THE IDENTIFICATION OF CRITICAL BARRIERS TO PLM
IMPLEMENTATION

by
Kevin Del Re

A Thesis
Submitted to the Faculty of Purdue University
In Partial Fulfillment of the Requirements for the degree of

Master of Science

Department of Computer Graphics Technology
West Lafayette, Indiana
May 2022



THE PURDUE UNIVERSITY GRADUATE SCHOOL
STATEMENT OF COMMITTEE APPROVAL

Dr. Nathan Hartman

Department of Computer Graphics Technology

Dr. Jorge Dorribo-Camba

Department of Computer Graphics Technology

Dr. Nancy Rasche
Department of Computer Graphics Technology

Approved by:
Dr. Nicoletta Adamo-Villani



ACKNOWLEDGMENTS

| would like to thank my graduate advisor, Dr. Nathan Hartman for his expertise and
support throughout my graduate studies. 1 am grateful for the opportunities he has given me;

without his guidance | would not be where | am today.

I would like to thank my advisory committee, Dr. Jorge Dorribo-Camba and Prof. Nancy
Rasche for dedicating their time to be on my committee. Their contributions helped significantly

improve this research.

Finally, I would like to thank my family and friends, for all of the support they have given

me over the years. Without them I would not have made it through this process.



TABLE OF CONTENTS

LIST OF TABLES ...ttt sttt b ettt ne bt ne bt 6
LIST OF FIGURES ...ttt sttt e s e e e s e e e s nae e e snae e e nnaeeenneeean 7
LIST OF ABBREVIATIONS . ...ttt sttt srae e e sna e e e snae e e nsneean 8
Y 2 Y 29 O ISP 9
1 INTRODUCTION ..ottt sttt sttt bbb e s be st esesteneeneasennens 10
1.1 StatemeNnt OF PUIMPOSE ....c..oviiiiiiiiiciieeeee et 11
1.2 SHGNITICANCE. ..ottt bt bbbttt nb et st be e 12
1.3 RESEArCH QUESTIONS ... ..civiiitiiiieeitie ettt sree sttt e sbe e s be e st e e e be e sbeesrbeesbeeeabeesbeeenbeenreas 13
I N U 0] 0] ] SO P STSPRSN 13
ST I T 1T g =LA o] 1SS OPR T SPRRN 13
G 10 = U o] S SPUSTSRRRN 13
2  LITERATURE REVIEW ...ttt see st nnae e nna e e nnee e 15
2.1 WRAE IS PLIM? .ottt ettt neene e 15
2.1.1 A Short History 0f PLIM ....c.ooiiice e 16
2.1.2  THE PLIM CONCEPL.....etiitiitieiieiieie ettt bbbt 16
2.1.3  PLIM SYSTBIMS ...ttt 17
2.1.4  PLM SOIULIONS ...ttt sttt sttt ne e 18

2.2 BeNETItS OF PLIM ...ttt ettt eneas 18
N R o (=T (8 1o=To I O SR 19
2.2.2 An Improved Ability to Capture and Manage Product Data ...........ccccooereicicninnnnne 20
2.2.3 Increased CollabOration ...........ccovieiiiiiiiisie e 20
2.2.4 Improve Manufacturing OPerations ............ccceiveiieiieieeie e 20
2.2.5 Faster DeVEIOPMENT .......oiiiiiiiiee b 21
2.2.6 Better Business Decisions and RESUILS ...........cccevviiiiieiicie e 21

pZ0C T o IV Ao (o] o1 o o ISP 22
2.3. 1 SIME AQOPLION ...ttt ettt e re e e e e s raeere e 23
2.3.2  MAtUFILEY IMOOEIS ..ot 24
2.3.3 PLM Implementation Planning and REQUIrEMENIS..........ccccorvririniieiene e 25

2.4 The Barriers to Implementation ...........ccc.eoiieiiiiiic it 27



241 IMONELANY COSE ...eiiiiiiii ittt bbb e e e e b e e bb e e ane e e 28

2.4.2  TiME REQUITEMENT .....ecuiiiiieieeie sttt sttt ta e te e e te e be e e sreeneeenee e 29
2.4.3  Lack Of KNOWIBAGE. ......cueiuiiiieiieieie et 29
2.4.4  LaCK OF TTAINING ....oviiiiitiiiieiieee ettt b e 30
2.4.5 Organizational ChalleNges..........c.coviiiiiiie e 31
2.4.6  Complexity Of PrOQUCES ......c.cciiiieiice e 32
2.4.7 Lack of INteroperability ..........ccoooiiiiiiiiiiiieee e 33
2.4.8  SECUIEY CONCRIMS ...uvieiiiiiieieetiestee e eiee st e e see st ste s s e steebe s e sbeesteaneesbeenbeaneesreeeeenee e 34
2.4.9 ReSIStANCE t0 ChANQE ......ceeiviiie ettt e e nee e 34

P T 1V 1 011 T VPSPPSR 35

3 METHODOLOGY ..ottt ettt ettt et e stesteabeetaana e e e e e ssestestesseeneanens 36
3.1 Review of Barriers Identified in LItErature.........cccocveveiiereeiesiese e 37
K Ofo] | [-Tot o] g o) B D L - SRRSO TPTT USRI 38
3.3 Participant DeSCIIPION. ........cviiiiie ettt e e e sae e sreenas 39
K I 1 Y I PR 39
B0 MIMIDIE ... e e e nae e nes 43
4 DATA ANALYSIS ottt sttt et st neare e 47
4.1 Survey 1 - Barrier Confirmation ..........cccocveiiiiiiiece e 47
4.2 Survey 2 - Barrier Impact & Relationships..........ccoeieiiiiiiiiiiiieceee e 52
4.3 Determination of CritiCal BArTIErS .........cocveiveiiiiere et 54
5 DISCUSSION AND CONCLUSION .....coiiiiiiiiiiiiieese et 66
5.1 FULUIE WOTK ..ottt sttt sneeneeneas 75
] ]2 I @] 2 ¥ o o I 2SR 77
APPENDIX A SURVEY 1 - BARRIER CONFIRMATION ....ccoiiiiie e 81
APPENDIX B SURVEY 2 - BARRIER IMPACT & RELATIONSHIPS.........ccccoovviviirieiiens 87
APPENDIX C INITIAL RELATIONSHIP MATRICIES .......ccoviiiieesecese s 93



LIST OF TABLES

Table 1. The number of participants that showed belief regarding each of the identified barriersf.30
Table 2. Averaged barrier impact ranking from most impactful to least impactful. ................... 52
Table 3. Barrier impact ranked by standard deviation and variance............ccccocvveereneieesiennnnn 53
Table 4. Average Relationship MatriX.........ccooviieiiiiiiieiiie s 55
Table 5. Normalized Direct Relationship Matrix (DR) .........ccccooveiiiiiiiie i 55
Table 6. Total Relationship MatriX (T).....cceiveieiieie e 56
Table 7. The differences between barrier total impact and relationship value ............c..cc.cc.c....... 57
Table 8. Ordered Triplet sets of total relationship matrix relationship values.............c.cc.coovrnenne. 59
Table 9. Mean de-entropy for diSpatch NOUE SEL.........ccviieiieiiiiereee e 60
Table 10. Mean de-entropy for reCeive NOUE SEL.........ccceiveiieieiieiiee e 61
Table 11. Total Relationship matrix with critical relationships highlighted ...............cccccoeeenee. 64



LIST OF FIGURES

Figure 1. This figure showcases Saaksvuori’s (2011) five levels of PLM maturity..................... 25
Figure 2. This figure highlights Arthur D. Little’s PLM approach displayed by (Johansson et al.,
2003 ettt R AR R £ R e Rt R R R R e £ R e Rt R e R et e R et et e R et eRe e ete e tereneeras 30
FIGUIE 3. STUAY AP .ottt et e e te e esreesteeteeneenneeneean 37
Figure 4. Barriers Identified in LITErature.........cccocoeiieiiie e 38
Figure 5. Steps of The DEMATEL MEethod .........ccooovoiiii e 40
Figure 6. Steps of The MMDE AIQOIthM ......coiiiiiee e 45
Figure 7. The number of years of experience each participant has in the PLM space. ................ 48
Figure 8. The number of PLM implementations undertaken by participants...........cc.ccoccvevnennne 49
Figure 9. The number of participants that showed belief regarding each of the identified barriers.O
....................................................................................................................................................... 5
Figure 10. Impact relationship chart showing differences between barrier total impact and
FEIALIONSNIP VAIUE ...t st te e e s te et e s re e s beeteeneesaeeneeas 57
Figure 11. Dispatch Node Mean De-ENtropY .......ccccoveiiiiiiieieee e 62
Figure 12. Receive Node Mean De-ENtrOPY......cccociiiiiiiniiiiieiesie s 63
Figure 13. Impact-Relations Map from the DEMATEL method ...........cccooviiiiiiiiiencice 64
Figure 14. Critical barriers determined from the DEMATEL method ..........ccccccoovveiviiiicnnnne 65



LIST OF ABBREVIATIONS

CMM — Capability maturity modeling

CR — Customer Requirements

CRM - Customer Relationship Management
DEMATEL - Decision-Making Trial and Evaluation Laboratory
ERP — Engineering Resource Planning

ICT — Information and Communication Technologies
IRM — Inter-Relationship Map

ISP — Information System Plan

IT — Information Technology

MCDM - Multi Criteria Decision Making

MMDE - Maximum Mean De-Entropy

NPD — New Product Development

OEM - Original Equipment Manufacturer

PDM - Product Data Management

PLM — Product Lifecycle Management

QFD — Quality Function Deployment

SCM - Supply Chain Management

SME — Small to Medium Enterprise

SOA — Service Oriented Architecture



ABSTRACT

Product Lifecycle Management (PLM) is a well-known strategy used to improve business
and manufacturing operations. Even with the attractive benefits it can provide, many companies
struggle to successfully implement PLM solutions. This study proposes that this is due to a lack of
knowledge on the critical barriers that affect the implementation of PLM solutions, and that
reliance on the opinions of PLM professionals alone are not enough to create a successful
implementation plan. This study addresses these issues with following research questions, what
are the barriers to PLM implementation and is there a difference between those identified in
literature and those confirmed by professionals, is there a difference between barrier impact
rankings, based on professional opinion and those determined utilizing the DEMATEL method,
and what are the critical barriers determined using the DEMATEL method supplemented by the
MMDE algorithm? To answer these questions a series of two surveys were sent out to
professionals in the PLM space with experience working on PLM implementation projects. The
first of the two surveys was used to confirm the barriers that exist within the PLM implementation
process. The second of the two surveys was used to gather information on the perceived impact of
barriers and the causal relationships between barriers in the form of relationship matrices. To
analyze these matrices the DEMATEL method supplemented by the MMDE algorithm was used.
This study did not intend to provide absolute solutions to the critical barriers identified in this
study, rather it intended to increase the success rate of PLM implementations by, confirming the
barriers identified in the literature, providing information on the relationships between the barriers
to PLM solution implementation and determine which of the barriers can be considered critical.
Following these results of this study, the DEMATEL analysis method may supplement existing
PLM implementation frameworks allowing companies to identify the critical barriers to
implementation, allowing for better allocation of resources and ultimately a more successful PLM

implementation.



1 INTRODUCTION

In an increasingly digital world Product Lifecycle Management (PLM) presents many
unique benefits to companies that can successfully implement a PLM solution into their business
practices. A review of literature highlighted benefits such as reduced costs, an improved ability to
capture and manage product data, increased collaboration, improved manufacturing operations and
better business decisions. Many companies large and small are attempting to implement PLM
solutions to realize these attractive long-term benefits, which stem from the inherent ability PLM
has to organize the complexity that comes from the development and support of products today
(Brown, 2016). The adoption and implementation of a PLM solution is becoming increasingly
important if a company plans to remain competitive as the world becomes more globalized and
products become more customized (Erasmus & Jacob, 2015). This makes a PLM solution a
requirement for companies that are looking to enable cross-functional collaboration and innovate
utilizing data that are captured throughout a product’s lifecycle (Johansson et al., 2013). With these
developments it is not surprising that companies are attempting to implement PLM solutions.
Unfortunately, Johansson et al. (2013) found that “most PLM initiatives fail, not due to a lack of
capabilities in the software but is rather an effect of how the PLM projects are scoped and
implemented”. Johansson et al. (2013) go farther by claiming that even when an implementation
does not fail, “70% of PLM investments fail to meet management’s expectations”. Interestingly
Rangan et al. (2005) found that despite the high level of failure, “PLM deployment and
implementation issues are not seen as interesting by the current research community”.
Consequently, there have been few studies that explore a comprehensive list of the barriers that
companies face when implementing PLM solutions. These studies focus on a single company or a
very specific area of manufacturing and either a few of the more commonly seen barriers or merely
acknowledge that there are barriers to the implementation process. Some of the only studies to
directly investigate the barriers to the implementation and use of PLM solutions were conducted
by Arendt (2008), Koomen (2018) and Singh and Misra (2018-2019) in the past few years with
Singh and Misra (2019) conducting a study on the barriers critical to PLM institutionalization.
While their findings are useful for the basis of a list of commonly found barriers to PLM
implementation Arendt (2008) and Koomen (2018) focus exclusively on barriers that SMEs face

and assume that their findings can applied to larger companies without exploring the relationships
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between barriers. Through various journal articles Singh and Misra (2019) compiled a list of
barriers to PLM institutionalization and utilizing the causal relationships between barriers
identified by the DEMATEL method determined the critical barriers within their list. While a great
start to the investigation of the barriers to PLM implementation according to Singh and Misra
(2018b) their discoveries focused on the institutionalization of PLM and “were limited to
manufacturing industries based in India”. This distinction allows the use of their research
methodology to explore the critical barriers to PLM implementation. This study follows the
DEMATEL method utilized by Singh & Misra (2019b) in their study of the critical barriers to
PLM institutionalization in India, builds off the barriers identified in various studies and aims to
confirm the existence of these barriers with professionals within the PLM space. This research
intends to increase the success of PLM implementations by providing a list of the confirmed
barriers to PLM implementation, and through the use of the DEMATEL method supplemented by
the MMDE algorithm, determine the critical barriers to the implementation of PLM solutions and
utilizing the resulting impact relationship map (IRM) create an allocation framework to address
the confirmed barriers. Ultimately, providing additional information and guidance to better address
barriers during the implementation process. This study does not intend to solve or provide solutions
to the confirmed or critical barriers. Rather it intends to increase the success rate of PLM
implementations by providing additional information on which barriers are prevalent within PLM
implementations and determining which of these barriers are critical to the implementation of PLM

solutions.

1.1 Statement of Purpose

When implementing a PLM solution there will be barriers that are encountered. These
barriers if not addressed correctly, can result in a failure to achieve implementation goals, leading
to a company not fully realizing the benefits that a PLM solution can offer. In the literature
surrounding the implementation of PLM solutions many different barriers, in many different
studies were identified. However, there was not an agreed upon collection of which of these
identified barriers present themselves during the implementation process. The purpose of this study
is to confirm which of the identified barriers are faced during the implementation of PLM
solutions, and by utilizing causal relationship matrices in the DEMATEL method and a calculated

threshold value from the MMDE algorithm, determine which of the confirmed barriers are critical
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to the implementation of PLM. Following the impact relation map (IRM) created from the
DEMATEL method and MMDE algorithm, a framework to properly address the critical barriers
can be created.

1.2 Significance

With the continued rise of Product Lifecycle Management adoption and implementation,
it is becoming increasingly relevant for companies to begin creating and integrating their own
PLM solutions. Even though the concept of PLM is not a new and has been around for a over 30
years there are still many unresolved issues that companies face when beginning to implement
PLM solutions into their businesses. For a concept that has very well studied and documented
benefits, it is surprising that many PLM implementation projects fail. With authors such as Singh
et al. (2019a) arguing that no academic research identifies the critical barriers of organizations face
when adopting PLM, or as Kung et al. (2015) states the “previous research fails to investigate
adaptation problems among management intervention, the usage model, and the need to fulfill
KPIs”. This issue is exacerbated by existing studies focusing solely on larger manufacturing
companies leaving many of the issues faced by SMEs ignored (Singh & Misra, 2018a; Koomen,
2018; Silventoinen et al., 2009). Current literature on PLM is focused on large companies with
ample resources, and their processes. In the literature surrounding SMEs, the PLM aspect of
business processes has been an increasingly interesting topic, but the research is still scarce (Singh
& Misra, 2018a). Without a change in how PLM solutions are implemented the high rate of project
failure will remain. The identification of the barriers faced, and subsequent determination of which
barriers are critical to success, is the first step to improve how PLM solutions are implemented to
reduce the project failure rate. Without a determination of critical barriers, many PLM
implementation projects may continue to incorrectly allocate the resources needed for a successful
outcome. It is important to note that this research does not intend to present concrete solutions to
the determined critical barriers. Rather it intends to showcase how barrier impact determined by
professional opinion alone is inaccurate, and an additional process is required to accurately
calculate a barriers impact and ultimately determine which barriers are critical to the success of a
PLM implementation project. If a discrepancy between barrier impact identified by professionals
and impact determined through the use of the DEMATEL method supplemented by the MMDE
algorithm can be proven, it can then be proposed that the DEMATEL method itself can be
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integrated within existing PLM implementation frameworks allowing companies to better
determine the impact of each barrier and which are critical to their implementation, ultimately

allowing for better allocation of resources and a more successful PLM implementation project.

1.3 Research Questions

This study addresses the following research questions:
1. What are the barriers to PLM implementation and is there a difference between those
identified in literature and those confirmed by professionals?
2. Is there a difference between barrier impact rankings, based on professional opinion and
those determined utilizing the DEMATEL method?
3. What are the critical barriers determined using the DEMATEL method and the MMDE
algorithm?

1.4 Assumptions

The following assumptions will be made during this study:
1. Participants have professional level knowledge of Product Lifecycle Management and its
implementation.
2. Participants will be able to complete the survey or interview completely.
3. Participants will provide honest responses.

1.5 Delimitations

The following delimitations will be made during this study:
1. This study is limited to using the DEMATEL method and does not utilize other MCDM
techniques.

2. This study does not present concrete solutions to the confirmed or critical barriers.

1.6 Limitations

The following limitations will be made during this study:
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. This study is limited by the participants willingness and their ability to complete the survey,
honestly and to the best of their abilities.

. This study assumes that participants are confident in the answers that they provide.
Qualtrics Survey Software will be the only tool used to create and administer to the survey.
. The small sample size for this study does not allow for the findings to be generalized the

larger PLM community, specific enterprises, or enterprise areas.
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2 LITERATURE REVIEW

2.1 Whatis PLM?

The general idea of PLM is very well known amongst companies and scholars alike.
Githens (2007) and Grieves (2006) define PLM as an “integrated, information- driven approach
comprised of people, processes/practices, and technology to all aspects of a product’s life”.
According to Erasmus & Jacob (2015) and Karkkainen et al. (2012) the general concept of product
lifecycle management (PLM) is inherently focused on the management of data, information and
knowledge combining enterprise-wide product and process innovation. PLM as described by
Batenburg et al. (2006), Johansson et al. (2013), Singh and Misra, (2019b) and Stark (2005) is the
systematic approach of managing a company’s products, as well as all information related to these
products, across the complete lifecycle, from the early stages of conception through design and
manufacturing, to service and disposal or recycling of the product. This activity of managing a
company’s products all the way from “cradle to grave” enables companies to efficiently take
control of their products when they would otherwise not be able to do so Bokinge & Malmgvist,
(2012). Encompassing the entire lifecycle of a product not only includes the data related directly
to the product, but also the product lines, the technologies used, the organizational structures, the
operational processes, the development methods, and human resources along every phase of the
products lifecycle (Duigou et al., 2011; Grieves, 2006; Messaadia et al., 2016). Lee et al. (2008)
combine all of these ideas to state that the “concept of PLM provides a definition of a completed
product including all information and processes required to plan, develop, manufacture and
support the product from concept through the end of its life integrating people, processes, business
systems, and information”. An important development that has enabled PLM is that of Information
and Communication Technologies (ICTs). Any technology or system that allows a company or
business to effectively manage the communication of information internally and externally can be
considered an ICT. ICTs are one of the ways to increase productivity. The abilities of ICTs and
their benefits have been realized by many larger companies and are beginning to penetrate the
SME market Messaadia et al. (2017). Hewett (2010) states that he “considers PLM as an innovative
ICT solution for SMEs”, PLM benefiting from ICTs is accepted by other researchers such as
Grieves (2006), Lee et al. (2008), Singh and Misra (2019b) and Stark (2015). However, they make
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the clear distinction that the concept of PLM itself is not an ICT but is enabled by ICTs in the form
of PLM systems. The distinction between the concept of PLM and PLM systems are two areas that
need to be addressed to appropriately explain what a PLM solution constitutes.

2.1.1 A Short History of PLM

According to Zammit et al. (2017) PLM with the tools and methods we know today
“emerged in the early twenty-first century to manage the knowledge intensive process consisting
mainly of market analysis, product design and process development, product manufacturing,
product distribution, product in use, post-sale service, and product recycling”, however the ideas
behind PLM existed long before that. Before the advent of comprehensive PLM solutions
companies where still using methods of organization and accompanying software to help manage
their activities. Some of the most prevalent of these were engineering data management, enterprise
resource planning and product data management systems (Srinivasan, 2011). There are key
differences between each of these systems, but they all contributed to the evolution of PLM. Before
1990 these systems fell under the engineering data management umbrella, and they almost solely
focused on users in the engineering department. Once the focus of the management system
extended to other departments like production and purchasing, the name changed to Product Data
Management (PDM) (Pels and Simons, 2016; Hewett, 2010). According to Pels and Simons (2016)
“after 2000 the functionality that the software offered was further extended to support users in
research and development, marketing and service and to support engineering collaboration with
codevelopers in the supply chain. Consequently, the current name was introduced: Product
Lifecycle Management”. This need to extend the data gathered and supported originated in the
aerospace and automotive industries which created a need for PLM as their products have long
lifecycles which generate an immense amount of data that can be incredibly difficult to manage
(Singh and Misra, 2018b).

2.1.2 The PLM Concept

It is important to make clear that PLM is more than just a collection of software that has
been implemented into a company. It is an organizational, technology based, business approach to

running company activities and it requires the managing of products over their lifecycle, starting
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with capturing new product ideas and controlling the product portfolio management, following
with capturing all product definition data and extending to capturing the definitions of all life cycle
processes and monitoring customer satisfaction (Pels & Simons, 2016; Erasmus & Jacob, 2015).
The concept implies structural, cross-functional and long-term cooperation between actors in and
outside the firm (Batenburg et al., 2006). “PLM is not an IT investment. PLM is the transformation
of product development” Mr. Brian Shepherd, Executive Vice President PLM & SCM at PTC.

2.1.3 PLM Systems

One of the key enablers of a successful PLM implementation is a PLM system, yet many
companies may mistake these systems for the entire concept of PLM, without modifying their
organization to truly realize the benefits. “PLM systems have been recognized as a solution to
support collaborative creation, management, dissemination and use of product assets including
data, information and knowledge across extended enterprise, integrating people, processes and
technologies” (Ming, et al., 2008; Urbinati et al., 2017). PLM solutions are supported by business
IT tools that enable the PLM concept (Singh et al., 2019; K.-H. Kung et al., 2015). A PLM system
builds a singular data structure by consolidating different systems and technologies into one
enterprise-wide implementation (Urbinati et al., 2017). These systems often take the form of a
software suite, utilizing integrated data and process meta models which are organized around an
enterprise-wide database (Abramovici, 2007). “These databases contain all product definition
related data, like requirements, calculation, 3D product models, test results, digital manufacturing
models, marketing documentation, service documentation, service quality data etc.” (Pels &
Simons, 2016). This centralized database helps to support coordination and fast communication of
product definition information from one business solution to another (Pels & Simons, 2016; K.-H.
Kung et al., 2015). Many different types of engineering information software comprise PLM
systems, the main areas that these systems cover are technologies that support design activities,
knowledge management systems, project management and workflow management tools and
technologies to support relations through the supply chain. (Stark; Cantamessa et al., 2012). These
technologies can include computer-aided design, computer-aided manufacturing, computer-aided
engineering, enterprise resource planning, product data management, workflow management,
production planning and customer relationship management (Koomen, 2018; Srinivasan, 2011,

Penciuc et al., 2014). These systems are deployed within companies to support product data
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structuring and management throughout the product development process. They manage
information through document life-cycle management and especially product data evolution using
predefined workflows (Liu and Xu, 2001; Pol et al., 2008).

2.1.4 PLM Solutions

When the concept of PLM becomes enabled by a PLM system, it then becomes a PLM
solution. The concept of PLM is enabled by a PLM system, which itself is a combination of
business processes, methods, engineering applications and product data management systems”
(Bokinge & Malmqvist, 2012; Singh & Misra, 2018b). A complete PLM solution includes a
combination of the right technology, appropriate features, best practices approaches, and focused
implementation methodologies (CIMdata et al., 2004). A reference or two here about enterprise
architecture may not be a bad thing.

2.2 Benefits of PLM

The reason that many companies large and small are attempting to implement a successful
PLM solution is the very attractive long-term benefits from the use of these solutions. PLM helps
to organize the complexity that results from today’s products and their development (Brown, 2016).
The implementation of PLM into a company is becoming increasingly important if a company
wishes to remain competitive as the world becomes more globalized and products become more
customized (Kroes et al., 2009; Erasmus & Jacob, 2015). This makes PLM a requirement for
companies that are looking to enable cross-functional collaboration and innovate utilizing data that
is captured throughout a products lifecycle (Johansson et al., 2013). However, there is some
discussion on when the benefits are felt by companies that utilize PLM. Alemanni believes that
the benefits can be divided into short-term and long-term benefits (Alemanni et al., 2008). While
others believe that PLM benefits are difficult to measure and cannot be easily transferred into
monetary benefits (Silventoinen et al., 2009). This results in a wide variety of benefits that result
from the implementation of PLM. The major benefits of PLM implementation from a variety of
articles are listed below:
e Reduced Costs (Barba-Sanchez et al., 2007; Erasmus & Jacob, 2015; Johansson et al.,
2013; Singh & Misra, 2018; Stark, 2011)
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e An improved ability to capture and manage product data (Erasmus & Jacob, 2015;
Garetti et al., 2005; Githens, 2007; Messaadia et al., 2016; Stark, 2011; Sudarsan et al.,
2015; Urbinati et al., 2017)

e Increased collaboration (Barba-Sanchez et al., 2007; Erasmus & Jacob, 2015; Johansson
etal., 2013; Kung et al., 2015; Lee et al., 2008; Messaadia et al., 2016; Silventoinen et al.,
2009; Sudarsan et al., 2015; Urbinati et al., 2017).

e Improved manufacturing operations (Batenburg et al., 2006; Brown, 2016; Cimdata,
2002; Erasmus & Jacob, 2015; Hartmann, 2005; Lee et al., 2008; Messaadia et al., 2016;
Stark, 2005, 2011)

o Faster development (Batenburg et al., 2006; Cimdata, 2002; Erasmus & Jacob,
2015; Githens, 2007; Kung et al., 2015; Lee et al., 2008; Messaadia et al., 2016;
Silventoinen et al., 2009; Stark, 2005).

o Higher product quality (Messaadia et al., 2016; Silventoinen et al., 2009).

e Better business decisions (Burden, 2003; Erasmus & Jacob, 2015; Lee et al., 2008;
Silventoinen et al., 2009; Stark, 2011; Urbinati et al., 2017)

o Lower cost of ownership (Lee et al., 2008).

o Better business results (Batenburg et al., 2006; Cimdata, 2002; Erasmus & Jacob,
2015; Johansson et al., 2013; Stark, 2005, 2011; Urbinati et al., 2017)

2.2.1 Reduced Costs

The implementation and utilization of a PLM solution within an enterprise can reduce the
costs associated with everyday business operations such as portfolio management, product support
and recalls (Erasmus & Jacob, 2015). PLM can also greatly reduce the cost of manufacturing
efforts over a products lifecycle (Barba-Sanchez et al., 2007; Singh & Misra, 2018). These
manufacturing efforts can take many forms such as product development, product maintenance
and product disposal. According to Erasmus & Jacob (2015) and Stark (2011) PLM can “decrease
product maintenance costs by up to 50%”. With the increased structure and organizational capacity
that comes with a successful utilization of PLM the cost of transactions between different
businesses and between a business and their consumers can decrease significantly (Barba-Sanchez
et al., 2007). This reduction in costs can affect a company’s top and bottom line by increasing

profits and reducing costs (Johansson et al., 2013).
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2.2.2 An Improved Ability to Capture and Manage Product Data

One of the greatest challenges that companies of all sizes face today is how to manage the
immense amount of data that is generated for each and every product. The implementation of a
PLM solution allows a company to integrate the information from every stage of a products
lifecycle, both managerial and technical, into one standardized database improving the ability to
manage and utilize the collected data (Erasmus & Jacob, 2015; Stark, 2011; Sudarsan et al., 2015;
Urbinati et al., 2017). Systematically organizing this data and a single standardized procedure to
store and access this data from a product’s lifecycle allows for better control, better access and less
confusion when looking through a massive amount of data (Garetti et al., 2005; Messaadia et al.,
2016). This results in better access to all related files and allows for the management of data
gathered after a product leaves the factory doors which according to Grieves is the potentially
greatest benefit that PLM provides (Githens, 2007).

2.2.3 Increased Collaboration

The use of PLM allows for a company to effectively communication with many different
groups internally and those spread around the globe, increasing the access to ideas and information
to develop new products (Johansson et al., 2013; Kung et al., 2015; Lee et al., 2008; Messaadia et
al., 2016). This allows for companies to utilize distributed development and enables the
communication and sharing of data with customers, suppliers, developers and other manufacturers
(Erasmus & Jacob, 2015; Silventoinen et al., 2009; Sudarsan et al., 2015; Urbinati et al., 2017;).
In addition to allowing increase collaboration the use of PLM can increase the speed and reliability
of transactions between businesses and consumers (Barba-Sénchez et al., 2007). This usage of
PLM “not only brings together all the parties involved with the realization of the product, but it
also offers the producer of the product the opportunity to provide its customers with after-sales

services” (Erasmus & Jacob, 2015).

2.2.4 Improve Manufacturing Operations

PLM can improve manufacturing operations as Lee et al. (2008) explains by allowing
“enterprises to plan, measure, and track equipment availability, operation, safety, and

maintenance”. According to Brown (2016) this increase in the ability to plan helps to organize the
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“complexity of product innovation, product development, and engineering resulting from today’s
complex products and product development landscapes”. This stems from the single version of
truth that PLM provides regarding a product (Erasmus & Jacob, 2015; Stark, 2011). It can also
reduce the risks associated with product development resulting in minimized manufacturing costs
(Erasmus & Jacob, 2015; Messaadia et al., 2016; Stark, 2011). This can also result in the reduction
of waste throughout a product’s lifecycle (Hartmann, 2005; Lee et al., 2008). Compiling articles
from Batenburg et al. (2006), Cimdata (2002), and Stark (2005), this reduction in waste stems from
a lower amount of product faults and higher efficiency and according to Messaadia et al. (2016) a
“more effective re-use of product parts, and disposal of products”. In addition to management of
product data PLM allows a company to monitor its products regardless of where it is in the
lifecycle, allowing for better control and support of products in production (Erasmus & Jacob,
2015).

2.2.5 Faster Development

The increase in structured communication, data storage, and the easy and fast
dissemination of knowledge, documents and expertise that embody PLM systems allows for the
faster development of products (Silventoinen et al., 2009). This increase in development speed can
be attributed to the increased product design efficiency and the usage of virtual representations of
physical products that PLM offers (Githens, 2007). This results in a “shorter time to market, fewer
engineering changes late in the lifecycle and less product faults” (Batenburg et al., 2006; Cimdata,
2002; Stark, 2005;). These increases in product development speed can turn weeklong endeavors
into something completed in days (Silventoinen et al., 2009). The integration of all data sources
for a product into one central system help to minimize any difficulties created during design
changes (Kung et al., 2015). This further can reduce the time to market by additionally integrating

chain management and procurement (Lee et al., 2008).

2.2.6 Better Business Decisions and Results

The utilization of PLM allows for companies to better make decisions related to their
products and their direction moving forward. This ability to make decisions comes from PLM

allowing a company to have complete control their products data even after they leave the
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companies doors (Erasmus & Jacob, 2015). PLM allows for there to be “One version of truth”
(Erasmus & Jacob, 2015; Stark, 2011), this is enabled by a single system that supports and records
all of the data a company would need, as Urbinati et al. (2017) states “so that people see the right
information at the right time, and in the right context”. In addition to storing and allowing access
to specific data, PLM allows for the portfolio management and the usage of analytics to better
organize data in order to make a more informed decisions (Burden, 2003; Lee et al., 2008;
Silventoinen et al., 2009). Utilizing the inherently modular approach of PLM systems a solution
can be gradually expanded to meet changing needs (Lee et al., 2008). With all of the business
benefits that PLM offers it ultimately results in better business results as Urbinati et al. (2017)
states by “maximizing the lifetime value of business’ product portfolio”. This results in increased
profits (Batenburg et al., 2006; Cimdata, 2002; Stark, 2005), sometimes up to a product revenue
increase of up to 30% (Erasmus & Jacob, 2015; Stark, 2011). The structured nature of PLM ends
up “affecting both the companies’ top and bottom line”” (Johansson et al., 2013). Resulting in more

informed decisions that lead to better business results.

2.3 PLM Adoption

With all of the benefits PLM provides it is understandable why many companies large and
small are attempting to adopting PLM into their business. There are two key types of adoption that
both need to be reached for a successful implementation of PLM to occur: individual and
organizational adoption. Individual adoption focuses on how a user interacts with a new
technology and how the way they work changes to fit into a PLM paradigm. Organizational
adoption is the more commonly thought of aspect of adoption where a company analyzes different
technologies and decides which of them to implement into their company environment (Messaadia
et al., 2017). It is important to note that these adoptions of PLM are mainly happening in groups
such as engineering and research and development that would traditionally use engineering
technologies and these users are using are often using PLM systems as extensions of PDM instead
of a full way of operating (Abramovici and Sieg, 2002; Rachuri et al., 2005; Lee et al., 2008; Schuh
etal., 2008; Singh & Misra, 2019b). Pels & Simons (2016) claim that “on average 40% of all R&D
employees use PLM with the usage of PLM in sales, marketing, finance and service is still very
limited. With external customers and suppliers not having access to the PLM systems”. The level

of adoption of PLM systems can vary greatly between different countries and different types of
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companies. Abramovici (2007) stated that “only 8% of companies have a clear PLM vision and
extensively implement PDM/PLM systems”. While there are no complete numbers for the
percentage of global adoption today, Saaksvuori (2011) stated that a study of PLM adoption in
Finland in “August 2010 showed that 70% companies in Finland employing more than 500 people
have already invested in a PLM solution. In addition, 17% consider the issue or they have a
deployment in progress. Overall, this makes the total adaption rate almost 90%”. Showing that
there has been a huge wave of PLM adoption in certain places. The most extensive adoption of
PLM solutions has taken place in larger, global corporations that mainly focus on automotive and
aerospace industry, with some electronics companies beginning adoption (Saaksvuori, 2011). This
can be partially attributed to the special preset templates that are available for the automotive,
aerospace and machinery industries. PLM concepts can also be utilized in other sectors such as
construction, transport, pharmaceutical, textile, chemical, life sciences or medical technology
industries (Abramovici, 2007; Batenburg et al., 2006). Most of this adoption has been taking place
in large firms, but SMEs have also begun to experiment with PLM adoption (Singh & Misra,
2019a).

2.3.1 SME Adoption

While large companies are ahead in the adoption and implementation stages of PLM the
awareness that small companies have of these concepts is surprisingly high (Pels & Simons, 2016).
Even though the awareness levels are very high, and that the adoption of PLM can be a source of
competitiveness and sustainability (Messaadia et al., 2017). SMEs often do not feel the need to
implement and utilize PLM in the way that larger companies would (Arendt, 2008; Messaadia et
al., 2016). This reluctance to adopt PLM can be related to how these systems may not meet the
needs of SMEs (Duigou et al., 2011). This would require either the system or the SME to undergo
immense changes to properly implement a PLM solution. This idea of incompatibility is supported
by Poe et al. (2008), who explains how SMEs have a very different way of completing
collaborative projects than larger companies. This is further explained by the smaller structure of
SMEs which could result in a non-standard method of project management that combines various
roles that would normally be separate. This allows SMEs to be incredibly flexible during product

development and results in each product’s development being different (Pol et al., 2008).
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2.3.2 Maturity Models

A keyway the readiness of a company can be determined is through the use of maturity
models. Kérkkdinen et al. (2012) remark that PLM maturity model “be used to make the
implementation of PLM better approachable and a more carefully planned and coordinated
process”. The idea of PLM maturity is highly applicable as a company that scores highly on
maturity sees results closer to originally targeted goals, and improved effectiveness of an
implementation (Kérkkainen et al., 2012). Pels & Simons (2016) describe how the level of PLM
adoption can be measured along five dimensions with a four-level scale for each of the dimensions.
These dimensions are strategy and policy, monitoring and control, organization and process,
people and culture, and information technology. The four-level scale is comprised of, when
necessary, department, organization, and inter-organization (Pels & Simons, 2016). Stark’s PLM
maturity model categorizes four different stages traditional, awakening, adapting, and modern.
These stages can be matched up with Pels & Simons four level scale of rating for each area of
adoption (Stark, 2015). The origin of this maturity model relies on the idea of phases or stages,
which a company must overcome as it as it “adapts to new cultural issues, processes, management
practices, business concepts, and modes of operation” (Silventoinen et al., 2009). Saaksvuori (2011)

provides the following maturity model:
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Saaksvuori

Y] maturity model

Unstructured

[The PLM topic has been recognized and its importance agreed. Work must be done to define

land develop the PLM concept and standards. However, at present, there are no defined
pproaches concerning lifecycle management; all lifecycle and product management issues
re resolved by individuals on a case-by-case basis.

Repeatable but
intuitive

Lifecycle and product management processes have developed to the stage where similar
procedures are followed by different people undertaking the same task within one
lorganization (i.e. the processes function on ad hoc bases, corporate wide procedures or
[definitions do not exist). There is no formal development, definition, training, or
lcommunication of standard processes; all responsibility is left to individuals. There is a high
[degree of reliance on individual knowledge and therefore errors occur.

Defined

Processes and basic concepts are standardized, defined, documented, and communicated
through manuals and training (on corporate level, in all business units — geographical,
functional units). However, the human factor is important, there is no end-to-end PLM
process supporting IT systems, all work is completely or partially manual from the process
point of view. IT systems support individual parts of processes. The PLM processes or basic
PLM concepts are not best-of-the-breed, nor are they uniform throughout the corporation,
however they are formalized. There is common understanding of the to-be model how PLM
shall be executed in the future.

Managed and
measurable

It is possible to monitor and measure the compliance between processes and to take action
lwhere processes are not functioning well. Processes and concepts are under constant
improvement and provide best practices. IT systems support PLM processes well. Process
Jautomation is used in a partial or limited way. Processes and concepts are developed through
clear vision throughout the corporation. The state of uniformity of processes is clear.

Optimal

Processes and concepts have been refined to the level of best practice, based on continuous
improvement and benchmarking with other organizations. IT is used in an integrated manner
land process automation exists on an end-to-end basis.

Figure 1. This figure showcases Saaksvuori’s (2011) five levels of PLM maturity.

There are many different maturity models each with different levels and ideas, but the result
of their application is clear. If companies wish to implement and utilize PLM effectively, they need
to show that they have the maturity to do so. Without an understanding of PLM maturity, many

companies will be unable to effectively identify requirements or create the comprehensive plans

necessary for a successful implementation.

2.3.3 PLM Implementation Planning and Requirements

Once the decision to implement a PLM solution is made, the arduous task of realizing a
successful transformation begins. PLM implementations are complex and are no easy feat due to

the immense organization changes that are required to reap the benefits of PLM. Often resulting
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in the scope of a PLM implementation being considerably large as Erasmus & Jacob (2015) states
“because it spans the complete lifecycle of a product and therefore affects a wide range of
processes within and outside the company”. CIMdata et al. (2004) and Stark (2011) list the scope
of PLM as including:

1. Managing a well-structured and valuable product portfolio.

2. Improving the financial return from the product portfolio.

3. Providing control and visibility over products throughout the lifecycle.

4. Managing product development, support and disposal projects effectively.

5. Managing feedback about products from customers, products, field engineers and the
market.

6. Enabling collaborative work with design and supply chain partners, and with customers.

7. Managing product-related processes so that they are coherent, joined-up, effective and
lean.

8. Capturing, securely managing, and maintaining the integrity of product definition
information. Making it available where it’s needed, when it’s needed.

9. Knowing the exact characteristics, both technical and financial, of a product throughout

its lifecycle.

It is recommended to take these implementations in a stepwise approach to avoid overwhelming
an organization (Bokinge & Malmqvist, 2012; CIMdata et al., 2004). Erasmus & Jacob, (2015)
recommend “conducting a pre-study before system selection, securing benefits for all stakeholders,
establishing user involvement and top management support, improving processes before or
simultaneously with the project, and performing a pilot study before doing a full implementation.”
These preemptive steps can go a long way to identify problems and create solutions long before
they become problems that could plague a PLM system. Hewett (2010) echoes this sentiment
stating that “it is critical that the objectives and expectations are properly determined and
documented, the program is formally managed and the potential impact on the operations is well
understood”. According to Cantamessa et al. (2012) even after these steps are taken there is “a gap
that always exists between the desired processes and the available support from the system”. This
results in two outcomes, the system being implemented needs to be customized to support a desired
process or the process itself needs to be changed to fit within the system (Cantamessa et al., 2012;
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Saaksvouri and Immonen, 2005). Hartman and Miller (2006) remark that even though the
prepackaged functionality is extensive, it is not sufficient as these systems have often been scaled

down and would not work out of the box.

2.4  The Barriers to Implementation

To identify which barriers are critical to PLM implementation, the barriers must first be
identified. This section will cover the barriers that were discovered within academic literature.
These provided a basis to create a list of barriers confirmed by industry professionals with

experience in PLM implementation. A review of literature identified nine common barriers:

e Complexity of Systems (Abramovici, 2007; Batenburg et al., 2006; Garetti et al.,
2005; Githens, 2007; Hewett, 2010; Johansson et al., 2013; Kung et al., 2015; Lee et
al., 2008; Messaadia et al., 2016; Pol et al., 2008; Rangan et al., 2005; Saaksvuori,
2011; Silventoinen et al., 2009; Singh & Misra, 2018b, 2019b; Urbinati et al., 2017)

e Lack of Interoperability (Bokinge & Malmqvist, 2012; Duigou et al., 2011;
Erasmus & Jacob, 2015; Hartman & Miller, 2006; Saaksvuori, 2011; Silventoinen et
al., 2009; Singh et al., 2019)

e Lack of Knowledge (Arendt, 2008; Bokinge & Malmqvist, 2012; Cantamessa et al.,
2012; Johansson et al., 2013; Messaadia et al., 2016; Messaadia et al., 2017; Pels &
Simons, 2016; Penciuc et al., 2014; Saaksvuori, 2011; Singh & Misra, 2019b)

e Lack of Training (Bedolla et al., 2014; Bokinge & Malmqvist, 2012; Rangan et al.,
2005; Urbinati et al., 2017)

e Monetary Cost (Alemanni et al., 2008; Arendt, 2008; Brown, 2016; Erasmus &
Jacob, 2015; Hewett, 2010; Kung et al., 2015; Messaadia et al., 2016, 2017;
Saaksvuori, 201; Silventoinen et al., 2009; Koomen, 2018)

e Perception of PLM (Bokinge & Malmgqvist, 2012; Erasmus & Jacob, 2015; Garetti
et al., 2005; Hewett, 2010; Johansson et al., 2013; Silventoinen et al., 2009; Singh &
Misra, 2018b)
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e Resistance to Change (Bokinge & Malmqvist, 2012; Garetti et al., 2005; Hewett,
2010; Kung et al., 2015; Pels & Simons, 2016; Rangan et al., 2005; Silventoinen et
al., 2009; Urbinati et al., 2017; Zammit et al., 2017)

e Security Concerns (Singh & Misra, 2018a, 2018b)

e Time Requirement (Alemanni et al., 2008; Arendt, 2008; Batenburg et al., 2006;
Brown, 2016; Hewett, 2010; Rangan et al., 2005; Silventoinen et al., 2009; Singh &
Misra, 2018b; Urbinati et al., 2017)

24.1 Monetary Cost

Of all of the barriers that can impact any form of implementation cost is one of the most
obvious and implementing PLM solutions can be very expensive (Kung et al., 2015). This cost
issue can be attributed to how as Silventoinen et al. (2009) claims “the total costs of PLM
implementation can be three times the original purchase price of the system, when taking into
consideration the process and configuration changes”. This issue is compounded by the ROI that
companies wish to see when implementing new technologies. The ROl of PLM solutions while
significant does not appear immediately after implementation, so many companies consider the
investment cost too high compared to the time needed to see returns. According to Brown (2016)
this is due to how PLM implementations “have historically been known for long, expensive
implementations and many companies do not have the will to wait for the ROI”. The cost of
implementation is also directly related to how large and how complex the organization a company
is, such that the larger the company, the longer and more expensive an implementation would be
(Messaadia et al., 2017). These cost issues are much more prevalent for SMEs thinking about
implementing PLM solutions, as they often do not have the resources that a larger company would
have access to, such as internal personnel or external connections to support the implementation
process (Saaksvuori, 2011). These areas where they are lacking resources would ultimately
increase the cost of a PLM implementation because they would have to hire outside personnel to
handle nearly the entire process. The sheer scale of an enterprise-wide implementation and the
need for assistance seems to scare SMEs in terms of resource costs and deployment (Messaadia et
al., 2017). These fears exist despite the knowledge management and other business benefits that

the PLM solutions would otherwise enable (Silventoinen et al., 2009). Another source of anxiety
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for SMEs comes from the large-scale changes to the technologies used, company processes and
working habits. This anxiety comes from the cost of changing these practices and how the benefits
of such changes may not be fully understood (Silventoinen et al., 2009). An interesting divergence
has happened between European and US SMEs, where monetary cost is still a main barrier for EU
companies, but US companies have put more focus on a lack of information system plans (ISPs).
While focused differently this barrier can be attributed to the lack of simple templates and methods

to use when implementing PLM solutions (Arendt, 2008).

2.4.2 Time Requirement

The implementation of the PLM strategy is a very long-term investment, which can take
up to seven years to be completed, not including any future additions or changes (Alemanni et al.,
2008). This extensive time frame comes with the required information process analysis necessary
to plan out a system implementation, the customization of the PLM system to fit a company’s
unique processes and the extensive training on new processes and systems, (Brown, 2016; Rangan
et al., 2005). Similar to the cost the amount of time required to implement a PLM solution is
directly related to how large and how complex a company’s operations are since every process

needs to be implemented and possible customized (Silventoinen et al., 2009).

2.4.3 Lack of Knowledge

There are two areas where there is a lack of knowledge required for a successful PLM
implementation. The first is a lack of understanding of the requirements of the PLM concept within
a company, and the second is the lack of knowledge to implement a PLM solution once the concept
is understood. The exact meaning of PLM is already difficult to understand, and many companies
have trouble relating their processes to a PLM initiative (Pels & Simons, 2016). The lack of
understanding PLM concepts often results in misguided implementations that result in a project
missing its potential benefits and being overly costly (Johansson et al., 2013). This lack of
understanding can take many different forms, from companies incorrectly running the project as
an IT software initiative instead of a way to improve a company’s business approach, or it can
have companies jumping to a solution that requires a large number of unnecessary customizations

as the project became more about fixing problems instead of realizing potential business benefits
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(Johansson et al., 2013). This can often be because a company based their PLM implementation
on specific department needs instead of the need of the entire company, which can result in other

department not being able to effectively integrate with the created system.

Define the PLM strategy Implement the PLM strategy

Where are What is our How do we What How do we I
: Get there!
we now? vision? close the gap? systems? get there?

Arthur D. Little

) 30% of effort 70% of effort
recommendation

Typical scenario 3% of effort 97% of effort

Most companies start directly here!

Unclear where and Unclear picture of

What went wrong? thlz_eascll:(oc;)fed:fc;:’sll_m oeng why business value is  commonality in way of imp?é?r;:?gtion Underestimation
(examples from . L expected, too much working leading to . . of data migration
companies) - va;lEerAg e focus on CAD instead unthought-of \nsteag Ofri:ctﬁpW'se challenges
of product efficiency consequences PP

Figure 2. This figure highlights Arthur D. Little’s PLM approach displayed by (Johansson et al.,
2013)

As shown in Figure 2 companies often put little effort into planning out their PLM strategy and
this often results in problems during the implementation of the systems. This is problematic
because a PLM project requires a careful understanding of all business processes and how they
would all need to interact with a centralized system to realize the benefits of the PLM approach
(Garetti etal., 2005). This can stem from as Saaksvuori (2011) states the struggle “many companies
have with integrating mechanic, electronic and software components and service elements into
their PLM concept”.

2.4.4 Lack of Training

Even if a company has a complete understanding of the PLM concept their challenges to
implementing a PLM solution are not over. With all of the changes that need to be made to an
enterprises’ systems and operations there need to be people with the knowledge to implement the
required modifications and the ability to train others in the use of the new systems and processes.

This is necessary for the long-term success of a PLM system but presents a barrier that many
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companies face when implementing PLM solutions. This issue is due to the lack of definition of
the skills and knowledge needed to implement a PLM system. According to Bedolla et al. (2014)
“Today, there is no standard for defining the necessary skills and capabilities for a PLM expert
and this makes it is impossible to define the educational path for new users”. This is not to say that
these skills and capabilities do not exist (they very much exist), but this knowledge is locked away
in individuals that do not have a reason to share their experiences (Bokinge & Malmqvist, 2012;
Rangan et al. 2005). This is even shown in the guidelines created for implementation, where
suggestions are made but there is not an explained reason for the suggestion and no explanation

for what may happen if that suggestion is not followed (Bokinge & Malmqvist, 2012).

Despite the progress made in understanding of PLM solutions in larger companies, the lack
of knowledge is even more prevalent in SMEs as they have even less access to individuals within
and outside their organization with the skills and knowledge to explain the benefits of the PLM.
This results in SMEs that are not aware of PLM benefits for their case and often have difficulties
understanding the potential of the technologies. (Messaadia et al., 2017; Silventoinen et al., 2009).
This lack of knowledge is further shown by the US SMEs that are more focused on the lack of
ISPs to implement these complex systems. This can provide a reason even financially sound SMEs
are lagging behind in the adoption and implementation of PLM initiatives. This lack of ISPs is a
result of people lacking the knowledge and skills required to implement such a system (Arendt,
2008; Messaadia et al., 2016).

2.4.5 Organizational Challenges

Related to the lack of knowledge is organizational challenges that come with PLM
initiatives. According to Messaadia et al. (2017) “30% of companies consider themselves to be
under-equipped regarding to information technology”. Unfortunately, most PLM implementations
fail not due to a software issue but due to a project issue where the project are scoped and
implemented incorrectly (Cantamessa et al., 2012; Johansson et al., 2013). Johansson et al. (2013)
claims “Arthur D. Little research shows that 70% of PLM investments fail to meet management’s
expectations”. One of the reasons that the majority of implementations fail is due to an incorrect
assumption as Hewett (2010) states that “PLM solution should be quick and easy to implement”.

This often results in incorrect time and cost estimations and can result expectation that will not be

31



met (Hewett, 2010). Many of these incorrect estimates can be a result of a lack of communication
between stakeholders. As Githens (2007) observed “often people cannot fully explain their
activities, judgments, and objectives”. This communication issue can cause an even bigger
problem when the required process information is scattered throughout the enterprise (Silventoinen
et al., 2009). Being unable to accurately map how each user would need to interact with a newly
implemented system can be a part of what is causing incorrect estimates as the number of processes
required is not fully understood at the beginning of the implementation. This is especially an issue
in SMEs where they usually describe their processes at a macro level and not at the level of detail
that is needed to realize the benefits of the new business methods (Pol et al., 2008). This can also
be attributed to how many SMEs rely on individual knowledge and not groups using a standardized
procedure (Silventoinen et al., 2009). Resulting in an incomplete process map that would be used
in the company’s implementation plan. Another issue that contributes to a misaligned
implementation plan is how the vendors of PLM systems often disregard their customer’s
requirements during system implementation often resulting in incomplete designs which require

significant reworks to meet the customers’ expectations (Lee et al., 2008).

2.4.6 Complexity of Products

A factor that impacts almost every other barrier of implementation is the complexity of the
entire PLM concept and the PLM systems that enable that concept. From a purely technological
standpoint PLM is only considered as a medium intensive project but is a very high intensity
project from an organizational approach (Garetti et al., 2005). This complexity stems from how
PLM addresses the entire lifecycle of every product and all of the data that is associated with that
cycle. In addition to tracking data PLM also requires a complete restructuring on how a company
operates to realize the benefits (Garetti et al., 2005). Incorporating all of that data and a new way
of operating presents a real challenge and significantly hampers the implementation of complete
PLM solutions (Batenburg et al., 2006). This restructuring of an entire companies’ processes as
Garetti et al. (2005) states “requires a remarkable effort not only for its implementation but also
its reception”. The amount effort required is directly related to the size of the company because
the larger a company gets the more factors need to be tracked and carefully controlled. However,
this amount effort is still incredibly difficult for SMEs to reach as they often lack the resources,

knowledge and skills necessary to effectively organize their systems (Silventoinen et al., 2009).
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This challenge becomes even more of an issue for companies that already have IT systems in place
as they would need to change all of their existing practices for those established systems (Kung et
al., 2015). These changes would not be such a large issue if there was a standard way to implement
these different aspects of PLM approach, unfortunately there are huge customizations that need to
be completed for each PLM implementation and this extra complexity often scares companies
investigating PLM implementation (Abramovici, 2007). With the immense amount of data that is
being tracked within a PLM system the method of storage needs to be organized but with all of the
different sources and locations of lifecycle data that system can become very difficult to navigate
(Kérkkainen et al., 2012). This can cause users confusion and delays when they are searching for
a certain piece of data. Johansson et al., (2013) found that “if engineers were unable to find an
existing component after searching for it for a maximum of three minutes, they would create a new
article”. This can result in an exponentially messier product environment as each correct article

becomes harder and harder to find (Messaadia et al., 2016).

2.4.7 Lack of Interoperability

With the all-encompassing nature of PLM systems, they are often made to integrate a
variety of existing software and data sources. This interoperability and potential modularity are
important to these systems as it allows for the collection and diffusion of data from a wide range
of difference sources (Duigou et al., 2011). This is easier said than done as Kung et al. (2015)
state “integrating PLM into existing systems is difficult since enterprises may need to change
established knowledge sharing practices to fit the system”. Most of these PLM system packages
are typically created by vendors that develop CAD systems (Hartman & Miller, 2006). Most of
these different systems do not have the innate ability to communicate between each other or with
the CAD systems from other vendors. This presents a problem as many companies are being
forced to utilize one company’s “options for organizing, managing, and archiving their product
data” (Hartman & Miller, 2006). This results in many interoperability problems when data is sent
between different companies (Singh et al., 2019). This can present many issues for SMEs who
have many different avenues to pursue. They can for instance they can attempt to join one of
their bigger customers systems so that they do not have to take on the burden of developing their
own system (Erasmus & Jacob, 2015; Silventoinen et al., 2009). This can result in many changes

to the way an SME functions as they are essentially mirroring a different organization. Another
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issue arises when an SME is a supplier to multiple OEM’s potentially each with their own PLM
system and data management requirements (Saaksvuori, 2011). Making a SME have to maintain
multiple different procedures to comply with the requirements from their buyers can be system

and resource intensive.

2.4.8 Security Concerns

With the implementation of PLM centralizing all of a company’s processes and operations,
some companies have raised potential security concerns. These security concerns arise from of
some the benefits that PLM provides. Whereas collaboration can be an incredibly powerful tool,

it can also open up a company for unwanted intrusion (Singh & Misra, 2018b).

2.4.9 Resistance to Change

With the implementation of a PLM solution requiring massive changes in the standard
business processes, it also requires shifts in a user’s cultural practices regarding work. This
demands remarkable effort both for its implementation and for its reception (Garetti et al., 2005;
Silventoinen et al., 2009). Much of these changes can be a result of the collaboration that PLM
enables, and users need to accept that they need to work differently in how they handle data
because they are now working on a potentially global scale (Zammit et al., 2017). However,
these cultural changes can be very hard to implement, with how disruptive PLM implementation
can be as Erasmus & Jacob (2015) state “it is often very difficult to convince all parties involved
and affected that the change will be beneficial to them”. This change can be made even more
difficult when an existing system that has always worked is modified to fit into the new system
(Kung et al., 2015). The cultural related issues related to changes often surface in users with
engineering titles and they can often be one of the larger barriers to a project’s success (Bokinge
& Malmqvist, 2012; Hewett, 2010). As Pels & Simons (2016) found these engineers are often
extremely good at the “adoption of technological principles, tend to show extreme high
resistance to change where it concerns there working process” and Ranagan et al. (2005) found
“several real-world deployments where cultural change management has turned out to be the
ultimate stumbling block”. This can result from changes to the way technical data is collected

and maintained as Kung et al. (2015) state engineers are “reluctant to input detailed explanations
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for solutions in the project documents”. The resistance to change can be more prevalent in SMES
as they fear significant changes to a successful system and the risk associated with a new system
(Silventoinen et al., 2009).

2.5 Summary

The literature review for this study covered four areas related to the implementation of PLM
solutions, these included an overview of PLM, the benefits of PLM, PLM adoption, and the
barriers to the implementation of PLM. The overview of PLM contained a short history on the
development of PLM, the difference between the PLM concept and PLM systems and how to make
a complete PLM solution, both the concept and enabling systems must be combined. A review of
the benefits of PLM, outlined the following benefits: reduced costs, an improved ability to capture
and manage product data, increased collaboration, improved manufacturing operations such as
faster development and higher product quality, and better business decisions such as a lower cost
of ownership and better business results. A short review of PLM adoption topics covered general
PLM adoption, SME specific adoption, the idea of maturity models, and the requirements for
planning a PLM implementation. Finally, the barriers to the implementation of PLM were explored
and the following barriers were identified: complexity of systems, lack of interoperability, lack of
knowledge, lack of training, monetary cost, perception of PLM, resistance to change, security

concerns, and time requirement.
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3 METHODOLOGY

This study follows the methodology utilized by Singh & Misra (2019) in their study titled
Identification of barriers to PLM institutionalization in large manufacturing organizations: A
case study. Where Singh & Misra (2019) worked to compile a list of critical barriers faced by
large manufacturing companies in India after the completion of a PLM implementation project
also known as the institutionalization phase. The goals of this study are to confirm the barriers to
the implementation of PLM identified in the literature and through analyzing how the different
confirmed barriers influence each other determine which of the barriers are critical to the
implementation process. Allowing for implementation projects to better allocate the resources
needed to address the confirmed barriers, resulting in a higher implementation success rate. This
study began with a review of literature surrounding the barriers faced during PLM solution
implementation. Once identified these barriers were further investigated through the use of a
survey of professionals in the PLM space to confirm that the identified barriers exist in practice
and to identify any additional barriers, not identified in the literature, to be included in this study.
Once the revised list of confirmed barriers was compiled, a second survey was used to
investigate the impact professionals believed that each of the confirmed barriers exerted and to
explore the relationships between all confirmed barriers using a relationship matrix. The results
for both surveys can be found in section 4 of this study and the survey questions themselves can
be seen in Appendices A & B. For this study, professionals in the PLM space were contacted via
email, LinkedIn and professional networks and asked for their participation. Professionals, for
the purpose of this study, are considered to have at least participated in one PLM implementation
project and have at least three years of experience in the PLM space. These professionals were
selected as they would be able to provide insight into the barriers that they experienced firsthand
when implementing PLM solutions. To analyze the complex relationships between barriers, the
decision-making technique decision-making trial and evaluation laboratory (DEMATEL)
method supplemented by the maximum mean de-entropy (MMDE) algorithm was used. The
gathered data and findings are discussed in section 4 of this study. A map of the study can be

seen in figure 3.
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Figure 3. Study Map

3.1 Review of Barriers Identified in Literature

To identify barriers to the implementation of Product Lifecycle Management Solutions,
academic journals were explored. The literature review resulted in the creation of a compiled list

of identified barriers containing the following barriers shown in figure 4.
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Figure 4. Barriers Identified in Literature

3.2 Collection of Data

The data for this study was collected in two separate instances, sources for both instances

were professionals with experience in the PLM space. All survey responses were anonymous, and

all survey questions can be seen in appendices A & B. The first instance was a survey to confirm

the existence of the barriers that were identified within the literature review and was analyzed to

revise the list of barriers by removing those barriers which professionals did not believe were

present, or add additional barriers identified by the participants. The second instance utilized a

survey built off of the revised list of barriers to determine how professionals ranked the impact of

the confirmed barriers and to obtain an average initial relationship matrix on the influences each

barrier exerts or receives. The inputs for the matrix require each barrier’s influence on all other

barriers to be measured on a Likert scale with a range of 0 meaning no causal relationship to 4

meaning a very high causal relationship and 2 meaning an average causal relationship.
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3.3 Participant Description

For this study, professionals within the PLM space were contacted via email,
LinkedIn and professional networks and asked for their voluntary participation. This included
professionals with roles such as PLM consultant, PLM manager, PLM specialist, PLM engineer
and PLM architect. These professionals that were contacted came from companies large and small
that either utilize PLM in house, and or help other companies to implement PLM solutions. This
included companies such as Lockheed-Martin, Rolls-Royce, Woodward, Razorleaf, Siemens, etc.
To allow for the inclusion of professionals in smaller companies all participants were also asked
to extend an invitation to participate to other professionals they believed would enhance the study.
To have their responses included in this study professionals were required to have at least three
years of experience in the PLM space and have participated in at least one PLM implementation
project. To have participated in a PLM implementation project a participant had to be an active
participant in the tasks during the implementation project. However, it is important to note that no
one person can be a participant in every task during an implementation project. These tasks could
take the form of having worked in laying out the groundwork for the solution such as determining
where a company is on their PLM competency, the requirements to achieve a successful solution,
the development of an implementation strategy to achieve company KPIs and determining which
of the many PLM systems would work best for a solution. Participation can also take the form of
solution configuration or development, where the participant has participated in the integration or
modification of the systems that will be used to support the PLM solution. Finally, participation
can also be the development or application of solution training resources to integrate the users that
were not part of the implementation process. These requirements were selected as participants
would be able to provide insight into the barriers that they experienced throughout an

implementation project.

3.4 DEMATEL

This study utilizes the DEMATEL (Decision Making Trial and Evaluation Laboratory)
method, developed by Fontela and Gabus with the Science and Human Affairs Program of the
Battelle Memorial Institute of Geneva between 1972 and 1976. This method is used to analyze the

cause-and-effect relationships between intertwined and often complicated elements within a
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collection (Chung-Wei & Gwo-Hshiung, 2009; Singh & Misra, 2019). According to Chung-Wei
and Gwo-Hshiung (2009) “The most important property of the DEMATEL method used in the
multi-criteria decision making (MCDM) field is to construct interrelations between criteria. The
end product of the DEMATEL process the impact-relations map”. There are five steps in the
DEMATEL method, seen in figure 5:

Raw Data Calculate The Calculate The
From Average Relation Normalized Direct- >
Experts Matrix Influence Matrix

Derive The Total
Relation Matrix

v

Set a Threshold _| Obtain an Impact- Is The Impact The Proper
Value "|  relations map Prisiaed Impact-
Relations Map

Figure 5. Steps of The DEMATEL Method

1. Calculate initial relation matrix and the average matrix.

After a list of the confirmed barriers to the implementation of PLM is created from the initial
survey each participant in the second survey is tasked with creating an initial relation matrix. The

initial relationship matrix is used to gather the relationship values between each confirmed barrier.

In the initial relation matrix given by Equation (1), the diagonal values are left blank or
considered to be zero. The number of initial matrices will be equal to the number of study

participants.
Xk = [xf] txe (D

where k equals the number of respondents, 1 < k < U; tis the number of factors considered and

U is the number of initial matrices corresponding to each participant. The average matrix given by
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Equation (2) needs to be calculated by taking averaged of all participants initial matrices resulting

in the creation of the average matrix:
N =[n;] tXt (2)
In which:

1 U
— g k
nij = U xij
k=1

2. Calculate the normalized direct relation matrix.
The normalization of the average direct relation matrix is to be performed by utilizing the

normalization factor given by Equation (3)

1 1
s = Min — , — (3)
MaXi<i<n Zj:;llnijl MaXi<j<n Zj=1|nij|
Then the normalized direct relation matrix (DR) can be calculated using Equation (4):
DR=s*N (4)

3. Calculate the total relation matrix.
T represents the total relation matrix expressing all direct and indirect relation. To calculate T

Equation (5) is used:

T = lim (DR + DR? + D®® + ---+ DR¥) = DR(I — DR)™* (5)

k—oo

Where 1 is the identity matrix:

4. Calculate the sum of elements in each row and column in total relation matrix (T)
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To calculate the sum of elements Equations (6 & 7) are used where W; is the sum of the elements

in the ith row and V; is the sum of the elements in the jth column:

Wl=ZmU=(l=1,2,,t) (6)
j=1
t

V= my=(=12..0 7)
=1

The values of V; and W; represent both the direct and indirect influences between the factors. Here,

(V + W) is calculated as the impact or prominence and (W — V) as the relationship value.
Positive values of W-V represent the corresponding factor as causal factor, while the negative
values of W-V represent the corresponding factor as affected factor. These dependencies are

visible on the inter-relationship map (IRM).

5. Calculate threshold value
The Total relation matrix T depicts the causal relationships between different critical
barriers. Although there are many relations, only the profoundly correlated barriers need be
considered, and less correlated barriers filtered out. A threshold value is used to filter the
significant relations and help a decision maker to focus on the significant impacts which will be
shown in the IRM. The threshold value (TV) is to be calculated by using the maximum mean de-
entropy (MMDE) algorithm.

Following the DEMATEL method as described by the Fontela and Gabus the threshold
value is determined by the researcher or by asking experts. This can present a problem when small
changes to the threshold value produce a small change in the inter-relation map making the
defining of the ideal threshold value difficult and time consuming (Chung-Wei & Gwo-Hshiung,
2009; Singh & Misra, 2019). Other studies utilizing the DEMATEL method use a simple average

of the total relationship matrix or the results of a targeted literature review to determine the proper
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threshold value. While these approaches may provide a threshold value, they also introduce a great

degree of variability. This study utilizes the MMDE algorithm to address this issue.

3.5 MMDE

The MMDE algorithm is based on the mathematical theory proposed by Shannon (2001)
which was used by Li and Tzeng (2009) and Singh and Misra (2019).

Information Entropy

Entropy is normally associated with a physical measurement in thermal dynamics but has
becoming an important part of information theory in social sciences. In this theory developed by
Shannon (2001), Chung-Wei and Gwo-Hshiung (2009) state “entropy is used to measure the
expected information content of certain messages and is a criterion for the amount of
"uncertainty" represented by a discrete probability distribution”. This means that the amount of
information contained in an event can be calculated, and in general the more predictable the
outcome of an event is the less information is contained in that event. Resulting in the most
information begin found where the uncertainty or difference between expected outcome and
actual outcome is the greatest. The mathematical definitions described by these researchers are
briefed below:

Definition 1: Let a random variable with n elements be denoted as X = {x;, x5, ..., x, }, with a

corresponding probability P = {p,, p,, ..., .}, then we define the entropy, H, of X as follows:

H(p1, 02 s Pn) = — Z p;ilog (p;)

Subject to constraints:

n
Zpi =1
i=1

pilog(p;) =0if p; =0
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By Definition, the value pf H(p4,p,, ..., pn) IS largest when p; = p, = -+ = p,, and we denote

11

n’n’

this largest entropy as H ( ) %) Now we will define another measure for the decreased level

of entropy: de-entropy.

Definition 2: De-entropy, which is the decreased level of entropy, provides an estimate of the
position of the node from the maximum entropy condition. The de-entropy of a discrete random

variable Z with n elements is usually denoted by the symbol H? and is defined as follows:

. 11 1
H =Hmax—H=H(;,E,...,E>—H(pl,pz,...,pn)

Mathematical denotations

Let us denote by g;; the (i,j) element of the total relation matrix T, which shows the
relation between the factors y; and y;. The relation matrix T can then be considered as a set having
t2 pair ordered elements. For each element g;;, of the matrix T, the factors y; and y; are defined
as dispatch node and receive node, respectively. While C(TP%) and C(T?®) represent the number

of variables in the dispatch node set and receive node set. Moreover, U(TP%) and U(T*€) represent

the unique number of variables in the dispatch node set and the receive node set, respectively.
Following the definitions given above and the calculated total relation matrix found using

the DEMATEL method, the MMDE algorithm can be applied to calculate the proper threshold

using the following steps, seen in figure 6:
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Figure 6. Steps of The MMDE Algorithm

1. Transformation of relation matrix to an ordered triplet set T*

This step converts the total relation matrix T into an ordered set of total relation matrix elements
from larger to smaller values with their corresponding dispatch node and receive node and

rearranged as set T* = (g;;, ¥, ¥j)-

2. Construction of the dispatch-node set (T??) and receive-node set (TR¢)

The second element of the set T™ is the dispatch node value, and the third element of the T*is the
received node value. Taking all the dispatch node values together, we have an ordered the receive
node values, i.e., third element values from T*, we have the ordered receive node dispatch node

set, denoted by TP' = (y,) = (y1,¥a, .., ¥,). Similarly, considering together set, which we
denote by T%¢ = (y) = V1, Y2, -» ¥n)-

3. Calculation of the mean de-entropy of dispatch node and receive node

Taking the first r values at a time, we can form sets T,’* and T;?¢ and the mean

de-entropy for the first r sets of dispatch nodes or receive nodes can be presented as:

MDE, =

u(T;)
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4. Determination of T2% and TZ¢ . using MMDE algorithm

Next, we find the maximum value of MDEP! and MDER®and the corresponding sets T,* and Tk¢

denoted by T,2¢ . and T,R¢,:
Thty = max(MDEPY) = (y1, ¥z, ..., y"%%)
Tn}gtgx = maX(MDEr}?e) = (yliyZ! m'y;nax)

5. Construction of the maximum information set and identification of the threshold

value.

Here, we consider the first t elements in T* to obtain the subset, TT", which includes all elements
of T,2¢ . and all elements of T;X¢,.. The minimum relation value in TT" decides the

threshold value. This procedure can be summarized by writing:
T™ = {gij, Thix ), TRe (¥}
The relation values above this threshold value show the most impactful relations among all

possible relations among all factors. This information entropy method filters out the genuine

relations to be critically considered.
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4 DATA ANALYSIS

This section analyzes the input of professionals in the PLM space to identify the impact
rankings and to establish the strength of the relationships between the confirmed barriers to the
implementation of PLM solutions. Employing the DEMATEL method supplemented by the
MMDE algorithm to determine which of the barriers are critical.

Responses for this study came from a variety of different sources, with no two responses
coming from the same company. The companies that are represented in this study consisted of the
following:

e Sustainable Solutions Corporation
e ASSA ABLOY

e Razorleaf Corporation

e Wherry Associates

e Bartech

e Teradyne, Inc.

e SEAKR Engineering

e Ultra-Maritime

e Eaton Aerospace

e Woodward

The participants were not asked to reveal their specific job role, as a combination of

workplace and job role could potentially identify a participant in this study.

4.1 Survey 1 - Barrier Confirmation

As outlined in section 3 of this study in the initial barrier confirmation survey a set of two
guestions were given to participants to act as a way to filter the responses of those who do not meet
the experience requirements for this study. In this regard participants were first asked to indicate

how many years of experience they have within the PLM space. For the first survey instance ten
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complete responses were recorded with two incomplete responses. Any incomplete responses were

removed from consideration.

Participant PLM Experience

Less than one
year

‘ 1

2 - 3years
1
More than 5
years
8

= |_ess than one year 2 - 3 years More than 5 years

Figure 7. The number of years of experience each participant has in the PLM space.

As seen in figure 7, out of the ten completed responses 8 of the participants indicated that
they have had five plus years of experience in the PLM space, with the remaining 2 responses
evenly split between less than a year and 2-3 years at 1 each. Participants were then asked to
indicate how many PLM implementation projects they have been a part of. As described in section
3.3, a PLM implementation project can be complex and an contain immense organizational
changes. To have participated in a PLM implementation project a participant has had to be an
active participant in the tasks during the implementation project. However, it is important to that
no one person can be a participant in every task during an implementation project. These tasks can
take the form of having worked in laying out the groundwork for the solution such as determining
where a company is on their PLM competency, the requirements to achieve a successful solution,
the development of an implementation strategy to achieve company KPIs and determining which

of the many PLM systems would work best for a solution. Participation can also take the form of
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solution configuration or development, where the participant has participated in the integration or
modification of the systems that will be used to support the PLM solution. Finally, participation
can also be the development or application of solution training resources to integrate the users that

were not part of the implementation process.

Participant PLM Implementaion

Experience
0
Implementations

2

2+

Implementations
8
= 0 Implementations 1 Implementation 2+ Implementations

Figure 8. The number of PLM implementations undertaken by participants

As seen in figure 8, out of the ten completed responses 8 of the participants indicated that
they have been involved with two or more PLM implementation projects, with the remaining 2
participants having not been involved in any PLM implementation projects. This combination of
questions allowed for the filtering of the responses of the participants with little experience in the

PLM space and with PLM implementations.

The barriers to PLM implementation that were identified in section 2.4, seen in figure 4,
were then presented to the participants, who were asked to confirm or deny if they believed a
barrier existed during the PLM implementation process. With the filtering of invalid responses, a

total of eight applicable entries were recorded.
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Table 1. The number of participants that showed belief regarding each of the identified barriers.

Barrier Confirmation Results

Barrier Yes No Total
Complexity of Systems 87.50% 7 12.50% 1 8
Lack of Interoperability 50.00% 4 50.00% 4 8

Lack of Knowledge 87.50% 7 12.50% 1 8
Lack of Training 75.00% 6 25.00% 2 8
Monetary Cost 75.00% 6 25.00% 2 8
Perception of PLM 75.00% 6 25.00% 2 8
Resistance to change 75.00% 6 25.00% 2 8
Security Concerns 62.50% 5 37.50% 3 8
Time Requirement 87.50% 7 12.50% 1 8

BARRIER CONFIRMATION RESULTS

o 1 2 3 4 5 6 7 8
COMPLEXITY OF SYSTEMS
LACK OF INTEROPERABILITY K

LACK OF KNOWLEDGE
LACK OF TRAINING K.
MONETARY COST K.
PERCEPTION OF PLM .
RESISTANCE TO CHANGE K.

SECURITY CONCERNS
TIME REQUIREMENT

mYes mNo

Figure 9. The number of participants that showed belief regarding each of the identified barriers.




As shown in Table 1 & Figure 9 participants clearly agreed that eight of the nine barriers
identified in the literature are present in PLM implementations. However, the participants were
evenly split on whether the barrier Lack of Interoperability was present during PLM
implementation. Due to the lack of a consensus confirming that the barrier Lack of Interoperability

exists, it was removed from the subsequent impact and relationship survey.

Finally, to allow for the identification and addition of barriers not outlined in section 2.4,
participants were asked to identify any barriers to implementation they believed were not covered
within the original survey. These responses were weighted as to only require participants to
separately identify the same barrier in at least three times for its inclusion in the confirmed list of
barriers. This was done as the question exploring additional barriers could be considered optional
when compared to the other questions in the survey and the likelihood that a participant would
provide an answer was therefore lower. Out of eight total responses, there were five unique
responses to this question seen below:

e Lack of Consistency (for goals/scope, units, etc. between business-to-business requests for
PLM).

e Lack definition of current business process.

e Lack of organizational change management (OCM) awareness by leadership, Fuzzy
savings of productivity or error reduction, Lack of maturity/completeness of existing PLM
systems, Underestimation of the magnitude of change required.

e | have seen with SAP implementation, that there is a real concern with the amount of
customization necessary to make boxed software meet the needs / goals of a company.

e Configuration complexity Alignment on process enablement features/customization for a

single PLM system supporting multiple lines of business.

These responses were grouped into two sets of three highlighting the need for two additional
barriers to implementation seen below:
1. An organization’s lack of knowledge of their own business practices

2. The complexity of the configuration required to support a PLM solution.
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To accommodate the addition of a second knowledge-based barrier the barrier Lack of
Knowledge was split into two different barriers called Lack of Knowledge on PLM Solutions and
Lack of Knowledge on Current Business Practices. Similarly, the barrier Complexity of Required
Configuration was distinguished from the barrier Complexity of Systems.

4.2 Survey 2 - Barrier Impact & Relationships

This section analyses the responses provided by participants in the secondary survey
regarding which of the identified barriers they believe are the most impactful to the implementation
of PLM solutions. The participants for this survey consisted of the 8 participants that met the
requirements to participate in this study. Participants were given a list of the 10 barriers confirmed
in section 4.2 and were asked to order them from 1 to 10 where 1 is most impactful and 10 is least
impactful. A total of seven complete responses were recorded for this question, the resulting

ranked list can be seen in Table 2.

Table 2. Averaged barrier impact ranking from most impactful to least impactful.

Barrier Impact Rankings
Rank Barrier Average Rank

1 Resistance to Change 3.14
2 Lack of Knowledge on PLM solutions 4

3 Complexity of Required Configuration 4.14
4 Lack of Knowledge on Current Business Practices 4.86
5 Complexity of Systems 5.14
6 Time Requirement 5.43
7 Lack of Training 5.71
8 Monetary Cost 6.29
9 Perception of PLM 6.71
10 Security Concerns 9.57

As shown in Table 2 the barrier Resistance to Change received the highest average impact

ranking indicating that it is the barrier with the most impact on a PLM implementation project.
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However, the first nine barriers all remaining relatively close to the barriers directly adjacent, less
than the equivalent of one ranking position away. indicating there is not a clear consensus on where
the impact of each barrier should be relative to the others. The only barrier that breaks this pattern
by over 1 ranking position is Security Concerns, which received the lowest average impact ranking
indicating that it is the barrier with the lowest impact on a PLM implementation project. The lack
of consensus on the impact of the identified barriers is clarified when the barriers are sorted by

standard deviation and variance as shown in Table 3.

Table 3. Barrier impact ranked by standard deviation and variance

Barrier Impact Ranked by Standard Deviation and Variance
Barrier Minimum Maximum Mean S.td. Variance
Deviation
Time Requirement 1 10 5.43 3.42 11.67
Complexity of Systems 1 9 5.14 3.04 9.27
Lack of Knowl_edge on PLM 1 9 4 578 771
solutions
Monetary Cost 2 10 6.29 2.55 6.49
Perception of PLM 2 9 6.71 2.12 4.49
Lackiol knowleage on 2 8 486 203 4.1
Current Business Practices
Lack of Training 2 8 5.71 1.98 3.92
Complexity of Required 2 7 414 164 2.69
Configuration
Resistance to Change 1 6 3.14 1.64 2.69
Security Concerns 8 10 9.57 0.73 0.53

Analyzing Table 3, it can be seen that nine of the ten barriers have a standard deviation
over 1.00 indicating that the responses gathered have a very high level of variance and cannot be
considered a reliable way to determine which barriers are most impactful and by extension cannot
be adequately accounted for when implementing a PLM solution. These nine barriers also directly
align to the nine barriers that fell within 1 ranked position of the barriers adjacent shown in Table
2. The uncertainty is exemplified by nine of the ten identified barriers ranking in the top two at

least once while five of the nine were also ranked in the bottom two.
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The only identified barrier to receive a standard deviation below 1.00, indicating a stronger
agreement between the participants was Security Concerns. This aligns with the finding that the
Security Concerns was the only barrier to be ranked more than 1 ranked position from the barrier
adjacent. This confidence on the level of impact can also draws parallels in how Security Concerns

was only confirmed to exist as a barrier by 62.5% of participants as seen in Table 1 & Figure 6.

Participants were also asked to indicate if there were still barriers that they believed were
not covered in this survey. There were three responses to this question, but there was no consensus
between the responses on any additional barriers. Each response mentioned different barriers such
as, a sense of ownership, a general lack of leadership, or a when a change in leadership / acquisition
of a company happens mid implementation. These responses can be seen below:

e An identified system admin. A sense of ownership of the PLM system.

e Lack of leadership support, reluctance to support a business case, attempting too
large a transformation at once, poor legacy data quality, lack of a process culture

e Change in Leadership / Culture, Acquisitions of new companies or manufacturing
sites

To combat the uncertainty surrounding impact that the identified barriers exert, a different
approach is needed. This study utilized the DEMATEL method supported by the MMDE algorithm
as a way to accurately consider the cause-and-effect relationships between barriers to determine
the total impact a barrier presents and a determination of which relationships between barriers are

critically impactful to the implementation of PLM.

4.3 Determination of Critical Barriers

This section analyses the relationship matrices obtained from professionals in the PLM
space. A total of 5 complete matrices were recorded, with two participants not completing their
respective relationship matrices, resulting in them being removed from subsequent calculations.
The following procedures are outlined in section 3.4 to section 3.6. All calculations were

performed in Microsoft Excel software. All participants’ matrices can be found in the appendix.
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The average relationship matrix which is the average of all initial relationship matrices was
calculated following step 1 of the DEMATEL method discussed in section 3.4. The calculated
average relationship matrix is shown in Table 4.

Table 4. Average Relationship Matrix

Average Relationship Matrix (Direct Relationship Matrix)
Barriers Bl B2 B3 B4 B5 B6 B7 B8 B9 B10

Bl 0 3.2 2.4 2.4 2.6 3.2 3.2 1.4 2.4 1.4
B2 2.2 0 2.4 2.6 3.2 3.2 2.4 1 4.2 1.6
B3 1.6 1.4 0 2.2 1.4 3 3.2 1.2 2.6 1.2
B4 14 1.8 2 0 1.8 3.2 3.8 1.2 2.6 1.4
B5 1.6 2 1 2 0 2.6 2.6 0.8 0.6 0.8
B6 1.6 14 2 1.4 0.8 0 3.4 1 1 1
B7 1.6 2.6 1.8 2 1.6 3.2 0 1 2.2 1.6
B8 1.8 2 0.8 0.8 1.4 2.4 1.8 0 1.4 1
B9 1.6 2 2.4 2.6 2.2 2.6 2.8 1 0 2
B10 2 2.6 1.2 1.6 2.8 2.2 3 1.6 3 0

The average relationship matrix was then normalized. The value of the normalization factor
obtained using step 2 of the DEMATEL method, was found to be 0.043859649, and the normalized

direct relationship matrix is shown in Table 5.

Table 5. Normalized Direct Relationship Matrix (DR)

Normalized Direct Relationship Matrix (DR)
Barrier Bl B2 B3 B4 B5 B6 B7 B8 B9 B10

Bl 0.0000 0.1404 0.1053 0.1053 0.1140 0.1404 0.1404 0.0614 0.1053 0.0614
B2 0.0965 0.0000 0.1053 0.1140 0.1404 0.1404 0.1053 0.0439 0.1842 0.0702
B3 0.0702 0.0614 0.0000 0.0965 0.0614 0.1316 0.1404 0.0526 0.1140 0.0526
B4 0.0614 0.0789 0.0877 0.0000 0.0789 0.1404 0.1667 0.0526 0.1140 0.0614
B5 0.0702 0.0877 0.0439 0.0877 0.0000 0.1140 0.1140 0.0351 0.0263 0.0351
B6 0.0702 0.0614 0.0877 0.0614 0.0351 0.0000 0.1491 0.0439 0.0439 0.0439
B7 0.0702 0.1140 0.0789 0.0877 0.0702 0.1404 0.0000 0.0439 0.0965 0.0702
B8 0.0789 0.0877 0.0351 0.0351 0.0614 0.1053 0.0789 0.0000 0.0614 0.0439
B9 0.0702 0.0877 0.1053 0.1140 0.0965 0.1140 0.1228 0.0439 0.0000 0.0877
B10 0.0877 0.1140 0.0526 0.0702 0.1228 0.0965 0.1316 0.0702 0.1316 0.0000
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Using the normalized direct relationship matrix, the total relationship matrix was calculated
following step 3 of the DEMATEL method in section 3.4 and is shown in Table 6.

Table 6. Total Relationship Matrix (T)

Total Relationship Matrix (T)
Barrier Bl B2 B3 B4 B5 B6 B7 B8 B9 B10

Bl 0.3098 0.4992 0.4332 0.4578 0.4506 0.6299 0.6404 0.2639 0.4896 0.3093
B2 0.4033 0.3818 0.4407 0.4741 0.4799 0.6391 0.6242 0.2530 0.5602 0.3229
B3 0.3149 0.3608 0.2733 0.3798 0.3363 0.5254 0.5429 0.2170 0.4192 0.2542
B4 0.3252 0.3969 0.3724 0.3122 0.3711 0.5611 0.5929 0.2284 0.4414 0.2760
BS 0.2667 0.3246 0.2623 0.3150 0.2249 0.4321 0.4391 0.1685 0.2836 0.1973
B6 0.2632 0.2990 0.2964 0.2889 0.2562 0.3243 0.4619 0.1747 0.2964 0.2036
B7 0.3165 0.4051 0.3472 0.3734 0.3473 0.5327 0.4191 0.2097 0.4078 0.2692
B8 0.2668 0.3152 0.2449 0.2594 0.2750 0.4092 0.3929 0.1288 0.3022 0.1985
B9 0.3357 0.4076 0.3893 0.4186 0.3912 0.5436 0.5623 0.2233 0.3441 0.3001
B10 0.3630 0.4460 0.3563 0.3953 0.4296 0.5463 0.5843 0.2532 0.4750 0.2294

With the total relationship matrix established, using the rows of the total relationship matrix
to indicate the causal strength and the columns to indicate the effect strength. The total impact
(also known as the prominence value) and the relationship value of each barrier can be calculated
following step 4 of the DEMATEL method in section 3.4. The impact or prominence is calculated
as the combined strength of the cause-and-effect relationships a specific barrier exerts and receives
respectively. The relationship value is the difference between the cause-and-effect relationships
and is used to determine if a barrier is causal and exerts more influence than it receives or an

effected barrier that receives more influence than it exerts.
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Table 7. The differences between barrier total impact and relationship value

Total Impact and Relationship Value

Sumof  Sum of W+V W-V
Barrier Row Column Total Relationship  Identity
(W) (V) Impact Value
Resistance to Change 3.6281  5.2602 8.8883 -1.6321 Effect
Complexity of Required 5795 38361 84154 0.7431 Cause
Configuration
Perception of PLM 2.8647  5.1437 8.0084 -2.2790 Effect
Time Requirement 3.9157  4.0196 7.9353 -0.1039 Effect
Complexity of Systems 44837  3.1651 7.6488 1.3186 Cause
Lack of Training 3.8776  3.6744 7.5519 0.2032 Cause
Lack of Knowledge Regarding 5 6509 34160 7.0400 0.2079 Cause
PLM Solutions
SAHCE ORI O OGS ) o pipnn meERd 15178 Cause
Business Practices
Monetary Cost 2.9140  3.5620 6.4760 -0.6480 Effect
Security Concerns 2.7928  2.1204 4.9132 0.6724 Cause

Relationship Value W - V

1.5

0.5

-0.5

-1.5

-2.5

Impact Relationship Chart

Lack of Knowledge on Current Buisiness
Processes
Security Concerns

Lack of Knowledge on
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Figure 10. Impact relationship chart showing differences between barrier total impact and

relationship value
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When reviewing Table 7 and Figure 10, the most impactful or prominent barrier through
total impact value was determined to be Resistance to Change, a position that aligns with the
ranking given by professions. However as seen by the relationship value, Resistance to Change is
an effect barrier that’s total impact on PLM implementation is influenced more by other existing
barriers than its influence on other barriers indicating that it cannot be solved directly and will
have its impact reduced by addressing the barriers that influence it. Conversely the barrier with the
second highest total impact value, Complexity of Required Configuration, was determined to be a
causal barrier indicating that majority of impact this barrier has on PLM implementation can be
addressed without having to first address any of the connected barriers. Matching the sentiment
found in Tables 1, 2 and 3, the barrier with the lowest total impact value was determined to be
Security Concerns, helping to solidify its position as the least impactful barrier that was confirmed
to exist in PLM implementations. Interestingly, three barriers total impact rankings matched their
rankings in the impact rankings provided by professionals shown in Table 2. These barriers were
Resistance to Change, Complexity of Systems and Security concerns. The barrier largest
difference in the impact rankings determined by professionals and those determined using the
DEMATEL method was Perception of PLM which jumped from ninth place to third. It can also
be seen that three of the top four barriers by total impact value are effect barriers, implying that
the barriers with the most impact on the implementation of PLM are not something that can be
solved in a vacuum, but without knowing which of the relationships have a critical relationship an
effective plan to address the barriers cannot be created.

As shown in Table 6 there is a matrix, containing a set of 100 unique relations among all
barriers. These 100 relations may not be equally relevant to the implementation of PLM solutions.
Considering this, it is necessary to determine which of these relationships are critical, and by doing
so, determine which barriers influence the impact other barriers have on the implementation of

PLM solutions. To accomplish as outlined in step 5 in section 3.4, a threshold value is needed.

To calculate the proper threshold value steps, 1 and 2 of the MMDE algorithm discussed
in section 3.5 were followed to arrange the total relationship matrix relationship values from largest
to smallest with a corresponding dispatch and receive node. This set of ordered triplets is shown
in Table 8.
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Table 8. Ordered Triplet sets of total relationship matrix relationship values

Ordered Triplet Sets of total relationship matrix elements (T*)

Di Re Value Di Re Value Di Re Value Di Re Value

1 7 0.640443 5 7 0.43911 7 5 0.347314 3 3 0.273271
2 6 0.639077 1 3 0.433223 7 3 0.347171 7 10 0.269177
1 6 0.629869 5 6 0.432123 9 9 0.344134 8 1 0.26684
2 7 0.624215 10 5 0.429605 3 5 0.336258 5 1 0.266671
4 7 0.592924 3 9 0.41919 9 1 0.335685 1 8 0.263917
0 7 0.584325 7 7 0.419133 4 1 0.325242 6 1 0.263176
9 7 0.562275 9 4 0.41857 5 2 0.324604 5 3 0.262308
4 6 0.561061 8 6 0.40924 6 6 0.324336 8 4 0.259366
2 9 0.560228 7 9 0.407846 2 10 0.322949 6 5 0.256202
10 6 0.546342 9 2 0.407593 7 1 0.316513 3 10 0.25423
9 6 0.543559 7 2 0.405095 8 2 0.315176 10 8 0.253178
3 7 0.54295 2 1 0.403312 5 4 0.314986 2 8 0.252996
7 6 0.532708 4 2 0.396945 3 1 0.314915 8 3 0.244857
3 6 0.525414 10 4 0.395261 4 4 0.312162 10 10 0.229422
1 2 0.499173 8 7 0.392943 1 1 0.309767 4 8 0.228401
1 9 0.489609 9 5 0.391229 1 10 0.309269 5 5 0.224856
2 5 0.479895 9 3 0.389304 8 9 0.302175 9 8 0.223253
10 9 0.475027 2 2 0.381777 9 10 0.30013 3 8 0.21705
2 4 0.47407 3 4 0.379802 6 2 0.298961 7 8 0.2097

6 7 0.461863 7 4 0.373429 6 9 0.296442 6 10 0.203635
1 4 0.457776 4 3 0.372422 6 3 0.296439 8 10 0.198501
1 5 0.450633 4 5 0.371061 6 4 0.28893 5 10 0.197308
10 2 0.445967 10 1 0.362966 5 9 0.28356 6 8 0.174705
4 9 0.441381 3 2 0.360842 4 10 0.275971 5 8 0.168468
2 3 0.440723 10 3 0.356314 8 5 0.274954 8 8 0.128761

Then, following step 3 of the MMDE algorithm in section 3.5, the mean de-entropies of
the dispatch node set and the receive node set were calculated by taking the first r values at a time,
the value of r varies from 1 to 100 as there are 100 relations in the total relationship matrix.
Accordingly, the mean de-entropies for the first r values of the dispatch and receive nodes sets

have been obtained and shown in Table 9 & 10.
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Table 9. Mean de-entropy for dispatch node set

Mean De-Entropy Dispatch Node Set ()

Number Mean Number Mean Number Mean Number Mean
of de- of de- of de- of de-

elements entropy elements entropy elements entropy elements entropy
1 0.00000 26 0.02364 51 0.01348 76 0.00225
2 0.00000 27 0.02602 52 0.01366 77 0.00236
3 0.02832 28 0.02219 53 0.01381 78 0.00189
4 0.00000 29 0.02277 54 0.01360 79 0.00141
5 0.01456 30 0.02098 55 0.01393 80 0.00162
6 0.01416 31 0.01731 56 0.01396 81 0.00133
7 0.01192 32 0.01558 57 0.01228 82 0.00104
8 0.00997 33 0.01721 58 0.00971 83 0.00074
9 0.01730 34 0.01582 59 0.01018 84 0.00060
10 0.01046 35 0.01540 60 0.01040 85 0.00060
11 0.00305 36 0.01493 61 0.00877 86 0.00058
12 0.00727 37 0.01608 62 0.00771 87 0.00069
13 0.00872 38 0.01547 63 0.00765 88 0.00050
14 0.00534 39 0.01598 64 0.00779 89 0.00057
15 0.00671 40 0.01311 65 0.00790 90 0.00063
16 0.01035 41 0.01305 66 0.00817 91 0.00042
17 0.01304 42 0.01340 67 0.00709 92 0.00046
18 0.01226 43 0.01441 68 0.00732 93 0.00048
19 0.01560 44 0.01358 69 0.00575 94 0.00049
20 0.01701 45 0.01330 70 0.00468 95 0.00037
21 0.01954 46 0.01298 71 0.00398 96 0.00025
22 0.02271 47 0.01306 12 0.00356 97 0.00011
23 0.02289 48 0.01344 73 0.00285 98 0.00009
24 0.02107 49 0.01301 74 0.00301 99 0.00005
25 0.02314 50 0.01358 75 0.00229 100 0.00000
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Table 10. Mean de-entropy for receive node set

Mean De-Entropy Receive Node Set ()

Number Mean Number Mean Number Mean Number Mean
of de- of de- of de- of de-
elements  entropy elements entropy elements entropy elements entropy
1 0.00000 26 0.03211 51 0.00891 76 0.00317
2 0.00000 27 0.02592 52 0.00836 77 0.00221
3 0.02832 28 0.02829 53 0.00818 78 0.00198
4 0.00000 29 0.02488 54 0.00796 79 0.00192
5 0.01007 30 0.02435 55 0.00552 80 0.00827
6 0.02832 31 0.02665 56 0.00388 81 0.00837
7 0.04744 32 0.02316 57 0.00395 82 0.00832
8 0.01579 33 0.02507 58 0.00448 83 0.00839
9 0.05391 34 0.02491 59 0.01137 84 0.00831
10 0.05175 35 0.02140 60 0.01046 85 0.00771
11 0.05461 36 0.01932 61 0.01072 86 0.00557
12 0.06006 37 0.02419 62 0.01046 87 0.00407
13 0.06253 38 0.02341 63 0.00988 88 0.00412
14 0.06680 39 0.02178 64 0.00983 89 0.00372
15 0.07576 40 0.02328 65 0.00951 90 0.00264
16 0.05590 41 0.02157 66 0.00667 91 0.00266
17 0.05828 42 0.01887 67 0.00660 92 0.00186
18 0.05123 43 0.01852 68 0.00469 93 0.00128
19 0.05059 44 0.01756 69 0.00498 94 0.00088
20 0.05383 45 0.01714 70 0.00506 95 0.00062
21 0.04458 46 0.01543 71 0.00470 96 0.00049
22 0.03581 47 0.01442 72 0.00473 97 0.00047
23 0.02748 48 0.01049 73 0.00492 98 0.00020
24 0.02553 49 0.01045 74 0.00358 99 0.00005
25 0.02927 50 0.00944 75 0.00338 100 0.00000
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Following step 4 of the MMDE algorithm in section 3.5, the maximum mean de-entropy
of the dispatch node set was determined to be 0.02831651 as shown in Figure 11, which took the
first three values of the dispatch node set with the corresponding dispatch locations {1,2,1} = {1,2}.

Dispatch Node Mean De-Entropy
0.03
® (0.02832
0.03
0.02
= 0.02
>
0.01
0.01

0.00
0 20 40 60 80 100

Number of Nodes

Figure 11. Dispatch Node Mean De-Entropy

Following step 4 of the MMDE, the maximum mean de-entropy of the receive node set
was determined to be 0.075759838 as shown in Figure 12, which took the first 15 values of the
receive node set with the corresponding receive locations {7,6,6,7,7,7,7,6,9,6,6,7,6,6,2} =
{7,6,9,2}.
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Figure 12. Receive Node Mean De-Entropy

The ordered triplet sets corresponding to the max MDE of the dispatch node sets T2:. :
{0.640442833, 1, 7}, {0.63907734, 2, 6}.

The ordered triplet sets corresponding to the max MDE of the receive node sets T}R¢, :
{0.640442833, 1, 7}, {0.63907734, 2, 6}, {0.560228148, 2, 9}, {0.499173222, 1, 2}.

The maximum information set TT": {0.640442833, 1, 7}, {0.63907734, 2, 6}, {0.560228148, 2,
9}, {0.499173222, 1, 2}.

The threshold value, which is the minimum relationship value of the TT" set was determined to be
0.499173222. Relationship values above the threshold value contain critical information and can
be seen in the Table 11.

63



Table 11. Total Relationship matrix with critical relationships highlighted

Total Relationship Matrix with Critical Relationships
Barrier Bl B2 B3 B4 B5 B6 B7 B8 B9 B10

Bl 0.3098 0.4992 0.4332 0.4578 0.4506 0.6299 0.6404 0.2639 0.4896 0.3093
B2 0.4033 0.3818 0.4407 0.4741 0.4799 0.6391 0.6242 0.2530 0.5602 0.3229
B3 0.3149 0.3608 0.2733 0.3798 0.3363 0.5254 0.5429 0.2170 0.4192 0.2542
B4 0.3252 0.3969 0.3724 0.3122 0.3711 05611 0.5929 0.2284 0.4414 0.2760
B5 0.2667 0.3246 0.2623 0.3150 0.2249 0.4321 0.4391 0.1685 0.2836 0.1973
B6 0.2632 0.2990 0.2964 0.2889 0.2562 0.3243 0.4619 0.1747 0.2964 0.2036
B7 0.3165 0.4051 0.3472 0.3734 0.3473 0.5327 0.4191 0.2097 0.4078 0.2692
B8 0.2668 0.3152 0.2449 0.2594 0.2750 0.4092 0.3929 0.1288 0.3022 0.1985
B9 0.3357 0.4076 0.3893 0.4186 0.3912 0.5436 0.5623 0.2233 0.3441 0.3001
B10  0.3630 0.4460 0.3563 0.3953 0.4296 0.5463 0.5843 0.2532 0.4750 0.2294

The critical relationships were then visualized in Figure 13 to better show the path of

influence.
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Figure 13. Impact-Relations Map from the DEMATEL method
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Analyzing Table 11 and the impact-relations map in Figure 13 the critical relationships
between barriers can be identified. From the critical relationships identified, it can be seen that out
of the 10 barriers that were confirmed to exist, only 8 have at least one critical relationship,
indicating they can be considered important barriers. Barrier criticality, determined using the
DEMATEL method, requires an element to be causal and to have at least one critical relationship.
Using this definition, five out of the eight important barriers can be considered critical (figure 14).
The two barriers that were determined to not have any critical relationships were Monetary Cost
and Security Concerns. This indicates that these two barriers cannot be considered important to

the implementation of PLM solutions based on the data from this study.

Critical Barriers From DEMATEL

Lack of Knowledge
on Current Lack of Training
Business Processes

Complexity of
Systems

Complexity of
Required
Configuration

Lack of Knowledge
on PLM Solutions

Figure 14. Critical barriers determined from the DEMATEL method
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5 DISCUSSION AND CONCLUSION

This section discusses the findings of this study in regard to the research questions outlined in
section 1.3. An important aspect of this study to discuss is the participation rate, as the participation
rate in this study varied between the two data collection instances and even between questions
particularly in the second survey. Recruitment for this study was sent out to industry contacts,
professional networks and throughout LinkedIn. Participation in this study was completely
voluntary with no direct benefit to any participants. This lack of incentive may have been a
contributing factor to the low response rate, as well as a general apathy towards seemingly random
survey invitations. The initial survey was sent out to 12 total participants who indicated they were
willing to participate in the study. Out of these 12 participants only 10 submitted complete
responses to the survey, with the other 2 beginning the survey but not answering any questions.
Out of these 10 complete responses only 8 were deemed valid. Interestingly, when accounting for
the filler questions the 8 valid participants that have been a part of two or more implementation
projects are the same 8 participants that have been involved in the PLM space for five or more
years. The secondary survey was sent to the remaining 8 participants, where 7 responses for the
first question, investigating the impact ranking of barriers was recorded. The second question in
which participants were asked to fill out a relationship matrix recorded 5 complete responses, this
reduction in participation may be due to the seemingly complicated nature of a relationship matrix.
In another form the matrix would consist of 100 different questions, each explicitly defined.
However, this approach would have resulted in a much longer survey that may have caused the
same reduction in responses, due to length. This variable response rate could potentially result in

an unbalanced comparison, and an incorrect conclusion.

An important area to consider, which was not defined in the literature surrounding the
implementation of PLM solutions, is the number of professionals normally utilized during the
planning and implementation of a PLM solution. Similar to the results of this study the number of
professionals involved may have a large impact on what areas of the implementation process get
the most attention, where a low number of professionals involved may result in significant barriers

being overlooked. This could also be a source of the variable lists of barriers that were identified
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in the literature surrounding PLM implementation. While there will always be specific tailoring

needed for each PLM solution, a lack of professional input may be the cause for no

The original list of barriers identified in the literature surrounding PLM implementation
consisted of nine barriers. These barriers, seen in Figure 4, consisted of Complexity of Systems,
Lack of Interoperability, Lack of Knowledge, Lack of Training, Monetary Cost, Perception of
PLM, Resistance to change, Security Concerns, and Time Requirement. It is important to note that
these barriers were not consistently found within the literature regarding PLM implementation and
often each source had a different combination of these barriers. This indicated a need to confirm
which of these barriers existed during the PLM implementation process. This conformation took
the form of a survey provided to professionals in the PLM space. Through this survey it was
determined that the barrier Lack of Interoperability was not believed by a majority of participants
to exist in the PLM implementation process. This finding was unexpected, as this barrier was
identified in the literature by multiple authors such as Erasmus & Jacob (2015), Saaksvuori (2011)
and Silventoinen et al. (2009) who outlined the issues with system interoperability that companies
and more commonly SMEs face when working with multiple companies that each have their own
system and data management requirements. It is important to note that the exclusion of this barrier
may be due to the low sample size of 8 valid responses and a larger sample may have shown

professional confidence in its existence.

Building on the original list of barriers, two additional barriers were reported by participants,
these consisted of Lack of Knowledge on Current Business Practices, and Complexity of Required
Configuration. To add the barrier Lack of Knowledge on Current Business Practices, the barrier
Lack of Knowledge was separated into two distinct barriers. The Lack of knowledge barrier was
intended to cover knowledge surrounding the PLM solution implementation which included
knowledge of business practices as outlined by Garetti et al. (2005) and Johansson et al., (2013).
However, through their responses, the participants indicated that they believed there was a need
for a distinction to be made. Similarly, to add the barrier Complexity of Required Configuration,
the barrier Complexity of Products was be separated into two distinct barriers. Complexity of
Products barrier was intended to cover the complexity of commercial PLM systems as outlined by
Batenburg et al. (2006), Garetti et al. (2005), Johansson et al. (2013), Kung et al. (2015), Messaadia
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et al. (2016), and Silventoinen et al., (2009), and any configurations or customizations that were
required as outlined by Abramovici (2007). Through their responses, the participants indicated that
they believed there was a need for a distinction to be made. The addition of this possibility allowed
for the potential configuration, and by extension, customization, of a PLM solution to be separated
from the complexity of the base system, as different implementations may need different levels of

configuration.

It can be proposed that the set of barriers confirmed may be different between multiple PLM
implementation projects. These sets of barriers may include barriers not identified in this study or
the removal of barriers used in this study depending on the companies, or focus area being explored.
This difference could also take the form of different relationship strengths, potentially leading to
impact relationship maps and critical barriers that are implementation specific even when using
the same confirmed barriers. This potential difference in confirmed barriers can illustrated in the
approaches needed to address implementations in companies with legacy PLM systems and those
implementing PLM from a clean starting point. In this study the barrier Lack of Interoperability
was not confirmed by a majority of participants, but this finding may be due to the companies that
were surveyed, as these companies may be among those that implemented a PLM solution without
having to consider connections legacy systems. Whereas a company with a long tradition of
utilizing data management systems or previous PLM solution implementations would likely
consider Lack of Interoperability to be one of the more important barriers to be considered. It is
important to note that the inclusion of these barriers may be due to the low sample size of 8 valid
responses, while a larger sample may show different potential barriers such as Lack of Leadership,
or Quality of Legacy Data being identified as missing or barriers such as Monetary cost being

removed from consideration.

It is important to note that other Multi Criteria Decision Making (MCDM) methods could
have been used in a similar way to the DEMATEL method in this study. Some of these methods
include the analytic hierarchical process (AHP), grey relational analysis (GRA) or technique for
order performance by similarity to ideal solution (TOPSIS). However, as Si et al. (2018) found the
DEMATEL method has the following benefits:
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e |t effectively analyzes the mutual influences (both direct and indirect effects) among
different factors and understands the complicated cause and effect relationships in the
decision-making problem.

e |t is able to visualize the interrelationships between factors via an IRM and enable the
decision maker to clearly understand which factors have mutual influences on one another.

e The DEMATEL method can be used not only to determine the ranking of factors, but also

to find out critical evaluation criteria and measure the weights of evaluation criteria.

Utilizing any of the methods listed above would not have presented the same findings as these
methods do not consider the same aspects when creating a decision-making plan. Especially as
these methods do not focus on influences between elements rather, they explore element

importance if they were completely separate entities.

In addition to these other MCDM methods there are also variations of the DEMATEL method
that could have been used in this study these listed below:
e ANP and DEMATEL
e Fuzzy DEMATEL
e Grey DEMATEL
e Other DEMATEL

These variations of the DEMATEL method may have produced slightly different findings, as
they each consider slightly different aspects in addition to the standard DEMATEL method. These
considerations include concepts such as participant uncertainty, separately weighted criteria, and
separately weighted participants. However, as this study was presented to the PLM community at
large there was no way to effectively assign weight to specific participants, and without a concrete
list of barriers from literature there was no effective way to assign weight to specific barriers. In

the face of these drawbacks the classic version of the DEMATEL method was utilized in this study.
Based on the average impact ranking from the surveyed professionals seen in table 2, the

barrier Resistance to Change was identified as the most impactful barrier to a PLM implementation

and the barrier Security Concerns was identified as the least impactful barrier. However, the first
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nine barrier rankings included the most impactful barrier, all of which remained relatively close to
the adjacent barriers, indicating there is not a clear consensus between professionals on the impact
each barrier has relative to the others. This lack of consensus between professionals on the impact
of barriers is reinforced when looking at the standard deviation and variance between the opinion
impact ranking results. With the only barrier falling below 1 standard deviation, Security Concerns,
also being the only barrier with a comparatively large difference with an adjacently ranked barrier,
indicating that there is consensus on its lowest impact ranking. These rankings were then compared
to the total impact from the DEMATEL method.

Using the DEMATEL method, the total impact of each barrier was determined. The most
impactful barrier was determined to be Resistance to Change, a position that aligns with the impact
ranking provided by the surveyed professionals. However as shown by the relationship value, the
barrier Resistance to Change is an effect barrier, total impact of which on a PLM implementation
is influenced more by other existing barriers than its own influence. This indicates, that while it is
the most impactful barrier, its negative effect on a PLM implementation project cannot be solved
directly. Instead, a majority of its effect will be reduced by addressing the barriers that influence
it. Conversely the barrier with the second highest total impact value, Complexity of Required
Configuration, was determined to be a causal barrier indicating that majority of impact this barrier
has on PLM implementation can be addressed without having to first address any of the connected
barriers. Matching the sentiment found in the professional impact ranking, the barrier with the
lowest total impact was determined to be Security Concerns, helping to solidify its position as the
least impactful barrier that was confirmed to exist in PLM implementations. The total impact
rankings from only three barriers matched their impact rankings provided by professionals:
Resistance to Change, Complexity of Systems and Security concerns (representing the first, fifth
and last places respectively). This could indicate the industry participants surveyed had some level
of accuracy on the impact certain barriers had on the implementation process but were not aligned
on every barrier’s impact. The barrier with the largest difference in the impact rankings determined
by professionals and those determined using the DEMATEL method was Perception of PLM
which jumped from ninth place to third. As an effect barrier, it can be assumed that this jump is
due to the influence exerted on it that was not properly considered by professionals in their

rankings. It can also be seen that three of the top four barriers by total impact value are effect
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barriers, implying that the barriers with the most impact on the implementation of PLM are not
something that can be addressed independently of the other barriers, and trying to do so would
result in the majority of that barrier’s impact remaining. However, without knowing which of the
barrier relationships have a critical relationship value, an effective plan to address these barriers
cannot be created. To find the threshold value to determine a critical relationship, the MMDE

algorithm was used.

Using the threshold value determined by the MMDE algorithm resulted in 8 of the confirmed
barriers having at least one critical relationship to another barrier. Using the definition of a critical
barrier as having a causal relationship value, showing impact independence, and at least one critical
relationship, it was determined that five out of the ten confirmed barriers were critical. these
ordered by total impact value, being Complexity of Required Configuration, Complexity of
Systems, Lack of Training, Lack of Knowledge on PLM Solutions and Lack of Knowledge on
Current Business Practices. Using the definition of an important barrier as having an effectual
relationship value and at least one critical relationship, it was determined that three of the ten
barriers were important, these ordered in total impact value, being: Resistance to Change,
Perception of PLM and Time Requirement. Two of the barriers were determined to be unimportant
these, ordered by total impact value, being: Monetary Cost and Security Concerns. These barrier
distinctions can be seen in IRM shown in figure 13, where the five critical barriers can be seen at
the top of the map acting as a source of impact influence that flows down to the three important
barriers below. The two unimportant barriers can be seen off to the side, not having any critical

relationships connecting them to the other confirmed barriers.

71
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Figure 13. Impact-Relations Map from the DEMATEL method

Following these findings, a general order in which to tackle the confirmed barriers can be seen
above in figure 13. With the five critical barriers, shown in order of total impact: Complexity of
Required Configuration, Complexity of Systems, Lack of Training, Lack of Knowledge on PLM
Solutions and Lack of Knowledge on Current Business Practices being the first barriers to address
during an implementation project. It is important to note that these barriers do not need to be
addressed in the order described, as they can be considered isolated from each other due to a lack
of critical relationships between them. The descriptions of these five critical barriers often refer to
a lack of skills or knowledge needed to understand the inherent complexity of a PLM solution.
The two critical barriers with the largest and second largest impact are Complexity of Required
Configuration and Complexity of Systems both of these barriers directly relate to the PLM systems
that companies use to create the digital backbone of their PLM solutions. To address these barriers,
the PLM software itself needs to be changed to allow for a greater ease of use: modularity of
functions to allow more specialized application of knowledge; a focus on usability during
development; or existing system packages receiving easy to understand resources dedicated to

teaching how to use the systems from a developmental standpoint. The critical barrier Lack of
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Training can be considered in a similar manner, where the best way to address it is to increase
access to the resources necessary to learn the required skills. This could also be helped by easier
to understand systems in general allowing for more intuitive system usage. The barriers Lack of
Knowledge on Current Business Practices and Lack of Knowledge on PLM Solutions need to be
addressed in different manners. A lack of knowledge on business practices is an area that needs to
be defined and managed by the businesses themselves, and no two businesses are identical so there
cannot be a true standard used by all businesses to address this barrier. However, Lack of
Knowledge on PLM solutions has a similar solution to a lack of training, an increase in available

resources on the concept of PLM and the systems that enable PLM.

The three important barriers, ordered by total impact value, are Resistance to Change,
Perception of PLM and Time Requirement. Interestingly, these cannot be addressed in the order
derived from largest impact. Instead, the order to address these important barriers following figure
13 is Time Requirement, Resistance to Change, and Perception of PLM. This is due to the flow of
influence that can be seen, as Time Requirement critically influences both Resistance to change
and Perception of PLM, and subsequently Resistance to Change critically influences Perception
of PLM. The time required to implement a PLM solution is highly variable and can change
throughout a project, to address this barrier, a more efficient implementation process with more
informed frameworks which account for unforeseen problems, may help to better estimate the time
required and ensure that there are not unforeseen issues that would contribute to additional required
time. The barriers Resistance to Change and Perception of PLM can best be addressed by removing
the influences that are exerted on them. This can take the form of the solutions that were suggested
for the critical barriers, once those influences are removed the remaining impact may be addressed
through better explanation on the benefits of PLM and how it could make a job easier, in addition

to extra training resources to ensure that the solution is understood.

Two of the barriers were determined to be unimportant these, ordered by total impact value,
being: Monetary Cost and Security Concerns. These barriers not only had the lowest total impact
values, but also lacked a single critical relationship. Indicating that they are not important when
implementing PLM solutions and can be left till the end of an implementation plan to address. In

this regard, the Monetary Costs of the systems are directly related to the size of the implementation
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and the cost that a provider will charge for the use and support of their system. This is something
that only the company implementing, and the providers can directly influence. As for Security
Concerns, its impact can be addressed through better access to the knowledge regarding PLM
systems and as digital security systems become more robust and easier to utilize this barrier, will

diminish.

This study aimed to answer three main research questions outlined in section 1.3, these
being:
1. What are the barriers to PLM implementation and is there a difference between those
identified in literature and those confirmed by professionals?
2. Is there a difference between barrier impact rankings, based on professional opinion and
those determined utilizing the DEMATEL method?
3. What are the critical barriers determined using the DEMATEL method and the MMDE

algorithm?

There were three discrepancies found between the barriers identified in literature, and those
identified by the study participants. These three discrepancies being a lack of belief in the existence
of the barrier Lack of Interoperability and the addition of the two barriers Lack of Knowledge on
Current Business Practices and Complexity of Required Configuration. Where the two additional

barriers allowed for a more descriptive allocation of barrier influences.

A discrepancy between barrier impact ranked from the opinions of professionals and those
results determined using the DEMATEL method was found. It was also observed that the
professionals surveyed in this study did not have a clear consensus on the impact that each of the
confirmed barriers have on a PLM implementation project. This presents the need for an addition
method to accurately determine said impact, and ultimately determine which of the confirmed

barriers are critical to the success of a PLM implementation project.
Following the use of the DEMATEL method, supplemented by the MMDE algorithm, out

of the 10 confirmed barriers, 5 barriers critical to the implementation of PLM solutions were found.

These ordered by largest impact value being Complexity of Required Configuration, Complexity
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of Systems, Lack of Training, Lack of Knowledge on PLM Solutions and Lack of Knowledge on
Current Business Practices. The 3 important barriers were also identified, these ordered by total
impact value, are Resistance to Change, Perception of PLM and Time Requirement. The barriers
Monetary Cost and Security Concerns were determined to be unimportant to the implementation

of PLM when compared to the other 8 barriers.

This study presented the DEMATEL method, supplemented by the MMDE algorithm
utilizing the analysis of inter-barrier relationships to better determine the total impact each barrier
exerts and to determine which of the confirmed barriers are critical to the implementation of PLM.
The highly variable opinion impact assessments can be used as an indication that professional
opinion alone is not sufficient to create an effective implementation plan, as resources would be
allocated to address barriers solely on highly variable opinion-based impact rankings, resulting in
an implementation plan in which critical barriers do not receive enough resources. Ultimately
resulting in a PLM solution that fails to meet expected results. Instead, the DEMATEL method,
supplemented by the MMDE algorithm can be utilized in existing PLM implementation
frameworks to better allow for the allocation of resources to address each of the barriers to the

implementation of PLM solution.

5.1 Future Work

This study utilized a two-phase approach to identify the barriers to PLM implementation, a
recreation of this study, reaching a larger population size and utilizing a looping approach for
barrier identification could result in a more refined list of barriers to be explored. This type of
study could potentially be used to create a general framework to address the barriers that are found
in the PLM implementation process. It may be the case however that a specialized identification
of barriers and the resulting critical barriers may be implementation specific and not applicable in
each case. This would require the integration of the DEMATEL or a similar method of multicriteria
decision making to be integrated into existing PLM implementation frameworks, allowing a
company to begin their PLM implementation with a more detailed plan to address the issues that

can present themselves during an implementation process.
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There is also a lack of information surrounding the number of professionals normally utilized
in PLM implementation projects making the findings of this study difficult to directly compare to
realized PLM implementation projects. Future studies could potentially investigate the number of
professionals recruited for standard PLM implementation projects and determine if there is a limit
to the number of professional inputs that provide value to an implementation project. It may be
found that the number of professionals involved in these projects is in line with the number of
participants in this study, or it could show that current PLM implementation processes rely on very

few professionals when creating their implementation plans.
Although this study presents an overview of the barriers to PLM implementation, each

identified barrier may be explored individually in further research. There may also need to be

research into the internal factors that affect each barrier.
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APPENDIX A SURVEY 1 -BARRIER CONFIRMATION

Declaration

RESEARCH PARTICIPANT CONSENT FORM

Determining Critical Barriers to Product Lifecycle Management (PLM)
Implementation

Primary Investigator: Nathan Hartman, PhD

Computer Graphics Technology

Purdue University

IRB No. #2021-910

Key Information

Please take the time to review this information carefully. This is a research study.
Your participation in this study is voluntary which means that you may choose not
to participate at any time without penalty or loss of benefits to which you are
otherwise entitled. You may ask questions to the researchers about the study
whenever you would like. If you decide to take part in the study, be sure you
understand what you will do and any possible risks or benefits.

What is the purpose of this study?

This research study aims to investigate the barriers that are present when
implementing Product Lifecycle Management (PLM) and determine if there is a
discrepancy between critical barriers to PLM implementation determined by
professionals in the PLM space and those determined through the utilization of
the DEMATEL method.

The length of this research project is approximately 2-3 months.

The goals of this study are as follows:

1. Investigate the barriers that exist during the implementation of PLM solutions

2. Determine if there is a discrepancy between critical barriers determined by
professionals and those determined by the DEMATEL method.

3. Develop a conceptual model or framework to better identify the critical barriers
that will arise during the implementation of a PLM solution.
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You are being requested to participate in this study due to your experience in the
implementation and or utilization of PLM within the manufacturing industry. We
would like to enroll at least 10 people per organization participating in this study

What will | do if | choose to be in this study?

In this study you will be asked to fill out two surveys regarding the barriers of
implementation to PLM using the Qualtrics survey tool, a link to each survey will
be shared with you via email.

These surveys can be done remotely and do not require face-to-face meetings or
travel.

The first survey will gather data regarding demographic information and
professional experience to be used as filter questions to remove any patticipants
that do not meet the requirements to participate in this study and professional
opinion on the presence of barriers to PLM implementation that were found within
literature around the subject.

The second survey will gather data on the ranked importance of identified barriers
and the strength of the relationships between them. This survey's content will be
updated based on the responses from the first survey so that it included all
barriers that were identified by participants.

We will be using statistical analysis to identify the barriers that are faced when
implementing PLM on the data gathered from the first survey.

We will be using statistical analysis and the DEMATEL metheod to determine
which of these barriers are critical based on the data gathered from the second
survey.

How long will | be in the study?

This study is expected to take 2-3 months and is split into two different instances
of data collection that will be administered at two separate times.

Each survey is expected to take no more than 20 minutes to complete and can be
completed at any time until the listed return date.
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Each stage of data collection will last 3 weeks, with an additional week being
reserved if insufficient responses are collected. The second round of data
collection will begin 1-5 days after the conclusion of the first round of data
collection, to allow for a modification to the second survey.

What are the possible risks or discomforis?

The risks and discomforts that may be faced during this study are no greater than
the participant would encounter in daily life or during the performance of routine

physical or psychological exams or tests.

Breach of confidentiality is always a risk with data, but we will take precautions to
minimize this risk as described in the confidentiality section.

Are there any potential benefits?

There are no anticipated direct benefits to participants, but organizations the
participants belong to may benefit from the findings of this study.

Are there costs to me for participation?

There are no anticipated costs to participate in this research.

This section provides more information about the study

Will information about me and my participation be kept confidential?
The project's research records may be reviewed by the study sponsor/funding
agency, Food and Drug Administration {if FDA regulated), US DHHS Office for
Human Research Protections, and by departments at Purdue University

responsible for regulatory and research oversight.

All identifiable research records, data, specimens, etc. will only be accessed by
the research team.

All data will be stored within Purdue Box data storage, requiring valid login
information to access.

Data gathered in this study will be de-identified after the study is completed but
will not be destroyed.

Any results disseminated will have any identifying information removed as the
identifying information gathered in this study is only used to determine if a
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participant meets the reguirements to participate in this study and are not relevant
to the topic being studied.

De-identified data may be used in future studies.
What are my rights if | take part in this study?

You do not have to participate in this research project. If you agree to participate,
you may withdraw your participation at any time without penalty.

If a participant wishes to withdraw from this study after completing the first survey,
the data they provided can not be withdrawn as it will have been used to update
the content found in the second survey and all secondary surveys must be
identical to be compared.

If a participant wishes to withdraw from this study after completing the second
survey their data from the second survey will be withdrawn without penalty.

Participation in this study may be terminated without the participant's consent if
the participant is determined to not have met the requirements to supply valid
data for this study.

Who can | contact if | have questions about the study?

If you have questions, comments, or concerns about this research project, please
email Kevin J. Del Re at kdelre@purdue.edu or call {847) 997-0483.

To repart anonymously via Purdue’s Hotline, see www.purdue.edu/hotline

If you have questions about your rights while taking part in the study or have
concerns about the treatment of research participants, please call the Human
Research Protection Program at (765) 494-5942, email (ib@purdue.edu) or write
to:

Human Research Protection Program - Purdue University

Emest C. Young Hall, Room 1032

155 8. Grant St.

West Lafayette, IN 47907-2114

Documentation of Informed Consent

| have had the opportunity to read this consent form and have the research study
explained. | have had the opportunity to ask gquestions about the research study,
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and my questions have been answered. | am prepared to participate in the
research study described above.

Please complete this Captcha
verification to prove you are not
a robot and that you agree to
participate in the study
described above.

mnol a robe

Demographics
Please indicate your level of work experience in the PLM area.

Less than one year
1-2vyears
2 -3 years
3 -4 years
4 -Hyears

More than 5 years
Please select the number of PLM implementation projects that you have been a
part of.

0
1
2+

Barrier Identification

This section will help to identify the barriers to the implementation of PLM. Based
oh your experience with PLM in your organization, please share your opinion on

the barriers that were identified in the literature surrounding PLM implementation.

Please indicate which of the following barriers you believe exist when
implementing a PLM solution.

Do the following barriers existin PLM implementation?
Yes No
Complexity of Systems
Lack of Interoperability
Lack of Knowledge
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Do the following barriers existin PLM implementation?
Yes No
Lack of Training
Monetary Cost
Perception of PLM
Resistance to change
Security Concerns
Time Requirement

Please indicate if there are any barriers to the implementation of PLM that you
believe were not included within this survey.
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APPENDIX B SURVEY 2 - BARRIER IMPACT & RELATIONSHIPS

Declaration

RESEARCH PARTICIPANT CONSENT FORM
Determining Critical Barriers to PLM Implementation
Primary Investigator: Nathan Hartman, PhD
Computer Graphics Technology

Purdue University

IRB No. #2021-910

Key Information

Please take the time to review this information carefully. This is a research study. Your participation in this study is voluntary which means that
you may choose not to participate at any time without penalty or loss of benefits to which you are otherwise entitled. You may ask questions to
the researchers about the study whenever you would like. If you decide to take part in the study, be sure you understand what you will de and

any possible risks or benefits.

What is the purpose of this study?

This research study aims to investigate the barriers that are present when implementing PLM and determine if there is a discrepancy between

critical barriers to PLM implementation determined by professionals in the PLM space and those determined through the utilization of the
DEMATEL method.

The length of this research project is approximately 2-3 months.
The goals of this study are as follows:
1. Investigate the barriers that exist during the implementation of PLM solutions

2. Determine if there is a discrepancy between critical barriers determined by professionals and those determined by the DEMATEL method.

1/6
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3. Develop a conceptual model or framework to better identify the critical barriers that will arise during the implementation of a PLM soluticn.
You are being requested to participate in this study due to your experience in the implementation and or utilization of PLM within the
manufacturing industry. We would like to enroll at least 10 people per organization participating in this study

What will | do if | choose to be in this study?

In this study you will be asked to fill out two surveys regarding the barriers of implementation to PLM using the Qualtrics survey tool, a link to
each survey will be shared with you via email.

These surveys can be done remotely and do not require face-to-face meetings or travel.

The first survey will gather data regarding demographic information and professional experience to be used as filter questions to remove any
participants that do not meet the requirements to participate in this study and professional opinion on the presence of barriers to PLM
implementation that were found within literature around the subject.

The second survey will gather data on the ranked importance of identified barriers and the strength of the relationships between them. This
survey's content will be updated based en the responses from the first survey so that it included all barriers that were identified by participants.

We will be using statistical analysis to identify the barriers that are faced when implementing PLM on the data gathered from the first survey.
We will be using statistical analysis and the DEMATEL methed to determine which of these barriers are critical based on the data gathered from
the second survey.

How long will | be in the study?

This study is expected to take 2-3 months and is split into two different instances of data collection that will be administered at two separate
times.

Each survey is expected to take no more than 20 minutes to complete and can be completed at any time until the listed retum date.
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What are the possible risks or discomforts?

The risks and discomforts that may be faced during this study are no greater than the participant would encounter in daily life or during the
performance of routine physical or psychological exams or tests.

Breach of confidentiality is always a risk with data, but we will take precautions to minimize this risk as described in the confidentiality section.
Are there any potential benefits?

There are no anticipated direct benefits to participants, but organizations the participants belong to may benefit from the findings of this study.
Are there costs to me for participation?

There are no anticipated costs to participate in this research.

This section provides mere information about the study

Will information about me and my participation be kept confidential?

The project's research records may be reviewed by the study sponsorfunding agency, Food and Drug Administration {if FDA regulated), US
DHHS Cffice for Human Research Protections, and by departments at Purdue University responsible for regulatory and research oversight.

All identifiable research records, data, specimens, etc. will only be accessed by the research team.
All data will be stored within Purdue Box data storage, requiring valid login information to access.
Data gathered in this study will be de-identified after the study is completed but will not be destroyed.

Any results disseminated will have any identifying information removed as the identifying information gathered in this study is only used to
determine if a participant meets the requirements to participate in this study and are not relevant to the topic being studied.

De-identified data may be used in future studies.

38
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What are my rights if | take part in this study?

You do not have to participate in this research project. If you agree to participate, you may withdraw your participation at any time without
penalty.

If a participant wishes to withdraw from this study after completing the first survey, the data they provided can not be withdrawn as it will have
been used to update the content found in the second survey and all secondary surveys must be identical to be compared.

If a participant wishes to withdraw from this study after completing the second survey their data from the second survey will be withdrawn without
penalty.

Participation in this study may be terminated without the participant's consent if the participant is determined te not have met the requirements to
supply valid data for this study.

Who can | contact if | have questions about the study?

If you have questicns, comments, or concerns about this research project, please email Kevin J. Del Re at kdelre@purdue.edu or call (847)
997-0483.

To report anonymously via Purdue’s Hotline, see www .purdue.edu/hotline

If you have questicns about your rights while taking part in the study or have concerns about the treatment of research participants, please call
the Human Research Protection Pregram at (765) 494-5942, email (irb@purdue.edu) or write to:

Human Research Protection Program - Purdue University

Emest C. Young Hall, Room 1032

155 8. Grant St.

West Lafayette, IN 47907-2114

Documentation of Informed Consent

I have had the opportunity to read this consent form and have the research study explained. | have had the opportunity to ask questions about
the research study, and my questions have been answered. | am prepared to participate in the research study described above.
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Critical Barrier Identification

Please rank the following identified barriers to PLM implementation from 1 to 10 where 1is the most impactful and 10 is the least.

Complexity of Systems

Complexity of Required Configuration
Lack of Knowledge on PLM solutions
Lack of Training

Monetary Cost

Perception of PLM

Resistance to Change

Security Concerns

Time Requirement

Lack of Knowledge on Current Business Practices

Please complete the following causal relationship matrix table from row to column.
Ranking values from 0 to 4 where 0 is no influence and 4 is very high influence.

EXAMPLE: How the determined barrier "Complexity of Systems" influences the columns adjacent to it.

Lack of
Complexity  Knowledge
Complexity  of Required on PLM Lack of Monetary Perception Resistance
of Systems  Cenfiguration  solutions  Training Cost of PLM to Change

Complexity 0
of Systems
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Security Time
Concerns  Requirement

Lack of
Knowledge
on Current

Business
Practices
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Lack of
Knowledge
on PLM
solutions

Complexity
of Required
Configuration

Complexity
of Systems

Complexity
of Required o
Configuration

Lack of

Knowledge 0
on PLM

solutions

Lack of
Training

Monetary
Cost

Perception of
PLM

Resistance
to Change

Security
Concemns

Time
Requirement

Lack of
Knowledge
on Current
Business
Practices

Additional Critical Barriers

Lack of
Training

Monetary Perception

Cost

of PLM

Resistance
to Change

Please provide any barriers to the implementation of PLM that you feel this research may have missed
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Security Time
Concerns  Requirement

Lack of
Knowledge
on Current

Business
Practices
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APPENDIX C INITIAL RELATIONSHIP MATRICIES

Initial Relationship Matrices

Complexity of
Systems

Complexity of
Required
Configuration

Lack of Knowledge
Regarding PLM
Solutions

Lack of
Training

Monetary
Cost

Perception
of PLM

Resistance to
Change

Security
Concerns

Time
Reguirement

Lack of Knowledge on
Current Buisiness
Practices
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Security Concerns

Time Requirement

Lack of Knowledge on
Current Buisiness
Practices

Complexity of
Systems

Complexity of

Lack of Knowled|

Required
Configuration

Regarding PLM
Solutions

Lack of
Training

Monetary
Cost

Perception
of PLM

Resistanceto
Change

Security
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Time
Requirement

Lack of Knowledge on
Current Buisiness
Practices
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B
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