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ABSTRACT ARTICLE HISTORY
Enterprise resource planning (ERP) is a software solution that integrates Received 31 March 2015
the operational processes of the business functions of an enterprise. Accepted 17 July 2016

However, implementing ERP systems is a complex process. In addition to KEYWORDS

the technical issues, companies must address problems associated With  Epierprise resource planning
business process re-engineering, time and budget control, and organisa- (ERP); Value engineering
tional change. Numerous industrial studies have shown that the failure (VE); Six Sigma

rate of ERP implementation is high, even for well-designed systems. Thus,

ERP projects typically require a clear methodology to support the project

execution and effectiveness. In this study, we propose a theoretical model

for ERP implementation. The value engineering (VE) method forms the

basis of the proposed framework, which integrates Six Sigma tools. The

proposed framework encompasses five phases: knowledge generation,

analysis, creation, development and execution. In the VE method, poten-

tial ERP problems related to software, hardware, consultation and organi-

sation are analysed in a group-decision manner and in relation to value,

and Six Sigma tools are applied to avoid any project defects. We validate

the feasibility of the proposed model by applying it to an international

manufacturing enterprise in Taiwan. The results show improvements in

customer response time and operational efficiency in terms of work-in-

process and turnover of materials. Based on the evidence from the case

study, the theoretical framework is discussed together with the study’s

limitations and suggestions for future research.

1. Introduction

Enterprise resource planning (ERP) is an integrated set of software packages to support the cross-
functional operations of an enterprise. It provides a process-oriented information platform to
enable an enterprise-wide operational efficiency (Jacobs and Bendoly 2003; Gronau and Kurbel
2010). The implementation of ERP system is a complex project, in which the perspectives refer to
information technology, business operations, software application as well as organisational change
should be well considered in an integrated manner (Sammon and Adam 2010; Galoppin and
Caems 2007). However, according to the industrial evidences, the ERP projects have relative high
failure rate, meanwhile approximately 60-90% of ERP projects showed unsuccessful results (Lall
and Teyarachakul 2006; Lapointe and Rivard 2005; Zhang et al. 2005). After analysed 562 respon-
dents from survey in 2015, Panorama Consulting (2015) reveal that the failure rate of ERP
implementation is 21%, which is an increase of 5% from last year. However, 55% respondents
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reported that the implementation budgets were overrun and 75% of projects exceeded their initial
estimated timeline.

ERP implementation is similar to an engineering project, which involves the cooperation of
cross-functional teams and consultants, coordination of technical and behaviour activities, long
implementation time as well as large amounts of money. To it, many ERP providers developed their
own methodologies to support the effective realisation of the software projects, for example the
ASAP of SAP, and the AIM of Oracle (Franz 2014). Most of the ERP implementation methodologies
are based on the system engineering thinking, in which the available resources in terms of
professional capability, IT infrastructure, business know-how are well organised and so as to
achieve the desired project quality under limited time and budget (Meinhardt et al. 2010; Griine
et al. 2009; Kwahk and Lee 2008). Again, these implementation methodologies consider the project
realisation in a life-cycle base and so as to divide the project execution into several mutually
exclusive time phases, in which the planning, control, monitoring as well as activities are executed
based on a qualitative approach. By these approaches, the ERP implementation could be system-
atically organised, yet the decision and planning accuracy have still room for improvement.

System engineering (SE) is a well-accepted approach in the engineering field, in which the
solving concept is normally developed to be a framework, and quantitative models are integrated
to the framework to support the project execution (Blanchard and Fabrycky 1998). Similar to SE,
Value engineering (VE) is an effective methodology that focuses on function analysis and lifecycle
costing with quantitative evaluation to increase value creation. IT integration and the manufactur-
ing decisions related to technology, human resources, quality, production planning and organisa-
tion. Organisations must identify their informational needs, select the most appropriate ERP
package based on their organisational characteristics and then manage the ERP so that it benefits
the organisation (Somers and Nelson 2003). By using new styles, applying a creative design,
improving operational processes, developing innovative methods, reducing cost and time and
improving quality and safety can meet customer needs and the company strategy (Ibusuki and
Kaminski 2007). An extended model was developed to combine the target cost and VE as a system
model. The combined model focuses on the requirements, functions and components of assembly,
manufacturing and supply to provide further information for engineering the cost-value-ratio of
products and increasing product value (Behncke, Maisenbacher, and Maurer 2014). Value-based
management primarily applies data-driven conceptual approaches. The benefits of designing
model-driven decision-making for performance and risk optimisation by implementing value-
added performance metrics and applying robust optimisation methods to mitigate risk serve to
sequentially optimise the physical and financial dimensions of a business (Hahn and Kuhn 2012).
Various value propositions provide precursors for measuring the relative success or failure of ERP
implementation. A set of value-based objectives can enrich the implementation of ERP. Value-
driven tasks and alternatives can optimise the ERP selection and implementation processes (May,
Dhillon, and Caldeira 2013). Applying a set of value propositions derived from a resource-based
perspective on the various roles of the stakeholders in the value chain can achieve competitive
advantage and influence ERP implementation. Value propositions also act as a foundation for
elucidating the difficulties associated with improving ERP systems (Johansson and Newman 2010).
Six Sigma is a disciplined data-driven approach that is designed to continually improve process
quality and productivity to obtain bottom line profitability by minimising process variations,
thereby leading to a consistent and predictable output. The approach focuses on minimising
defects and variations, and measures excellence based on defects per million (Lin et al. 2013).
The Six Sigma process involves identifying solutions to eliminate the root causes of performance
problems that result in inconsistent processes, while preserving the integrity of the basic process to
minimise the occurrence of defects, variations and unnecessary costs resulting from poor quality
(Srinivasan et al. 2014). However, to ensure effective implementation, other management tools are
needed to solve complex problems. Six Sigma, which emphasises defect-free manufacturing, fulfils
this requirement. Both VE and Six Sigma are widely used in various industries. In Figure 1, we map
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Figure 1. Mapping the implementation framework of the ASAP and VE-based methods.

the ERP implementation framework of ASAP and the VE (Value engineering)-based method devel-
oped in this paper. Similar to the ASAP framework, our proposed model comprised five phases, and
some of the main steps of the ASAP model were included in our model. We used the VE
methodology with numeric measurements to create an innovative value and Six Sigma methodol-
ogy that ensures overall quality.

On the grounds of considerations above, in this study we applied VE as a basic structure to
develop an ERP implementation methodology, and incorporated Six Sigma techniques to manage
mismatches and develop a supportive tool for ERP implementation. The remainder of this study is
organised as follows. In Section 2, we review the literature on ERP, and then show findings and
gaps in literature. In Section 3, we propose a methodology for improving ERP system implementa-
tion. In Section 4, we develop a theoretical framework that outlines the processes for evaluating
the implementation process, and validate the effectiveness of the proposed model using a case
study of an international manufacturing firm that used the proposed model. We discuss our
findings in Section 5. In Section 6, we present our conclusions and recommendations for future
research.

2. Literature review

In this section, we review the literature on ERP implementation, VE and Six Sigma to inform the
development of an implementation framework with improved value and quality. We then discuss
the findings and identify gaps in the literature.

2.1. Implementation of the ERP planning system

Because ERP systems require a considerable investment of resources and ERP implementation
projects are invariably complex and difficult, appropriate and effective project planning can
increase the chances of successful implementation (Umble, Haft, and Umble 2003). Typically, an
ERP system takes between 1 and 5 years to implement. The implementation process has been
examined from the organisational innovation and technology assimilation perspectives to explain
the role of one or multiple factors in determining business process outcomes. Numerous studies
have focused on the implementation processes in various organisational settings and environ-
ments to help further the development of more prescriptive mechanisms and tools (Sarkis and
Gunasekaran 2003). Koch and Mitlohner (2010) used effort estimation based on social choice to
enhance the capacity for ERP implementation projects to adapt and customise complex systems,
and even change the organisation. Karimi, Somers, and Bhattacherjee (2007) stated that ERP
implementation projects should consider factors relating to the functional, organisational and
geographic perspectives.
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2.1.1. Implementation strategies of ERP systems

ERP systems can have three alternative strategies: self-development, outsourcing and a dedicated
software package. Self-development and outsourcing are based on information system require-
ments that are analysed in accordance with business strategies. Outsourcing and dedicated soft-
ware packages can reduce software and maintenance costs. However, the software functions
typically require customisation (Akmanligil and Palvia 2004). The strategic implementation models
of ERP systems can be categorised as big-bang, iterative and roll-out. When the big-bang model is
applied, all of the required system modules are simultaneously configured and implemented in
parallel by the firm. This methodology is suitable for relatively simple organisational structures
where implementation only takes a short time. The iterative methodology comprises multiple
phases with specific targets in each phase. Each development phase begins only after the
completion of the preceding phase, and the process continues until the entire system is complete.
With the roll-out model, new and original systems operate in parallel, and modules are developed
for individual business units. After successful adoption, the new system is extended to the entire
enterprise. Another critical issue in the strategic planning of ERP implementation is the selection of
the ERP solutions. Jafarnejad et al. (2012) showed that general system features, project manage-
ment, software quality and functionality, vendor capability, cost and technology are the major
criteria in the ERP selection process. The main challenges include selecting and configuring the
software, revising business practices, securing sufficient ERP development and operating staff, and
the deployment process (Holsapple and Sena 2005). Ip and Chen (2004) proposed an IDEF
methodology to integrate macroscopic environment of re-engineering and focused on the man-
agerial and organisational aspects of ERP. The methodology connects management and organisa-
tion to a virtual ERP system for customisation, validation and documentation. The proposed
implementation strategy enables the organisation to make use of the rapid advancement of ERP
implementation.

2.1.2. Framework for the ERP system implementation

The framework for the systematic life cycle management of IT projects involves project selection,
strategic implementation and performance evaluation (Stewart 2008). In industrial practice, ERP
implementation projects are conducted on the strategic, tactical and operational levels. The
strategic level includes evaluation of the current legacy system, project vision and objectives,
implementation strategies, consultants and benchmarking. The tactical level comprises client
consultation, business process change, software selection and the implementation approach.
Finally, the operational level includes business process modelling, system configuration, final
preparation and system deployment. Sohrabi and Vanani (2011) further stated that effective
collaboration is needed between the managerial and operational planning levels of the total
value system. Based on an assessment of the relevant organisational and technical factors, an
ERP implementation framework has been proposed using design science guidelines in which the
organisational factors include management commitment and support, change management, ERP
implementation strategy, use of consultants, and the composition and skills of the ERP team, and
the technological factors include customisation avoidance, technology use, user training and
selection of the appropriate ERP architecture.

2.1.3. Success of an ERP implementation project

Mandal and Gunasekaran (2003) pointed out that the successful implementation of the ERP system
SAP was attributable to closely following the specific pre-implementation, implementation and
post-implementation strategies. Effective pre-implementation strategies include adopting risk and
quality management protocols in change management, splitting the project into subsystems to
improve cross-functional communication, using a phase-based approach rather than a radical
approach, applying appropriate planning styles for various tasks and planning the recruitment,
selection and training of the project team personnel. Effective implementation strategies include
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formulating a network to identify user requirements and collect user feedback, providing a
professional and stimulating work environment, promoting collaboration between users and
developers while developing the system, recruiting intra-project teams and employing intra- and
inter-industry networking personnel for system migration. Effective post-implementation strategies
are critical for user acceptance of ERP systems. Because IT systems and structures tend to change
continuously (even after the completion of a project), effective post-project evaluation strategies
are useful for measuring the effectiveness of an ERP system. Chau et al. (2009) established a process
model integrating Six Sigma with enterprise system. The model enables an enterprise to keep
ahead through the continual promotion of innovative ideas about products, services and technol-
ogies and make use of the enterprise systems effectively and efficiently. Tchokogué et al. (2005)
showed that the successful implementation of SAP R/3 by Pratt & Whitney Canada was the result of
constant and shared efforts among all stakeholders at the strategic, functional and operational
levels. Specifically, they prioritised change management, unified the orientation of top manage-
ment, mobilised all managers, allocated sufficient internal and external resources and provided
adequate training and coaching. Several key factors of successful organisational transformation
were considered, such as a rigorous and detailed plan based on a proven model, favourable
conditions for organisational change, familiarity with the SAP system, a culture of change, relatively
positive history of undergoing change, adequate financial resources and time frame, and a sub-
stantial number of dedicated players to facilitate the system migration. Many attempts at ERP
implementation have been unsuccessful due to the complexity of the process.

Kini and Basaviah (2013) argued that ERP implementation failure results in financial investment
loss, operation disruptions, potential revenue loss, customer dissatisfaction, poor employee morale,
high employee turnover and poor system recovery. Wang, Gao, and Ip (2010) set up a model to
handle the resilience of an enterprise information system for the maximum recovery ability. The
result shows that the model and algorithm work from an example by using genetic algorithm (GA).
Aloini, Dulmin, and Mininno (2007) identified processes, expectations, interactions and correspon-
dence failures as four causes of ERP project failure. Akkermans and van Helden (2002) identified the
presence and attitudes of the surrounding stakeholders, i.e. top management, project manage-
ment, project champions and software vendors, as the root performance drivers of the core
process. Al-Mudimigh, Zairi, and Al-Mashari (2001) stated that top management commitment
and support, business case, project management, change management, training and communica-
tion are the CSFs of ERP.

The major CSFs are the provision of adequate user training, the identification of clear goals and
objectives, and the participation and support of top management. Ke and Wei (2008) showed that
top management can influence employees’ values, cognisance and motivation to adopt an ERP
system, and that the influence of leadership on the organisational culture contributes to the
success of ERP implementation. Rajendran and Elangovan (2012) showed that the perceived
benefits and challenges, and the organisational complexity play mediating roles in institutional
pressure motivated ERP adoption drives. They recommended that stakeholders consider introdu-
cing facilitating factors, such as employee training and the provision of financial and technical
support, that consultants should commit to training end users and that employee resistance should
be managed through effective leadership, communicating the benefits of change and preparing
for risk.

ERP implementation enables firms to reduce their transaction costs and improve their produc-
tivity, customer satisfaction and profitability (Beheshti and Beheshti 2010). Wang and Hwang (2012)
stated that after an initial system failure, a new ERP system can reduce inventory by 16%, increase
annual sales by 10% and provide a 20.6% return on investment. However, the benefits of ERP are
not guaranteed, even after successful ERP implementation. For example, the distinct features of a
firm, such as interdependence and differentiation among manufacturing plants (Chou and Chang
2008), can significantly influence the benefits of ERP implementation. Accordingly, focusing solely
on efficiency can be harmful to an organisation’s long-term success and competitiveness.
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Table 1. The trend of ERP implementation from literature review.

Category Related research

Implementation strategies ® Self-development and outsourcing should be determined based on the information
system requirements (Akmanligil and Palvia 2004).
® General system features, project management, software quality and functionality,
vendor capability, cost and technology are the major criteria in the ERP selection
process (Jafarnejad et al. 2012).
® The decision-support objectives are moderately critical factors in ERP planning
(Holsapplea and Sena 2005).

Framework for ® |S projects should be organised based on the life-cycle concept and therefore a
implementation framework is necessary. ERP implementation projects are conducted on the strategic,
tactical and operational levels (Stewart 2008).
® Effective collaboration is needed between the managerial and operational planning
levels of the total value system. An ERP implementation framework has been proposed
using design science guidelines (Sohrabi and Vanani 2011).

Success of ® The successful implementation of the ERP system SAP was attributable to closely
implementation project following the specific pre-implementation, implementation and post-implementation
strategies (Mandal and Gunasekaran 2003).
® The successful implementation of SAP R/3 by Pratt & Whitney Canada was the result of
constant and shared efforts among all stakeholders at the strategic, functional and
operational levels. Many attempts at ERP implementation have been unsuccessful due
to the complexity of the process (Tchokogué et al. 2005).
® The major CSFs are user training, goals and objectives, top management participation and
support, project management, teamwork and composition (Kini and Basaviah 2013).
® Success factors for ERP project implementation are top management commitment and
support, reference cases, project management, change management, training and
communication (Al-Mudimigh, Zairi, and Al-Mashari 2001).
® Distinctive features such as the interdependence and differentiation of plants should
be considered (Chou and Chang 2008).

2.2. Findings and gaps in the literature

The foregoing literature review reveals that ERP implementation is complex and difficult. Table 1
shows the trend of ERP implementation. Appropriate strategy, suitable framework and effective
project planning can increase the chances of successful implementation. There are many ways to
implement ERP systems, such as through self-development, outsourcing or software packages, or
big-bang, iterative and roll-out approaches, etc. It seems that finding a suitable method is a way to
success. Risk and quality management affect the implementation of such projects, and following a
proven model can improve the chances of success. The critical success factors include user training,
setting clear goals and objectives and senior management support and participation. Successful
ERP implementation can reduce inventory and increase sales and return on investment. There is no
single method that can be adopted to deal with different situations and complexities of imple-
menting process, but with so many cases of failure the development of a suitable framework for
ERP implementation could help to avoid mistakes in future projects.

VE is based on functional analysis to streamline the value of a system, product or service by
developing a new style, design and process to reduce costs and improve quality and safety. Six
Sigma is a disciplined data-driven approach to minimising defects and variations. By developing a
VE-based theoretical framework combined with Six Sigma, a firm can follow the method step-by-
step using the quantitative methods of VE analysis and Six Sigma to find the most suitable strategy
and method to deal with the problems involved in ERP system implementation.

3. Research methodology

The research methodology was divided into six steps, as illustrated in Figure 2. The first step
involved establishing the goal and determining the motivation for all members of the team. Given
that the adoption of ERP systems has become essential in most enterprises, the proposed
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| Develop Theoretical Framework

!
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Figure 2. Research methodology.

framework had to enable system implementation with less than usual resource input and more
output. We are tired of current system for not only being slow, but also for the mistakes that
happened often. We need to request IT personnel to provide data from information system once in
a while for further analysing. We thus used many management tools for performance improvement
to determine implementation efficacy. The second step was the literature review, which allowed us
to collect as much information as possible, focusing on ERP implementation, VE and Six Sigma.
They are all effective ways, separately. Failure and successful implementing cases are collected.
There are many methods suitable for adoption. However, with limited resources, we need to select
only part of them. The third step was to summarise the findings so that we could learn from
successful methods, avoid mistakes and identify gaps in the literature. In the fourth step we
developed the theoretical framework. According to our experience with the management tools,
including VE, failure mode and effect analysis (FMEA) and Six Sigma, and the findings and gaps in
the literature, we constructed a framework for ERP system implementation. In the fifth step, we
verified the framework using an application case. A series of trainings in VE, FMEA, Six Sigma, as
well as ERP were proceeded to make sure correct usages. As the framework is adjustable, we were
able to check it and improve it iteratively. The sixth step was to have a complete methodology
before conducting the project.

4. Theoretical framework of the VE-based ERP implementation method

In this section, we describe the development of a theoretical framework for implementing ERP
systems. We discuss how and why we decided to use VE and Six Sigma. An application case is
provided to describe the implementation processes and prove that the developed framework is
feasible. ERP implementation is a complex engineering process with a high failure rate. ERP
requires enterprises to use a holistic and innovative approach to assess added-value creation
processes to identify and solve problems. Moreover, the concept of traditional costing may not
be suitable for all ERP implementation situations because of the trade-offs between cost, time and
value. Therefore, in this study, we used value to replace both cost and time. We selected three
management tools and modified the traditional VE framework to develop a FMEA to form a VE-
based model. Figure 3 presents the framework. The model combines knowledge generation,
analysis, creation, development and execution phases to create higher value for enterprises
implementing ERP systems, which are detailed in the following subsections.
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Figure 3. Framework of the VE-based ERP implementation method.

4.1. Development of the theoretical framework of the VE-based ERP implementation
method

Our in-depth review of the relevant literature revealed that the development of a suitable
theoretical framework for ERP implementation is essential to every enterprise that plans to adopt
an ERP system. In this subsection, we describe in detail each phase in establishing a model for
reference by practitioners and researchers.

4.1.1. Knowledge generation

In Phase |, a cross-functional team (comprising decision-makers, key business operations personnel,
business function managers, IT department experts, human resource managers, financial planners,
internal consultants and software providers) was responsible for collecting all of the relevant
information (Step IA1). Next, all information that was relevant to the ERP system (e.g. software
modules, system architecture, vendors, implementation methodology, consulting company, refer-
ence projects and budget) was collected, recorded and evaluated (Step IA2). All of the ERP related
problems were measured quantitatively. Evidence from the reference projects was used to assist
the team in reviewing the CSFs for and barriers to ERP implementation. In addition, the Six Sigma
define-and-measure technique was used to provide a more structured approach to analyse each
decision perspective. By following these procedures, useful knowledge was generated for further
analysis.

Subsequently, the problems were quantified (Step 1A3) by using Equation 1 to calculate the
related costs, which comprise the sub-costs of ERP implementation (e.g. software, hardware,
installation, consultation, training, aftersales service, maintenance, upgrade, infrastructure, shot-
down and utility costs). The details of each factor were further quantified into a cost item, as shown
in Equation 2. For example, Equation 2 can provide further details of the function costs, such as the
cost of each software module or the hourly costs of training and consultations. When the ERP
implementation strategy and objectives were identified (Step 1A4), Phase | was complete.

Min.Y =>"y,,V, )
i
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where Yi = ZXJ, V,‘_j (2)
J

Y: total cost of ERP implementation
yi: sub-cost of ERP implementation
xj: cost of each item in the sub-cost

4.1.2. Analysis

In Phase Il, we evaluated the value of the ERP implementation activities. First, the VE study team
performed a Six Sigma analysis (Step IIA1) to identify the current system problems. Next, a fishbone
diagram (Step 11A2) was created to assist in group discussions on identifying which criteria were critical
to successful ERP implementation. We found that the failure rate of ERP implementation was high in
literature. Subsequently, the FMEA model (Step 11A3) was applied to predict and quantify the risk of
failure and identify critical points that might cause failure and affect the entire organisation. In
Equation 3, the risk priorities of the failure modes are expressed using the risk priority number
(RPN). Finally, the function analysis (Step 11A4) was performed, in which the knowledge generated in
Phase | was used to identify the key functions and determine their costs. This proactive approach to
failure prevention can avoid considerable financial loss to an enterprise.

RPN = Severity - Occurrence - Detection. (3)

The risk factors used in this study were the severity, occurrence and detection of failures before
they reach the customer. These risk factors were evaluated using a 10-point scale, with values
ranging from 1 (severity = no effect; occurrence = almost impossible; detection = almost certain) to
10 (severity = hazardous; occurrence = inevitable; detection = absolute uncertainty); thus, lower
values indicated more favourable conditions (Chin et al. 2009).

In Step 1lA4, the functions of each item were described using an active verb and a measurable
noun. An item can have multiple functions. For example, the items can refer to ERP modules,
implementation procedures or ERP implementation criteria. Equation 4 shows that the value index
VI equals the function cost divided by the function worth, where the function cost indicates the
actual cost, and the function worth is the minimal cost of performing that function. Thus, the
higher the value of VI the greater the potential for improvement. The value of each function in
Equation 5 was determined through team discussions. A function usually combines subfunctions
that make different contributions to the function. A team can use the analytic hierarchy process or
forced decision method to compare different subfunctions and find the weight for each. The
functional analysis system technique (FAST) is an effective tool for evaluating existing procedures,
structures and other objects, and was used as a problem-solving technique for identifying the
required functions in the system. Finally, when the key functions were identified, Phase Il was
complete.

viy = YiXC (4)
Bjj
where Z wyj =1,V (5)

J

i main procedures defined in knowledge generation, i = 1,2,...,/
j the function of each main operation, j = 1,2,....J

C; the function cost of each main operation

W;; weight of each function

Bjj the least cost required to perform the function
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v; value index for finding out the key functions

4.1.3. Creation

In Phase lll, the team members selected the key functions (Step IlIA1) of ERP implementation. The
solutions were formulated by creating ideas (Step IlIA2) based on the following guidelines: (a)
illogical thinking was encouraged; (b) unconventional thinking was applied to overcome resistance
to change; (c) planning or thinking logically was considered nonessential for producing insightful
solutions; (d) mental blocks were removed and personal inhibitions were disregarded; (e) imagi-
native thinking was encouraged; (f) team members assisted each other in formulating unusual or
abstract solutions; (g) team members encouraged each other and did not ridicule each other’s
suggestions and (h) ideas were accepted as potential solutions, regardless of whether they seemed
absurd when first proposed. Next, the team members applied various evaluative methods to
identify the most valuable solutions from the ideas selection (Step IlIA3). Based on those solutions,
the most appropriate ERP consultants were hired (Step llIA4).

4.1.4. Development

To facilitate managerial decision-making processes, Phase IV was designed to develop workable
alternatives (Step IVA1) based on the selected solutions. The development rules are detailed as
follows: (a) each alternative must be analysed thoroughly to ensure that the requirements are
fulfilled; (b) the appropriate technology must be selected; (c) the team members must prepare the
quotations, schedules and tests; (d) the team members must consider the necessity and effect of
modifying the design; (e) the proposed changes should facilitate harmonic human relations; (f) all
team members must be involved from the beginning of Phase I; (g) specific alternatives should be
developed and (h) persuasive materials should be prepared.

The training and consultation processes (Step IVA2) were divided into the following three
categories: (a) VE; (b) Six Sigma and (c) ERP. Because companies expect employees to learn and
perform new skills, we recommend that companies develop level-based training based on the
various organisational levels. The training was designed to target each Six Sigma role and the
various responsibility levels. The training sessions comprised master black belt training, black belt
training, green belt training, team training and champion training. The training was considered a
knowledge transfer process and the comprehensive training programme was both technical and
business-oriented. ERP system-related manuals were designed based on the diverse training
requirements of the participants (Tchokogué, Bareil, and Duguay 2005). The consultants provided
training regarding the ERP modules, and used their technical and organisational experience in
implementing ERP systems to assist in selecting, configuring and implementing the ERP system.

To maximise the benefits of implementing an ERP system, the business processes (IVA3),
organisational structure and culture, employee behaviours and business strategy must be aligned
with the model implicit within the ERP package.

Umble, Haft, and Umble (2003) indicated that enterprises must clearly recognise their strategic
goals and obtain managerial support before establishing their project management team. The ERP
system was selected (Step IVA4) based on the business strategies and operational requirements.
Before testing the hardware and software, enterprises must compare and adjust their operational
processes and ERP software to ensure that the software is suitable.

4.1.5. Execution

Phase V was designed to ensure that the value alternatives were executed and that the projected
benefits from the value study were realised. The processes are detailed as follows: (1) review the
preliminary report; (2) conduct an executive meeting to determine the disposition of each value
alternative; (3) establish action plans for the accepted alternatives and document the rationale for
rejecting the alternatives; (4) obtain management commitments for execution; (5) set a time frame
for reviewing and implementing each value alternative; (6) monitor the value achievements of the
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implemented alternatives; (7) sign off the deliverables; (8) validate the benefits from implementing
the system modifications and (9) ensure that the new practices become embedded by developing
and implementing an execution plan. To reflect the organisational features, the system was first
configured (Step VA1) based on all of the potential ERP system usage options, and then modified
by recoding the ERP system to perform specific business processes. Next, the ERP system was
deployed in a production environment to go live (Step VA2) by first activating the system, and then
migrating from the old to the new system. The results were tracked (Step VA3) to ensure that the
system was operating as intended.

4.2. Application of the theoretical framework of the VE-based ERP implementation
method

We conducted a case study on a global manufacturing enterprise with integrated and professional
capabilities in research and development and manufacturing. Initially, the case company’s products
were mainly television tuners and precision electronic components. Following steady growth, the
case company then diversified its products and services. To meet the market demand and expand
its business scope, the company’s products are developed primarily to meet the demands in the
optoelectronic (43%), information appliance (21%), consumer electronics (35%) and communica-
tions industries.

The management systems of the case company are internationally recognised and certified as
meeting the relevant quality and environmental management standards. Through the close collabora-
tion among the various plants located in Taiwan and China, the case company can provide flexible
production scheduling, and can adjust its production capacity to meet specific customer require-
ments. In addition to providing its customers with superior products and satisfactory services, as a
member of the global community, the case company is dedicated to developing green products and
conducting business in accordance with the existing environmental protection requirements.

The case company applied the value engineering and Six Sigma method to improve the
implementation of an ERP system. A project team was formed by members of the IT, finance,
procurement, manufacturing, industrial engineering and quality assurance departments and third-
party consultants. Some of the company’s main suppliers were invited to attend meetings when
needed, and several professors from various universities provided occasional guidance. One of the
authors, a certified value specialist, acted as a consultant for the value study. The team convened
weekly (8 hrs per week) to discuss the implementation of the ERP system, including knowledge
generation, analysis, creation, development, execution and implementation. Following are the
details of each phase.

4.2.1. Knowledge generation

The VE study team comprised members from various business units, including the company’s IT,
finance, procurement, manufacturing, industrial engineering and quality assurance departments
and third-party consultants. In addition to attending training courses with the consultants, we also
completed a 40-hr VE Module | training workshop. In Step IA1, the team collected a considerable
amount of information on ERP, VE and Six Sigma.

John et al. (2006) showed that knowledge-sharing during ERP implementation is based on
concepts such as truth, rationality, motivation, orientation, change, work, collaboration, control,
coordination, responsibility, focus and time horizon. The team acquired further knowledge from
the information and documents of ERP implementation. In Step IA2, the team studied numerous
SAP R/3 ERP modules, including sales and distribution, material management, production planning,
quality management, plant maintenance, human resources, finance and accounting, controlling,
fixed asset management, project system, workflow and industry solution.

After examining the information on ERP implementation, the team acquired the relevant knowl-
edge. For example, they defined ERP, identified the CSFs of ERP implementation and understood
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yl Choose vendor | x1
Implement ERPI I Software |*

Choose method | x2

Figure 4. Defined steps of Six Sigma of ERP implementation.
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Figure 5. Measure of Six Sigma of ERP implementation.

how Six Sigma can improve the quality of ERP processes. Figure 4 shows some of the defined steps
of Six Sigma for the ERP implementation process. Selecting the appropriate software is an essential
criterion for successful ERP system implementation. Figure 5 shows the measurable elements of the
ERP implementation criteria (e.g. the consultants’ measurements are adjusting systems, personnel
training and problem solving). Hardware improvements are also highly critical in successful ERP
system implementation. In Step IA3 the team used Equation 1 to calculate the financial losses
caused by the current system. The total annual loss from sales, work-in-progress (WIP) and
materials was approximately US$1 million. In Step 1A4, the team identified a failure in the case
company’'s ERP implementation strategy. Specifically, the function of integrating the current
information systems was no longer fulfilling the customers’ requirements. Thus, the company’s
production capacity, business processes and organisational structure required adjustment. The
company'’s objectives were identified as improving customer response times, increasing inventory
turnover and reducing WIP, inventory levels and operational costs.

4.2.2. Analysis

In Step IIA1, the project team applied Six Sigma analysis to identify the current system problems,
and a fishbone diagram (Step I1A2) was produced under the guidance of a quality manager from
the firm (Figure 6). The team identified the following four items affecting the ERP system imple-
mentation: (a) software (e.g. inflexible system design, non-integrated system design and defective
system design); (b) hardware (e.g. inadequate server size, high costs and obsolete technology); (c)
methods (e.g. poorly defined procedures) and (d) human resources (e.g. failure to understand the
system, unqualified staff and resistance to change).

Next, the team selected three critical elements (unqualified staff, non-integrated system design
and high costs) with quality-related problems. In Step lIA3, the company’s MIS department
manager guided the team in focusing on three critical quality items (i.e. information, system and
service quality). Based on the group discussions and the results of Equation 2, the four highest
potential failure modes were identified as (a) reliability problems resulting from poor information
quality, (b) timeliness problems caused by poor system quality, (c) reliability problems because of
inadequate service quality and (d) responsiveness problems resulting from poor service quality. To
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Figure 6. Fishbone diagram of the implementation of ERP systems.

resolve these problems, the company improved communications, provided additional staff training
and developed an incentive programme (Table 2).

Based on the acquired knowledge, the team identified three critical items (software, hardware
and consultation) for the function analysis. In Step IIA4, the items were described and the related
initial costs and values were calculated. Table 3 shows the function analysis results. The key
functions were identified as providing modules, printing outputs and accepting inputs. By applying
how and why logic, the team used the skills of value standard to produce a FAST diagram
(Figure 7). The diagram shows that the company’s ERP system implementation goals were increas-
ing efficiency and profits. The long-term functions were quality assurance and reducing costs. The
main functions were installing software, reconfiguring hardware and system consultation.

4.2.3. Creation

In Step llIA1, the VE team selected the key functions of ERP implementation. Next, various methods
were used in Step IIIA2 to identify solutions, and the team identified software and hardware as the main
areas requiring improvement. In Step IllA3, the most valuable solutions were selected. Service quality is
critical for the successful implementation of ERP systems. Conversely, new hardware can improve the
performance of the ERP system. Thus, the team was able to select from various solutions. The team
continued engaging in creative activities to identify various approaches to improving the ERP imple-
mentation process, and the most valuable solutions were selected by eliminating, combining, rearran-
ging and simplifying the various solutions. Finally, the group selected suitable consultants in Step IlIA4.

4.2.4. Development

In Step IVA1, the team used VE methods to screen the proposed solutions and select feasible
alternatives for further development. Invariably, using new technologies and developing new service
methods can increase efficiency, reduce costs and improve satisfaction. During this process, the final
executive plans were developed to persuade management to accept the final alternatives and execute
the Six Sigma improvement. Training and consultations with experts are essential tasks for successful
ERP system implementation. In Step IVA2, approximately 3,000 person-hrs were required to conduct
training courses and hold meetings on VE, Six Sigma and ERP to overcome technical complexity,
improve expertise and reduce organisational resistance to change. In Step IVA3, the case company
examined and then adjusted its logistical (inbound and outbound), operational and financial processes
to meet the needs of its customers. In Step IVA4, the case company decided to adopt T-Company’s
web-based ERP as its ERP system. After purchasing the source code, the case company’s IT personnel
modified the system to suit the company’s requirements. To increase software efficiency, a web-based
system was developed.
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Table 3. Function analysis of ERP implementation.
Function (A)

Sub item Verb Noun Kind Estimated initial cost (B) ~ Worth (C)  Value index (D) = (B)/(C)  Priority
Software Provide  Modules B $213,793 $109,500 2.0* 1
Process  Data S $366,014 $321,261 1.1 0
Hardware  Accept  Inputs B $102,930 $62,419 1.6* 3
Print Outputs S $127,681 $69,288 1.8% 2
Consulting  Adjust Systems B $37,321 $28,456 13 0
Train Persons S $6,360 $5,433 1.2 0
Solve Problems S $1,347 $1,674 0.8 ()

B = Basic function

* Significant

S = Subfunction

() Insignificant

RS = Required subfunction
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1
1
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Figure 7. FAST diagram for ERP implementation.

4.2.5. Execution

In this phase, the preliminary report was reviewed. Executive meetings were conducted to
determine the disposition of each value alternative to establish action plans for the accepted
alternatives. Subsequently, a commitment was obtained for system implementation, and a time
frame was set for reviewing and executing each value alternative. In Step VA1, the new ERP
system was configured based on the company’s requirements before deployment. In Step VA2,
a dual-system strategy was applied during deployment to ensure that the system would be free
of defects. In Step VA3, the value achievements of the implemented alternatives were mon-
itored and validated. An execution plan was developed and maintained to maximise the
benefits from implementing the new ERP system to ensure that the new practices became
embedded. The results of the project show that the case firm reduced its customer response
times and WIP by 30% and 50%, respectively, and increased its material turnover by 35%.
Table 4 and Figure 8 detail the results. However, the economic recession in 2009 affected the
WIP and material turnover.

Table 4. The results of ERP implementation of the case company.

2006 2007 2008 2009 2010 2011
Customer response time (Days) 7.8 6.6 5.4 4.6 36 2.8
WIP($) $4,169.0 $2,849.6 $2,102.2 $2,553.5 $4,298.7 $3,320.2

Turnover of materials (Times) 11.0 15.0 18.2 13.0 11.3 7.0
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Customer response time WIP(S) Turnover of material(Time)

(Day) $5,000.0 200

$4,500.0 18.0

2 $4,000.0 16.0
7 $3,500.0 14.0
6 $3,000.0 120
5 $2,500.0 10.0
a $2,000.0 80
3 $1,500.0 6.0
2 $1,000.0 4.0
1 $500.0 2.0
0 $0.0 0.0

2006 2007 2008 2009 2010 2011 2006 2007 2008 2009 2010 2011 2006 2007 2008 2009 2010 2011

Figure 8. Results of ERP implementation of the case company.

5. Discussion and implications

The framework proposed in this study was developed based on VE practices, Six Sigma techniques
and ERP implementation methodologies. The strengths of these concepts were combined to form
an innovative new model, using quantitative functional analysis and Six Sigma methods with five
phases comprising 19 steps to avoid mistakes in project implementation. A value creation mechan-
ism includes exchange, addition and synergistic integration constructs for improving the success
rate of ERP implementation. The framework of the proposed model comprised five phases (knowl-
edge generation, analysis, creation, development and execution). The proposed model was applied
to support ERP system implementation in a global manufacturing enterprise, and the results
revealed that the model was feasible. However, we did face many difficulties during those steps.
(1.) We confronted the change resistance from our colleagues. We had to set up more seminars to
communicate for commitment. (2.) Some implementing methods such as FMEA and Six Sigma
were challenged by some high ranking managers. More supportive evidences were collected for
future improvement. (3.) ERP selection was decided by team members during several value
evaluation meetings, which lasted for few weeks. And some other minor difficulties in the process
of the ERP implementation were solved immediately.

In industrial practice, the ASAP methodology is a mature framework for ERP system implemen-
tation. ASAP comprises four phases (the system implementation process, importing auxiliary tools,
training and support services and change management). In particular, the system implementation
process comprises five phases, which are detailed as follows. First, during the project preparation
phase, the project purpose is defined, the entire project is organised and a clear focus is estab-
lished. Second, during the business blueprint phase, the organisational structure and vision are set,
and a blueprint is developed to re-engineer business processes and clarify the benefits of using a
new system. Third, in the realisation phase, the system functions are set and confirmed based on
the business blueprint. Fourth, during the final preparation phase, the system is tested and the
system data are migrated in preparation for deployment. Finally, during the deployment and
support phase, the system is operational and continuously improved. The roadmap of SAP R/3
implementation is a sequential process that requires approximately 6-12 months to implement,
which is considerably shorter than the 2-3 years required for a standard SAP R/3 implementation
project. However, the ASAP methodology is not suitable for every implementation of ERP. Previous
studies have shown that the success of ERP implementation can be measured based on customer
satisfaction, organisational impact, anticipated improvements in business performance, current
profits and future business feasibility. After applying the proposed model, the performance of
the case company improved considerably with respect to customer response times, work-in-
process and material turnover.

The implications of this paper are divided into academia and industry. Looking from academia,
this paper developed and clarified an ERP implementing model by using VE and Six Sigma-based
methods. Past studies on ERP implementation have mainly focused on the customer satisfaction,
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organisational impact, anticipated improvements in business performance of ERP implementations,
but little attention has being given to the risk, quality and value management. The implications for
industry of this paper are to provide firms that would like to enhance their information systems
with a better understanding of the various ERP implementing practices that may be applied in their
firms. Moreover, the management team could also use the case study of this paper as an example
to review and identify areas where specific adjustments are required in their current ERP imple-
menting practices.

6. Conclusion

In this study, we proposed a VE- and Six Sigma-based model for implementing an ERP system.
Fishbone analysis, FMEA and function analysis were applied to identify key functions in implementing
ERP. Training, consultation and business process management were performed before selecting an
appropriate ERP software package. Finally, the ERP system was configured, deployed and then
monitored. The results revealed that by applying the proposed model, the customer response
times, work-in-process levels and material turnover improved considerably. Thus, the proposed
model is feasible, and may be suitable for adaptation to other fields to advance value creation. The
limitations of this study are that the problems of ERP implementation are highly complex.
Consequently, the proposed method cannot solve all problems associated with ERP implementation.
In addition, the proposed model only emphasises training, communication, software modification,
customer response time and material turnover. Future studies should consider focusing on techno-
logical advancements, such as faster multicore processors, solid state storage devices, virtualisation,
mobility, big data analysis, information modelling and cloud computing. Moreover, with the under-
standable concern about environmental issues brought on by global warming, the development of a
next-generation system for sustainable ERP could be an important focus of future research.
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