP software selection (22,32) -
' |
> ERP14 Trouble shooting and crises management (19,30) =

Figure 5. Interpretive ranking process model.



Sustainability 2022, 14, 14779

18 of 21

5. Discussion

Sustainable supply chain management relies mainly on how sustainable production
and consumption issues are resolved [50]. ERP plays a vital role in exchanging large
amounts of digitized data at the fastest pace for sustainable SCM. The success and failure
of ERP implementation have been the subject of several studies. The results can aid with
the planning of strategies and resources, as well as with providing leadership to manage
the ERP CSFs that were determined to be crucial for ERP success [15].

Many organizations have attempted ERP implementation. However, numerous aca-
demics have advised caution and have advised for an in-depth analysis of the organiza-
tion’s business processes before attempting ERP. Since the ERP system integrates various
organizational activities relying on rapid interdepartmental communication, the ERP im-
plementation process is also regarded as costly, cumbersome and complex, and it needs
more resources than that which is estimated. ERP implementations depend heavily on the
identification of CSFs and their relationships. The nature of CSFs may also be essential
while implementing ERP during various stages of implementation.

The present research provides a systematic process of identifying CSFs for ERP imple-
mentation for sustainable SCM. It has been argued that CSFs are interrelated. If one CSF is
changed, the other related CSF is also influenced through its direct or indirect connection
with the CSE It is also important to know if the effect of such CSFs is positive or negative,
leading to a strong or weak performance. The identified CSFs may be evaluated based on
their impact on organizational or operational factors. ERP’s success may depend on its
classification as an organization or operation. The influence of CSFs may be regarded as
significant for ERP implementation. Furthermore, CSFs may also be identified as depen-
dent, critical and basic for understanding the nature of CSFs. The impact analysis of each
CSF can provide more clarity and a proactive approach to attending to and controlling
CSFs while implementing ERP.

The ISM methodology helps with identifying the direct and indirect relationships
among CSFs [51]. The direct and indirect relationships help the manager understand the
contextual relationship among CSFs. Practicing managers may employ experts’ decision-
making qualities, simplifying the complex problem into a simple hierarchy-based problem.
The ISM process offers more simplicity in decomposing a complex problem into an iterative-
based solution [52]. The various CSFs of ERP have different contextual relationships, which
are easily discovered through ISM.

The driving power and dependence of the CSFs of ERP implementation are pro-
vided by the MICMAC study. Additionally, it groups all the CSFs for ERP deployment
into four categories or clusters, giving each CSF complete visibility. The transparency
of each CSF’s contextual link and hierarchy position is made clear. This aids manage-
ment with reviewing their plans and altering their course of action for implementing ERP.
Four categories—autonomous, dependent, linking and independent enablers—are used
to organize the fourteen CSFs for ERP implementation. Considering their driving power
and dependence on the six CSFs, “Training and job redesign (ERP1)”, “Team morale and
motivation (ERP2)”, “Business process reengineering (ERP6)”, “Balanced team (ERP7)”,
“Top management resistance (ERP10)” and “Change management (ERP12)” are classified
as dependent enablers. “Adequate ERP software selection (ERP3)”, “Implementation strat-
egy and timeframe (ERP9)”, “Project team organization and competence (ERP11)” and
“Troubleshooting/ crisis management (ERP14)” are classified as dependent CSFs.

The success of ERP implementations for sustainable SCM is significantly influenced by
teamwork between the ERP implementer and organizational team members. Communica-
tion plays a significant role within and outside the enterprise. The ERP team that is selected
must have sound knowledge and experience to make the ERP implementations successful.
There are geographic restrictions on the current investigation. The CSFs involve “employee
attitude”, “employee motivation”, “skill and expertise” and “training and education”.
The role played by CSFs varies from place to place. The lean implementation project is
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costly and time-consuming because identical CSFs in another region of the country present
different difficulties.

6. Conclusions

ERP provides many strategic advantages, such as operational benefits, business pro-
cess and management benefits, and strategic IT planning benefits, to enhance SCM sustain-
ability through operational process integration, customer and relationship integration, and
planning and control process integration [3]. The current study uses the ISM, MICMAC
and IRP methodologies to investigate the CSFs of ERP deployment for sustainable SCM.
ISM assists with categorizing the various CSFs of ERP implementation into four clusters,
whereas MICMAC assists with measuring the influence of each CSF of ERP implementation
on other CSFs of ERP implementation utilizing contextual linkages. Before the real ERP im-
plementation, the results of both techniques can help working managers better understand
the CSFs. Relation modeling reveals a considerable relationship between the CSFs of ERP
implementation and relation modeling, which aids with planning and decision making.
The results of this study are pertinent to the installation of ERP for its expansion and
sustainability in SCM. Ranking the CSFs of ERP implementation provides an advantage to
practicing managers for prioritizing strategies and decision making for sustainable SCM.
The different industrial sectors can use the ISM, MICMAC and IRP methods to identify
the relationship between CSFs, which is essential for successful ERP implementation for
their strategic SCM. This work’s logical expansion might be to expand into other industries
to identify common CSFs. Results from the exploratory analysis and structural equation
modeling could be helpful to practicing managers.

Future studies related to ERP advancement and its readiness to suit various sectors of
14.0 can be undertaken. Empirical studies to investigate the effectiveness and robustness of
the ERP implementation process can be investigated. Exploratory studies and structural
equation modeling can be used to identify and study the contextual relationships of the
CSFs of ERP implementation, and investigations of the organizational fit for ERP can be
undertaken [22]. The successful integration between ERP and SCM can enhance SCM
capabilities for sustainable SCM [53]. To defend against counterfeiting in the production
process, ERP systems must be properly integrated with SCM systems [23].
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