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Abstract

Thesis Title: A Continuous Improvement Approach for Outsourced After-Sales Field

Repair Services Contracting
Author: Aly Owida

Manufacturers are forced to shift their traditional business focus from product offerings
to integrated products and services to face the increasing competition in the market.
Hence, they engage in service supply chains by hiring suppliers to efficiently provide
services to their customers. Service supply chains are more complex and challenging than
manufacturing supply chains and require more intense buyer-supplier collaboration;
however, few studies addressed such collaboration and its implementation. Based on
formal interactions with a multinational computer manufacturer who provides integrated
products and services solutions to its customers in Europe; the Middle East; and Africa,
it was found that the company’s goal is to improve after-sales field repair services
contracting, with a particular focus on the Middle Eastern emerging markets which are
growing fast. Research work in this thesis was carried out in three phases. The first phase
aims at developing a contracting methodology for the outsourcing of field repair services.
The second phase aims at exploring field repair service practices in the Middle Eastern
emerging markets using a multi case study which showed both cultural and economic
differences but little operational difference between both established and emerging
markets. Due to little operational differences, data from an established market was used
in the third phase to test the developed contracting methodology. This methodology
extends the traditional supplier selection by adding an application feedback stage at the
concluding stages of the selection process including a continuous improvement element
that supports strategic and performance-based contracting and enables improving the
current, not the subsequent, contracting process. A framework is proposed to allow for a
buyer-supplier collaborative negotiations including an execution approach for the
implementation of continuous improvement over the contract lifecycle with agreement
on benefits sharing. Business process modelling and simulation is used to model the
service provision and simulate the predicted improvements as it offers a quick, easy to
use, and understandable approach for all users. Framework testing using case company
data has shown to provide significant improvements in terms of ongoing cost reductions
and improved service quality. The combined use of business process modelling and
simulation has shown to be a practical and effective decision support tool that allows for
rapid evaluation of improvements at the pre-signing stage of the contract.
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1 Introduction

1.1 Introduction

Driven by increasing competition; technological changes; new customer demands;
decreased sales margins; and availability of lower-cost alternative products,
manufacturing firms are forced to shift their traditional business focus from product
offerings to integrated products and services (Kindstrom 2010; Lockett et al. 2011; Crozet
and Milet 2017) to create an alternate competitive advantage rather than just product
specifications, quality, or price. There are also demands for greater responsibility of the
manufacturer for their products throughout the entire lifecycle (Datta and Roy 2010),
while developments in telecommunication infrastructures and improvements in
transportation are recognized as other motivations for this shift (Crozet and Milet 2017).
This paradigm shift, often referred to as servitization, creates innovation potential to
increase manufacturers sustainable competitiveness (Meier ef al. 2010) in both local and
global markets (Crozet and Milet 2017). There is clear evidence that manufacturers are
servitizing their products (Neely et al. 2011) because services offer large, new, and steady
sources of revenue streams with higher profit margins and less asset requirements than

product manufacturing (Crozet and Milet 2017).

Hence, services are gaining more attention from manufacturers (Macchi et al. 2016;
Crozet and Milet 2017; Saccani et al. 2017) who are pursuing service-led growth
(Kindstrém 2010). This is forcing manufacturers to engage in service supply chains which
have different characteristics than the more traditional manufacturing chains with which
they are familiar. These service chains are triadic in nature due to the direct interactions
between the three involved parties; manufacturer, customer, and service provider. Service
supply chains typically require more collaboration between the involved parties than
those involved in manufacturing supply chains (Zhang et al. 2009). In addition, service
supply chains are not as straightforward as manufacturing supply chains, since multiple
actors including the customer, are involved in service design; production; and delivery
and the value cannot be transformed; transported; or inventoried in the same way as

industrial goods (Giannakis 2011; Selviaridis and Norrman 2014). This means that
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demand volatility must be absorbed through excess of allocated parts and personnel,

which can represent a large component of the total operating cost.

An important avenue for manufacturers to servitize and distinguish their offerings is to
pursue a product service strategy, a solution known as a Product Service System (PSS)
(Beuren et al. 2013) which is triggered by the addition of service components in the total
offering (Adrodegari et al. 2017). A PSS extends the traditional functionality of a product
by incorporating additional services where the emphasis is on the ‘sale of use’ rather than
the ‘sale of product’ (Baines et al. 2007). PSS offerings include several types of services
in which most take place after the sale (Saccani et al. 2014). After-sales services are
activities that are devoted to support customers in the use and disposal of products (Murali
et al. 2016). The offering of product service solutions in the form of after-sales services

in addition to products offerings has become a common competitive practice.

Organizations are interested in providing after-sales services (Murali et al. 2016) which
is proven to be critical for manufacturers that are shifting to integrated products and
services offering (Rapaccini et al. 2014), i.e. PSS offering. After-sales service is regarded
as an important factor that has an impact on establishing good relationships with
customers (Kurata and Nam 2010) which contributes to profitability, customer retention,
and product development (Saccani et al. 2007). It can be a source of revenue, profit, and
competitive advantage in most manufacturing industries (Gaiardelli et al. 2007; Kurata
and Nam 2010; Murali et al. 2016) and recognized as a strategic tool in the durable
consumer product market (Kurata and Nam 2013). Profit margins of after-sales services
are often higher than those obtained with the product sales, and it may generate at least
three times the turnover of the original purchase during a given product lifecycle (Legnani

et al. 2009).

Although it is well known that the margin from after-sales service is much larger than
that from the product (Kurata and Nam 2010), only companies that provide services
efficiently can benefit from it (Cohen et al. 2006a). Many manufacturing firms find it
tough to compete in the aftermarket (Cohen et al. 2006a) and find it challenging to
manage their after-sales service supply chain (Cohen et al. 2006b; Saccani et al. 2017) as
delivering after-sales services is more complex than manufactured products (Cohen et al.

2006a). In addition, after-sales services; including warranties; cost manufacturers a

2
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substantial amount of money (Chien et al. 2005; Kurata and Nam 2010). Therefore, it is
vital to ensure both efficient and effective provision of after-sales services to incur

minimum cost and to satisfy customers.

Manufacturers often lack service-oriented capabilities (Saccani ef al. 2014) and are not
able to master internally all the relevant service activities for moving from products to
solutions, which is rarely economically viable (Gebauer et al. 2013). Hence, they usually
opt to outsource the service provision, with outsourcing recently receiving great attention
in various industries (Aksoy et al. 2014). Manufacturers also typically outsource service
provision to gain a competitive advantage, provide the service more efficiently, reduce
service cost, or focus on their core business. This requires hiring suppliers to provide
services efficiently and effectively throughout the life of the PSS to customers with an

agreed service level and at the minimum cost.

1.2 Services Contracting

The shift towards service operations requires manufacturers to focus on their relationship
capabilities (Brax 2005) and is encapsulated by five underlying shifting trends: products
to solutions, outputs to outcomes, transactions to relationships, suppliers to network
partners, and elements to eco-systems (Neely ez al. 2011). In today’s competitive business
environment, organizations stand to gain by the way in which they render service to their
customers (Murali et al. 2016). As manufacturing firms interest in the role of services
continues to grow (Baines et al. 2017) through making the transition towards increased
service offerings, provided by external third parties, they do so steeped in the tradition of

manufacturing-based principles and associated supplier selection strategies.

Suppliers’ performance has a significant impact on cost, quality, delivery and service
(Dursun and Karsak 2013). Moreover, the success of a supply chain is highly dependent
on selection of right suppliers (Ng 2008) that can add value to the new offering
(Kindstrom 2010) to significantly reduce the purchasing cost and improve firms
competitiveness (Dursun and Karsak 2013). When suppliers provide part of the total
service to the customer, the supply chain transforms to a triad (Li and Choi 2009) in which
the buyer contracts a supplier to deliver services directly to the buyer’s customer (Wynstra

et al. 2015). Service supply chains differ from manufacturing supply chains in that they
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are more challenging and complex to manage and triadic by nature (Finne and Holmstrém
2013). After-sales services including repair and maintenance require more intense buyer-
supplier collaboration than traditional manufacturing relationships (Lockett et al. 2011;
Saccani et al. 2014). Therefore, supplier selection should be based on strategic
consideration rather than price based criteria. This highlights the need for more strategic

partners than traditional suppliers.

Services outsourcing is more ubiquitous than ever and is expected to expand in the future
(Li and Choi 2009). It requires more collaboration than those in manufacturing industries
(Feng et al. 2011) with a growth leading to increased network-based supply chains rather
than large vertically integrated firms (Wynstra et al. 2015). Such supply chains are
extended to accommodate service providers contracted based on their performance
(Selviaridis and Norrman 2014; Selviaridis and Wynstra 2015). As manufacturing
offerings become more servitized, firms include support services and performance-based
contracts to set higher barriers to competition (Baines ef al. 2017). This lies in line with
the change in contracting focus from traditional contracts toward performance-based
(Kim et al. 2007; Hypko et al. 2010) and longer-term contracts with collaborative supply
chain partnerships (Prajogo and Olhager 2012; Mayer et al. 2016) and effective
information sharing (Lockett et al. 2011).

In servitized environments where a manufacturer offers PSS and outsources the service
provision, the relationship with suppliers has been enhanced into strategic level where
suppliers are now considered as the integral part of the firm’s operations (Prajogo and
Olhager 2012; Gebauer et al. 2013) and buyer-supplier relationship establishment is
critical (Saccani et al. 2014). Effective collaboration among partners improves the overall
efficiency of the supply chain (Prajogo and Olhager 2012) and has a direct effect on a
firms’® competitive performance (Ng 2008; Prajogo and Olhager 2012). In addition,
bidirectional information exchange contributes for setting-up a long-term relationship
with partners (Saccani ef al. 2014). However, studies addressing implementation of such

collaboration and information sharing are limited (Saccani et al. 2014).

Most companies across industrial sectors are implementing purchasing cost reduction
plans through adopting continuous improvement (Kerbache and van Delft 2014). In

service provision, continuous improvement implementation is much more difficult than

4
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in product manufacturing; however, the extent of research focusing on continuous
improvement in services does not reflect its growing importance (Audretsch ez al. 2011).
Few studies have proposed the application of tools for continuous improvement in a

collaborative manner within the supply chain (Mayer et al. 2016).

The current business environment is characterized by strong innovations in company
business models and how to manage value-creation chains such as integrated products
and service offerings (Chalal et al. 2015), i.e. PSS offerings. Thus, new methodologies
for strategic performance-based contracting that can fit in service-based systems and
product service systems are required. The goal of such methodologies is to enhance

buyer-supplier relationship in a collaborative-based environment.

1.3 Research Motivation

The motivation for this study stemmed from a real case company, which is referred to as
Company X or the case organization in the remainder of the thesis. It is a large
multinational computer manufacturing organization who is providing PSS to its
customers through selling a range of products and their associated after-sales services to
markets across the globe. The case organization base in Ireland, is responsible for the
provision of after-sales services in Europe, the Middle East, and Africa (EMEA) region.
These services play a major role in the case organization business model where the on-
site, field, repair is considered as the most important provided service for the case
organization because it requires high cost and has significant influence on customer
satisfaction. Due to current perceived growth in the emerging markets, the case
organization is focusing on emerging more than established markets within the EMEA
region for future service consolidation and expansion. According to a Nasdaq online
article®, an emerging market is a country in the process of rapid growth and development
while an established (developed) market is a country that has an advanced (developed)
economy. Although the case organization have experience in selling products in emerging
markets, provision of PSS in some of those markets is still at its early stages. The case

organization wants to benefit from the considerable potential of those emerging markets,

*Available online at https://www.nasdaq.com/article/what-is-the-difference-between-a-developed-
emerging-and-frontier-market-cm 140649
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particularly, in the area of field repair services associated with PSSs in the Middle Eastern
emerging markets. Hence, there is a need to study the provision of field repair services

by different companies across various industries in the Middle Eastern emerging markets.

The case organization provides the field repair service through external third parties in
which around 100 suppliers are contracted within the EMEA region. Based on the
significant growth in services, the demand of services purchased and the number of
service calls received are increasing leading to an increased outsourcing activity.
Outsourcing of field services enables Company X to offer high quality service to their
customers at a competitive price. However, the outsourced service spending must be
continuously reduced to face increasing competition. The case organization have used
reverse auctions as a supplier selection approach to achieve cost savings in the outsourced
services in the past and although initially achieving savings have found them to be less
effective over time. This is in line with the literature, which suggests developing long-
term collaborative relationships with fewer partners and using continuous improvement
approaches (Prajogo and Olhager 2012; Mayer et al. 2016) while moving away from
traditional adversarial relationships with multiple suppliers (Emberson and Storey 2006;

Feng et al. 2011).

Hence, Company X have already engaged in an initial research activity as studied by
(Blake 2009) which proposed a collaborative supplier selection strategy alternative to
reverse auctions in the outsourcing of after-sales field repair services. The author
developed a simulation based model using a traditional simulation package (Plant
Simulation) to model and cost the service process. While the previous study advances
supplier selection, the use of a traditional simulation package was complex for business
users (buyer and supplier representatives) and requires both technical simulation and
computer programming experience (e.g. coding). Hence, further research is needed to
develop an easier and more structural contracting methodology that allows for the final
selection of suppliers and for establishing buyer-supplier strategic partnership based on
continuous improvement. In addition, an execution approach is required to enable the
implementation of continuous improvement over the contract lifecycle. This aims to
ensure generating reasonable profits for all the engaged parties while maintaining

customer satisfaction through the quality of the provided services. Therefore, this study
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builds upon that foundation according to both the case organization issue and the reported
suggestions by the literature to solve it through developing a continuous improvement

approach that can support service contracting in both established and emerging markets.

1.4 Research Aim and Thesis Design

There is a clear need to establish and enhance buyer-supplier relationships and strategic
collaborative partnerships in service triadic environments. However, there is a lack of
published research to address collaborative long-term buyer-supplier scenarios for service
partner selection and contracting. Given the importance of outsourcing services and the
fast moving development in the Middle Eastern emerging markets, this study aims to
review and analyse the current existing contracting activities for outsourcing after-sales
field repair services with a specific focus on the Middle Eastern emerging markets.
Moreover, it aims to assess the potential for improving after-sales field repair service
contracting through developing continuous improvement approach to support service

contracting in both established and emerging markets.
A set of objectives have been identified as follows to achieve the overall aim of this study:

1) To analyse the outsourced after-sales field repair service contracting approaches
currently used by the case organization and described in literature.

2) To understand the after-sales field repair service provision of the case
organization in both established and emerging markets.

3) To develop a framework for strategic performance-based contracting based on
continuous improvement to improve the efficiency and effectiveness of
outsourced after-sales field repair service contracting.

4) To explore after-sales field repair service practices across various industries by
evaluating a number of multinational organizations providing product service
systems in the Middle Eastern emerging markets.

5) To develop a trial-ready approach for outsourced after-sales field repair service

contracting in both established and emerging markets.

To achieve these objectives, research work was carried out in stages and presented in the

following chapters. Figure 1-1 illustrates the thesis design.
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Figure 1-1: Thesis design.

1.5 Research Contributions

The main contributions of the research carried out in this thesis are presented as follows:

1. Presenting a systematic review of the after-sales field repair service from existing
literature in the manufacturing context, which was lacking.

2. Proposing a novel methodology for service contracting based on collaborative
continuous improvement to support strategic relationships.

3. Analysing the after-sales field repair services associated with product service
systems in the Middle Eastern emerging markets.

4. Developing a structural execution-based approach for the implementation of

continuous improvement to support buyer-supplier partnerships.

1.6 Published Contributions to Date

Owida, A., Byrne, P.J., Heavey, C., Blake, P., El-Kilany, K.S. (2016) ‘A simulation based
continuous improvement approach for manufacturing based field repair service

contracting’, International Journal of Production Research, 54(21), 6458—6477.
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1.7 Thesis Outline

This chapter introduced the research area of interest and identified the overall aim and
research objectives of this thesis. This section outlines the contents of the remaining

chapters contained within this thesis.

Chapter 2 — Literature Review: This chapter provides a systematic and comprehensive
review on after-sales field repair services to understand the domain and its boundaries
within the manufacturing context, particularly for PSS providers. The chapter also
presents a descriptive analysis of the published research on this domain to show its
development and evolvement. Finally, the chapter identifies the potential research gaps

and future research opportunities of the domain.

Chapter 3 — Methodology: This chapter presents the overall research methodology of
the thesis. It identifies the different research methods used to carry out the study and why
these methods were selected. The chapter illustrates the deliverables of the following

chapters and how they contribute collectively to achieve the overall aim of the thesis.

Chapter 4 — Service Contracting Framework: This chapter presents a performance-
based contracting framework incorporating a simulation-based continuous improvement
approach for use in the final stage of supplier selection for manufacturing-based field
repair service contracting. The chapter describes the conceptual design of the proposed

framework and the methodological design of the continuous improvement approach.

Chapter 5 — Evaluating Product Service Systems in Emerging Markets: This chapter
presents a multi case evaluation of manufacturing-based field repair service systems
operated by a number of multinational organizations in the Middle Eastern emerging
markets. The chapter presents a cross-case analysis and identifies the differences between

established and emerging markets.

Chapter 6 — Continuous Improvement Approach Implementation: This chapter
presents the use of business process modelling to describe the case organization service
supply chain and business process simulation to test the continuous improvement
implementation over the contract lifecycle. The chapter describes both the conceptual and

simulation models development, verification, and validation using a detailed real case
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example from the case organization operations in an established market. However, it can
be used in emerging markets based on research presented in Chapter Five, which finds no

operational difference between the two market types.

Chapter 7 — Conclusions: This chapter provides a summary of the main results of the
research presented in this thesis. The chapter also outlines the limitations of this work and

the future research opportunities to expand its scope.

Appendix 1 — Structured Review Papers List: This appendix presents the list of the 98

reviewed papers along with an overview of each individual paper.

Appendix 2 — Field Repair Service Performance Measures: This appendix presents
the full list of literature references that discuss the field repair service operational,

financial, and service quality performance measures.

Appendix 3 — Interviews Documentation: This appendix presents the answers collected

from the twelve cases during the interviews.

Appendix 4 — Basis BPMN Modelling Elements: This appendix presents a list of the
BPMN standard basic modelling elements that are depicted by the notation.

Appendix 5 — Sensitivity Analysis: This appendix presents the full details of the
sensitivity analysis which did not presented in the body of the thesis.

10
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2 Literature Review

2.1 Introduction

Chapter One gave an introduction to the thesis, in which it is clear that there is a need for
understanding the area of after-sales field repair services. The purpose of this chapter is
to review the existing literature published in this area. The motivation for this review is
derived from the increasing importance of after-sales field services provision for
competitive differentiation and its evolution from an unwanted necessity to strategic and
integral consolidated value adding activity in its own right (Agnihothri et al. 2002; Tang
et al. 2008). There is an apparent strategic shift and continued growth in this area within
the manufacturing context, in particular for PSS providers; however, a comprehensive
review of after-sales field repair service is lacking to date. The main aim of this chapter
is to present a consolidated position for after-sales field service for manufacturers
providing PSS while specifically focusing on field repair service research domain. Hence,
after presenting an overview of field services in the manufacturing context, this review
describes the field repair service literature and introduces a classification of the research
areas and topics addressed in this domain. Moreover, this chapter focuses on analysing
the field repair service domain in detail by systematically reviewing the existing literature
to identify the current state of the domain and to better understand its associated
dimensions along with identifying implications for further research development in the

domain.

Based on its importance mentioned in Chapter One, provision of after-sales services is a
key revenue generator and a main competitive differentiator (Murali e al. 2016) leading
to competitive advantage for manufacturers (Wickramasinghe and Mathusinghe 2016),
which can satisfy and retain customers (Murali and Pugazhendhi 2015). As servitization
is growing everywhere (Crozet and Milet 2017) and manufacturers tend to provide PSSs
through extending their offerings to add service components (Adrodegari et al. 2017),
after-sales services have a significant influence on manufacturers competitiveness in the
market when used in such extended product-service offerings (Murali and Pugazhendhi

2015).

11
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After-sales services business is more important than before, growing in volume, and
becoming a major profit centre (Murali and Pugazhendhi 2015). This enables after-sales
service to evolve as a strategic driver that can ensure increased customer satisfaction,
retention, and market growth (Wickramasinghe and Mathusinghe 2016). Thus,
organizations are interested in providing after-sales services to achieve a competitive edge

(Murali et al. 2016).

A particular type of after-sales service performed at the customer’s location is considered
a field service (Bijvank et al. 2010) which constitutes a major part of after-sales services
(Agnihothri and Mishra 2004). Field service is concerned with meeting service needs of
products after they are sold (Vardar et al. 2007) including product installation, spare parts
selling and delivery, training, configuration and upgrades, warranty renewal, inspection,
replacement, maintenance, repair, and product disposal (Agnihothri et al. 2003; Nordin
2005; Hertz and Finke 2011; Zhou et al. 2016). Although field service was historically
seen as an unwanted additional cost of doing business (Tang et al. 2008), it is now seen
as a strategic necessity. It has become increasingly important for equipment
manufacturers (Zhou et al. 2016) with an increasing interest from many industries with a

large number of applications (Rapaccini et al. 2008).

Field service has a significant impact on improving customer satisfaction (Cheong et al.
2015; Xu et al. 2015), obtaining competitive advantage, and increasing profitability
(Zhou et al. 2016). Providing field services builds and maintains long-term relationships
with customers (Wang and Yow 2011) and can be a source for stronger market
competitiveness (Zhou et al. 2016). Therefore, there is a trend of an increasing number
of manufacturers offering field services to customers rather than only providing products
(Zhou et al. 2016). By its very nature, field repair service is of strategic importance to a
manufacturing-based organization that wishes to retain and grow its customer base. Based
on its high cost and its significant influence on customer satisfaction, field repair service
is the main focus of this chapter, which is considered as the most important provided

service for the case organization.

In terms of understanding the field repair service domain, a systematic review of papers
published from the first publication in year 1980 to 2017 has been conducted using

leading academic databases, keyword search, and paper search refinement techniques.

12
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This methodology is explained in detail in Section 2.3. To guide this review, the following

research questions have been posed:

RQ1. What are the boundaries to the after-sales field service domain in the manufacturing
context?

RQ2. How has field repair service research evolved from its original presentation in
19807

RQ3. What are the research gaps and future research opportunities for field repair service?

The remainder of the chapter is organized as follows. Section 2.2 presents an overview
of after-sales field service and its boundaries in the manufacturing context. Section 2.3
describes the research approach used to conduct the review. Section 2.4 analyses field
repair service literature and presents descriptive statistics to show its research
evolvement, followed by Section 2.5, which assesses field repair service application areas
and presents their findings. Section 2.6 presents a discussion of the research findings
along with identified research gaps and future research opportunities, followed by

research conclusions in the final section.

2.2 After-Sales Field Service

To define after-sales field service and identify its boundaries in the manufacturing
context, the following five questions regarding the service provision need to be addressed:
when, where, who, for whom, and how. There are many forms of manufacturing-based
services that can be provided to customers which are categorized according to the
following five questions: when the service is provided - before or after the sale; where
the service is provided - manufacturer’s or customer’s premise; who provides the service
- manufacturer or service provider; for whom the service is provided - individual customer
or business customer; and how the service is requested and provided - planned or

unplanned and physically or remotely.

Although manufacturing-based services provision can take place before or after the sale,
field service typically occurs after-sale. Manufacturers providing services have two main
approaches to choose from regarding where to provide the service: field-based services
and facility-based services. In field-based service, it is the responsibility of the

manufacturer or the service provider to provide services to customers at the product’s

13
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installation site which can be the customer’s premise or any place in the field. For
example, providing field service for a mobile unit operating in the field such as a heavy
equipment. In facility-based service, customers access a designated manufacturer service
facility (Agnihothri et al. 2002). In field-based service, the required personnel, parts,
tools, and documents are dispatched to the customer's site (Zarnani et al. 2007). In a
facility-based service, required personnel, parts, tools, and documents are available at a
centralized service facility (Lehtonen ef al. 2012). Manufacturers providing services have
to decide whether to provide those services themselves or through hired specialized

service providers.

Additionally, field service can be provided to individual customers (i.e. business to
customer setting - B2C) or business customers (i.e. business to business setting - B2B)
who use consumer products (consumer goods) or industrial products (capital goods).
Field services provided to business customers who use industrial products are called
Industrial Product Service Systems (denoted as IPS?) or industrial field services. IPS? is
the integrated development and delivery of product and service shares in the industrial
area (Uhlmann et al. 2016) where it’s main objective is the guarantee of a specific
machine tool’s availability (Uhlmann et al. 2016) by providing industrial field services
such as classical maintenance, repair, and overhaul services (Hertz and Sproedt 2013;
Uhlmann et al. 2016). Furthermore, field services include all maintenance activities
(Colen and Lambrecht 2012) which vary from scheduled maintenance to unscheduled
situations (Kellett 2005) and although field service is usually performed at the customer’s
site (Vardar et al. 2007), it can be indirect, remote, off-site, on-site, proactive, or
customized supports (Agnihothri et al. 2002; Legnani et al. 2009) using different forms
of communications such as phone, web, or satellite. In other words, the provided service
is considered a field service as long as the product has not been moved from its location

and regardless of the location of the service provider personnel.

Given that field service includes sending field technicians to perform various tasks on
geographically dispersed products (Lin ez al. 2002), various types of field services have
been mentioned in the literature which can be provided physically at the customer site (by
sending field technician) or remotely (by off-field technician). For instance, a repair

service can be provided by sending a field technician to the customer site but could also

14
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be provided via a satellite or web connection where possible, while the physical
installation of a manufactured product cannot be provided remotely and must be provided
physically at the customer site. Examples of field service types that must be provided
physically at the customer site or in the field and cannot be provided remotely include
spare parts delivery, installation, replacement, and product disposal. Examples of field
service types that can be provided physically at the customer site, in the field, or remotely
include warranty and contract renewal, training, configuration and upgrades, spare parts
selling, inspection, maintenance, and repair. The decision to provide those services
physically in the field or remotely can be based on the manufacturer’s offerings, product

characteristics, market characteristics, and customer location distance.

In a PSS, the provision of both services and parts associated with products is regulated
by basic or extended warranties (Homer 1999; Hertz and Finke 2011). Basic warranty is
a contractual agreement between a product manufacturer and a consumer to protect the
consumer against defects in materials, unexpected failures, and unsatisfactory
performance (Jack and Murthy 2007). An extended warranty is a service contract between
a consumer and either a product manufacturer or independent company to extend the basic
warranty coverage (Jack and Murthy 2007). It is crucial to define reliable outcome
expectations that meet contractually agreed performance (Adrodegari et al. 2017) stated
in a Service Level Agreement (SLA) which is part of the service contract. SLA is one of
the specific methods that are essential to help customers appreciate the distinctiveness

and benefits of PSS (Adrodegari et al. 2017).

Based on a general analysis of the field service literature, in particular (Rapaccini et al.
2008; Hertz et al. 2012, 2014), field service planning can be divided into three main
phases: strategic, tactical, and operational. Strategic planning encompasses districting
planning (i.e. installed base territories for technicians and parts); qualification planning
(i.e. technicians’ skill sets, skill mix, and skill cross-training policies); and location
planning (i.e. technicians’ homes or bases and parts warchouses). Tactical planning
encompasses process planning (i.e. definition of all information, financial, parts, and
people flows in the network including dispatching policies for technicians and parts);
manpower capacity planning and inventory planning (i.e. numbers of technicians and

parts based on demand forecasting); and transport planning (i.e. modes of transportation
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for technicians and distribution for parts). Operational planning encompasses field visits

scheduling based on importance and routing based on distance.

PSS providers have an ongoing relationship with customers by providing maintenance
and repair services throughout the life of the PSS (Lockett ef al. 2011). Analysis of recent
literature has shown that maintenance and repair are the two most important and most
frequently provided types of field services (Petrakis et al. 2012; Daeuble et al. 2015;
Uhlmann ef al. 2016; Zhou et al. 2016). This is in line with what (Watson et al. 1998)
stated almost 20 years ago, where maintenance services typically being scheduled and
repair services typically unscheduled. Although the population size from which field
service demand occurs is finite (Vardar et al. 2007), field repair demand is stochastic,
difficult to predict (Grzybowska et al. 2015), and increasing all over the world (Amini et
al. 2005; Colen and Lambrecht 2012). Typically arising from real time failures
(Grzybowska et al. 2015), the demand is subject to failure type (Hertz et al. 2012),
location, time window, and requirements (Anim-Ansah et al. 2006). Moreover, field
repair service constitutes a major part of manufacturing-based field services (Lin and
Ambler 2005a) and acknowledged as one of the most important service management

activities (Amini et al. 2005).

To summarize and address RQ1, after-sales field service in the manufacturing context can
be defined as the provision of any type of after-sales services at the customer’s premise
or in the field, by the manufacturer or service provider, to individual or business customer
who own or lease consumer and/or industrial product, according to a scheduled or
unscheduled call either physically or remotely. This review study scope is limited to
manufacturing-based after-sales field repair services, i.e. unscheduled. This is based on
the highlighted importance of field repair service in literature and also because it is
considered as the most important provided service for the case organization On the other
hand, out of its scope are scheduled field services, i.e. installation, maintenance, and
others. Moreover, non-manufacturing field services, manufacturing pre-sales field

services, and manufacturing facility-based services are all out of the review scope.
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2.3 Review Methodology

This chapter presents a structured review of after-sales field repair service literature in
the manufacturing context. Based on a systematic search of the literature, to the best of
the author’s knowledge, the first paper published in this domain was (Thomas 1980) with
publications continuing to date. A comprehensive review from this point to 2017 is
presented with 98 relevant papers identified. Initial observation suggests that with only
98 papers over this 37-year period that the area has only received sparse research
attention. However, notably around 47% of these papers have been published in the last

10 years, indicating the increasing interest in the domain and further motivating this study.

» Reviewing field service literature
Preliminary| ¢ Identifying keywords
Search

 Searching databases

Basic * Refining search results
Search

» Reviewing refind results abstracts

Abstract | ¢ Filtering refined results
Review

* Quick review of filtered results full texts

Full Text | * Identifying relevant results
Review

» Reading relevant results full texts

Structured | * Analysing papers & capturing findings
Review

Figure 2-1: The review research approach.

Figure 2-1 presents the review research approach adopted for identifying literature. In
conducting this research, a preliminary search was performed to identify the suitable
keywords to obtain a portfolio of results with a direct focus on after-sales field service in
the manufacturing context. Then, a literature basic search was conducted using a
structured keyword search in the article title field using the following keywords; “field”

and “service” without quotations. This was followed by a keywords field search using the
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following keywords with quotations; “field service”, “field based service”, “field
support”, “field based support”, “field assistance”, and “field based assistance”. The
search in the article title field has been conducted using four different databases,
alphabetically sorted; Emerald, Science Direct, Scopus, and Web of Science while the
search in the keywords field has been conducted using the same databases except for Web
of Science, because it does not provide this search option. Basic search results were
refined to include journal articles, conference proceedings, and book chapters published
in the English language and to exclude other document types such as meeting abstracts,
editorial materials, magazine articles, notes, and news items as well as results published

in other languages.

Abstracts from the refined search results have been reviewed and filtered so as to remove
irrelevant papers from the sample. Irrelevancy refers to any paper that lies outside
manufacturing-based field repair service scope. Full texts of the filtered search results
have been quickly reviewed in the first instance to make sure that they are relevant to the
review at hand and to remove further irrelevant papers that have made it through the
abstract elimination phase. Finally, all relevant papers which lie within the research scope

have been fully read. Deep content analysis and investigation was conducted for each

paper.

A list of the 98 reviewed papers along with an overview of each individual paper is
presented in Appendix 1. The list includes general information of the paper (i.e. title,
authors, publication etc.); research area (i.e. general and specific research topics
addressed); primary research method (i.e. model-based, case-based etc.); the models used
(i.e. simulation, queuing, mathematical models etc.); secondary research method, if any,
(i.e. case study); studied industry (if any); and number of citations (according to Scopus).

Analysis of each of the previous information are presented next.

Descriptive statistics of the number of published papers, publishing domains, research
areas, number of citations, research methods, used models, and addressed industries are
presented in Section 2.4. Captured research findings on field repair service and its
associated important aspects are presented in Section 2.5. Moreover, research gaps and

future challenges have been identified and presented in Section 2.6.
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Table 2-1: Database search results.

Search Basic Refined | Filtered Total Filtered Full Text | Relevant
Database Field Search | Search | Search Search Results | Available | Results
Results | Results | Results
Title 33 33 6
Emerald 8 4 4
Keywords 2 2 2
: Title 241 229 15
Science 15 14 14
Direct Keywords 19 16 0
Title 1,692 1200 100
Scopus 123 110 73
Keywords 350 334 23
W.eb of Title 1,125 828 60 60 54 31
Science
Other Sources 20
Total Relevant Search Results — after removing duplications 98

Table 2-1 presents a summary of the results for each database searched along with
additional papers found in other sources. Basic search represents the first results of the
used keywords whether in article title field or keywords field without any refinement. The
refined search column represents the results after applying the refinement rules mentioned
earlier. Filtered search represents the filtered results based on abstracts review. Total
filtered search results is the summation of the filtered search results for the same database
according to title field and keywords field searches. Full text available represents the
number of full text papers that are available online. Based on reviewing those full text
papers available online, some papers have been eliminated for the same irrelevancy
reasons mentioned earlier but which had earlier passed the abstract elimination phase
(mostly due to insufficient clarity as to the focus of the paper in the abstract). This leads
to the final count of relevant papers presented in the last column, i.e. relevant results. As
an example, searching Science Direct leads to 241 papers by title field search and 19 by
keywords field search including duplications. After refinement, they became 229 and 16
while after reviewing abstracts, they became 15 and zero respectively where irrelevant
papers and duplicates have been removed. Of the 15 papers, 14 full text papers are
available online while one is not and the 14 are relevant. It is worth noting that the total
number of relevant results presented in the bottom right corner of the table does not
represent the summation of the relevant results of all databases as papers can be

duplicated in more than one database.

19



Aly Owida University of Limerick

In addition to the 98 papers for which full texts have been analysed there are an additional
22 papers that made it through the keyword search and abstract analysis but which have
no full text available online and thus did not make it through to the final sample.
Considerable efforts have been employed to source full texts for those papers through
searches of libraries and databases of the following: University of Limerick and Dublin
City University in Ireland; Arab Academy for Science, Technology and Maritime
Transport in Egypt; Egyptian Knowledge Bank (www.ekb.eg: the largest governmental
online knowledge hub in Egypt); and Library of Alexandria (http://www.bibalex.org: the

largest public library in Egypt). On closer inspection of these 22 papers, it can be seen
that 12 are published pre 2000, while 12 were conference proceedings and 10 journal
articles. Of the 22 only 2 were journal articles published post 2000 (Ahlberg 2001; Shih
2007). Based on these findings the sample of 98 papers is a good reflection of the totality

of this research domain and its current overall positioning.
2.4 Descriptive Analysis

The 98 papers analysed consist of 56 journal articles, 40 conference proceedings, and 2
book chapters which have been published between 1980 and 2017. Figure 2-2 presents
the publication profile over this period. It can be observed that there is a general growing
interest in after-sales field repair service given the increasing trend of the number of
published papers over time, especially after 2004. This interest is driven by the strategic
shift in manufacturing context strategy towards servitization and increasing trend of PSS
provision. A systematic analysis of published papers has been conducted to identify the
primary scope of the publication source for each included paper. Each publication source
webpage has been reviewed to determine its scope. Then, each set of related scopes were
grouped together under a more general domain to form a classification that include all

primary publication sources’ scopes.
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Figure 2-2: Number of after-sales field repair service papers published per year.

For example, International Journal of Production Research (IJPR) scope includes
manufacturing, production, and operations management research

(http://www.tandfonline.com/loi/tprs20); accordingly, papers published in [JPR are

considered under Operations Management domain in the developed classification.
Another example, The European Journal of Operational Research (EJOR) scope includes
operational research and the practice of decision making

(https://www.journals.elsevier.com/european-journal-of-operational-research);

accordingly, papers published in EJOR are identified under Operations Research domain
in the developed classification. This classification covers all primary publication sources

(i.e. journals, conferences, and books).

According to the developed classification, papers have been published across a wide
variety of sources with none being dominant, while also covering a wide array of research
areas. This broad spread of papers and the interconnected published domains are
indicative of the presence of some fragmentation in field repair service research. Lack of
comprehensive and precise definition of manufacturing-based after-sales field service
allows for such a fragmentation. However, after-sales field repair service area is dispersed
over different areas. Figure 2-3 presents the areas covered based on publication scope.
Some areas look irrelevant to after-sales field repair service research such as military and

aerospace. This is due to the applicability of field repair service on different types of
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products such as military and aerospace systems. Operations management is the most
common area, followed closely by operations research. Other areas of significance
include; computing, information systems and information technology and electrical,
electronics, communication and automation confirming the important role of technology
in the field repair service domain. The remaining areas contribution is less than 5% each.
The top two journals represented are the Decision Sciences journal and the International
Journal of Production Economics while the top conference is the International Conference

on Service Systems and Service Management with 4 papers each.

Quality, Reliability & Maintainability
Others

Operations Research

Operations Management

Modelling and Simulation

Area

Military & Aerospace Automatic Testing

Industrial and Systems Engineering

Electrical, Electronics, Communications &
Automation

Computing, Information Systems & IT
Business and Management

0% 5% 10% 15% 20% 25% 30%

Percentage of Papers

Figure 2-3: Published domains.

Given the observed field repair service fragmentation across the published domains and
the interconnection in the different publications scopes, more analysis was performed to
identify the specific areas and topics addressed by the literature. Table 2-2 presents a

classification of the research areas and topics addressed in the literature.
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Table 2-2: Classification of areas and topics addressed in after-sales field repair service literature.

Area

Specific Research Topic

Literature References

Service Planning

(Homer 1999; Youngman 2002; Agnihothri et al. 2003; Agnihothri and Mishra 2004; Zarnani et al. 2007,

Strategic Planning (7) Colen and Lambrecht 2012: Li ef al. 2014)
(Cohen et al. 1990, 2006b; Hill 1992; Waller 1994; Papadopoulos 1996; Watson et al. 1998; Tang et al.
Tactical Planning (12) 2008; Bijvank et al. 2010; Cheong et al. 2015; Zhou et al. 2016; Rahimi-Ghahroodi et al. 2017; Saccani et

al. 2017)

Operational Planning (11)

(Haugen and Hill 1999; Lin and Ambler 2005b; Beniaminy et al. 2009; Zerdin et al. 2011; Petrakis et al.
2012; Zhao et al. 2014; Grzybowska et al. 2015; Xu et al. 2015; Binart et al. 2016; Avraham et al. 2017,

(42) Vossing 2017)
Strategic & Tactical (Hill et al. 1992; Klimberg and Van Bennekom 1997; Vardar et al. 2004, 2007; Amini et al. 2005; Hertz and
Planning (9) Finke 2011; Hertz et al. 2012, 2014; Hertz and Sproedt 2013)
gii;;ilc;l;(zl())peratlonal (Voudouris et al. 2007)
gt;g%ilga;a;{;ﬂifg @) (Anim-Ansah et al. 2006; Rapaccini et al. 2008)
Information & (Blumberg 1994; Citrin and Gross 1996; Kellett 2005; Karandikar and Vollmar 2006; Viehland and Yang
Communication 2007; Eikerling et al. 2007; Aleksy and Stieger 2009; Aleksy et al. 2009; Wang and Yow 2011; Schepers et
Technology (13) al. 2011; Tesfay et al. 2013; Rapaccini et al. 2014; Uhlmann et al. 2016)
gformauon Technology (Blumberg 1981; Agnihothri et al. 2002; Zackariasson and Wilson 2004)
g;iﬁfsdﬁzxsgffgﬁ%‘;t (Sugimatsu ef al. 1994; Hori et al. 1999; Luo ef al. 2007; Lee ef al. 2008; Stieger and Aleksy 2009a, 2009b)
Technology Role ?:éﬁﬁzll(?;g(nzc;ﬁlcs (Bell et al. 1998; Coenen et al. 2000)
(30) ——
?:;nh‘l’lflx‘;“(‘;‘)’““g (Lin et al. 2002; Liao and Lee 2008; Macchi et al. 2016)
Remote Diagnostics
Technologyfil) (Blumberg 1982)
Replaceable Parts
Technology (1) (Jones 1986)

Technology-Driven
Management Systems (1)

(Blumberg 1991)
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Area

Specific Research Topic

Literature References

Service Design
(12)

Strategic Design (7)

(Dzubow 1984; Armistead and Clark 1991; Hull and Cox 1994; Cohen et al. 2006a; Saccani et al. 2007;
Legnani et al. 2009; Hertz et al. 2011)

Policy Design (3)

(Lin and Ambler 2005a, 2005¢; Lin, Williams, et al. 2005)

Service Contracting (2)

(Byrne et al. 2013; Owida et al. 2016)"

Performance Improvement

(Behara and Lemmink 1997; Lehtonen and Ala-Risku 2005; Lin, Lee, et al. 2005; Lehtonen et al. 2012;

Service Network
Uncertainties (1)

Service Performance (@) Daeuble et al. 2015; Murali and Pugazhendhi 2015; Wickramasinghe and Mathusinghe 2016)
(10) ge)rformance Measurement (Visintin and Rapaccini 2009; Finke ef al. 2012; Tatila et al. 2014)
Service Provision (Thomas 1980; Horvath ef al. 1984)
Oth Overview (2)
( 4<;rs Cultural Differences (1) (Wilson et al. 1999)

(Finke and Hertz 2011)

* This article is part of this thesis; however, it appeared as a relevant paper in the literature search. Thus, it was included in the 98 papers reviewed in this chapter.
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To develop this classification, a formal methodology was employed using systematic
analysis, coding, and clustering. A systematic analysis was followed by reading each
paper to identify its key theme and main keywords. Each paper was coded according to
the theme and keywords associated with it. This was followed by clustering repeated,
similar, and related themes and keywords. Finally, the clustered themes were condensed
towards a fewer number of general themes; i.e. research areas within field repair service
domain. The general themes were identified based on the specific themes found in the
literature with the exception of field service planning, which was already identified and
classified by (Rapaccini et al. 2008; Hertz et al. 2012, 2014). According to this
classification, it can be seen that field repair service planning is the most frequently
addressed area in the literature followed by technology role. It is apparent that several
common models and problems from the areas of operations management and operations
research are well represented in field repair service planning literature, in line with the

dominance of both areas across the different published domains presented in Figure 2-3.

Field repair service planning literature includes papers addressing strategic, tactical, and
operational planning as well as those addressing either a combination of or all of these.
Tactical planning is the most frequently addressed research topic within field repair
service planning literature appearing solely in twelve papers and in a further nine papers
combined with strategic planning and one paper with operational planning, and two
further papers combined with both. Based on a deeper analysis of tactical planning, it was
found that discussing manpower capacity planning is dominant in 16 papers followed by
inventory planning in eleven papers. Although none of the papers has mentioned why
tactical planning has attracted a lot of attention more than other topics in the field repair
service planning literature, it can be seen that tactical planning is mainly related to
managing resources, which is difficult in such a complex environment. This includes
managing highly skilled technicians and large quantities of spare parts, which together
constitute the majority of the field repair service cost. Hence, tactical planning is essential

to minimize the service cost and has a significant influence on the service quality as well.

Technology impact on field repair services is continuously addressed in the literature
since 1981 till 2017, in line with its stated importance in various studies across the

literature. Given that the first paper to mention field repair service in the literature was
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published in 1980, it is apparent that the role of technology in field repair services is
dominant and inevitable. It can be seen that this literature mainly addressed information
and communication technology (ICT) including information systems to enable
information availability and communication channels to facilitate communication with
other service personnel. Examples include Personal Digital Assistance (PDA) devices,
mobile phones, laptop computers, Smartphones, and tablets (Tesfay et al 2013).
Moreover, knowledge management services technology was also addressed including

service knowledge base building and diagnostic expert systems.

Figure 2-4 presents the most cited papers in after-sales field repair service literature with
citations of 20 or greater. It is worth noting that Scopus was used to assess the citation
count for each paper for the purpose of presenting a consolidated comparable position in
Figure 2-4. (Cohen ef al. 2006a) is the most cited paper by far, which addressed how to
manage after-sales field service networks to success. It was followed by (Amini et al.
2005) which addressed the design of a field repair service including location planning for

both parts and technicians and inventory planning.

Zackariasson & Wilson 2004
Papadopoulos 1996
Agnihothri & Mishra 2004
Legnani et al. 2009
Agnihothri et al. 2003
Blumberg 1994

Hull & Cox 1994

Cohen et al. 2006b
Saccani et al. 2007
Agnihothri et al. 2002
Amini et al. 2005
Cohen et al. 2006a
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Figure 2-4: Most cited papers in after-sales field repair service literature.

Figure 2-5 presents the primary research methods adopted; where, it was found that
model-based research is the most frequent with almost 46% and case-based research
follows with around 30% of the after-sales field repair service literature. Of the non case-
based papers, 20 papers used a single or multi case study in their research. It is also

26



Aly Owida University of Limerick

apparent that literature lacks review-based research studies with only three conference
papers (Finke and Hertz 2011; Hertz and Finke 2011; Vossing 2017) reviewing

uncertainties, planning, and routing problems in field services respectively.

9.18%

2 04% 3.06% 45.92%

4.08%
6.12%

B Model-based

H Case-based
Survey-based
Comparison-based

B Action-based

H Review-based

m Others
29.59%

Figure 2-5: Primary research methods adopted in the after-sales field repair service literature.

Within the model-based research, queuing models; simulation modelling; and simulation-
based decision support systems were considered powerful tools for improving service
provision based on the complexity and randomness accompanied with field repair service.
Various evidence is available in the literature highlighting the complexity of the field
repair service environment and the need for simulation analysis (Blumberg 1994; Amini
et al. 2005; Hertz and Finke 2011; Colen and Lambrecht 2012; Vossing 2017). Based on
an analysis of the field repair service literature, different research tools and models were
used including queuing models, simulation models, mathematical models, and

optimization models.

Table 2-3 presents the different research models used in after-sales field repair service
literature. It can be seen that simulation models are the most frequently used across the
literature while others are almost used by the same number of papers. Interestingly,
simulation models have been used twelve times in the last six years which is by far greater
than others. During the same period, optimization models and mathematical models have
been used six and four times respectively while queuing models have been used only
once.
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Table 2-3: Research tools and models used in after-sales field repair service literature.

Models Literature References

Queuing (Waller 1994; Papadopoulos 1996; Vardar et al. 2004; Rahimi-Ghahroodi et al.

Models 2017)
(Dzubow 1984; Hill 1992; Haugen and Hill 1999; Lin et al. 2002; Lin and Ambler
2005a, 2005b, 2005c; Lin, Williams, et al. 2005; Rapaccini et al. 2008; Visintin and

Simulation Rapaccini 2009; Colen and Lambrecht 2012; Finke et al. 2012; Byrne et al. 2013;

Models Hertz and Sproedt 2013; Zhao et al. 2014; Hertz et al. 2014; Grzybowska et al. 2015;
Binart et al. 2016; Macchi et al. 2016; Owida et al. 2016; Zhou et al. 2016; Saccani
etal. 2017)

:;?gi:ﬁ?n (Hill et al. 1992; Watson et al. 1998; Homer 1999; Agnihothri et al. 2003;

Models & Agnihothri and Mishra 2004; Vardar et al. 2007; Tang et al. 2008)

Mathematical (Klimberg and Van Bennekom 1997; Youngman 2002; Amini et al. 2005; Lin, Lee,

Model et al. 2005; Bijvank et al. 2010; Li et al. 2014; Zhao et al. 2014; Xu et al. 2015,

s Binart et al. 2016)

L ardar et al. ; Zarnani et al. ; Bijvank et al. ; Zerdin et al. ; Liet
Obtimization Vard 1.2007; Z i 1. 2007; Bijvank et al. 2010; Zerdi [.2011; Li
MI:)d ) al. 2014; Cheong et al. 2015; Xu et al. 2015; Avraham et al. 2017; Rahimi-

s Ghahroodi ef al. 2017; Saccani et al. 2017)

Based on reviewing the real cases presented in the literature, it can be observed that the
most dominant industry is the Computers and Electronics industry representing 22.41%
of papers presenting an industry domain followed by Telecommunications at 12.07%.
This observation is in line with (Armistead and Clark 1991) claim of identifying computer
manufacturers as the ‘trend-setters” in the area of after-sales services. Other prominent
industries include consumer goods and home appliances, machinery and plant
engineering, imaging, capital goods, agriculture machinery, and semiconductor

equipment.

To summarize and address RQ2, after-sales field repair service is not a new topic but with
an apparent growing interest from both researchers and practitioners in recent years. Field
repair service research is presented across various research domains as demonstrated in
the variation of publishing sources; however, operations management, operations
research, and computing; information systems; and information technology combined
present around 63% of the covered research domains. It can be observed that field repair
service planning is the most frequently addressed research area within literature. It can be
also observed that technology has a key role in the evolution of field repair services.
Modelling and case studies combined present the majority of the research methods used
in the field repair service literature. Quantitative models proved to be a powerful tool for
addressing field repair service complexity and uncertainty. Field repair service can be
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applicable to several industries but computers and electronics systems to date has been

the most popular domain.

2.5 Review Findings

Based on an analysis of the literature, the following main categorizations have been
established under which the review findings of field repair service will be presented:
supply network; service timeline, service offerings, service delivery, and performance

measurement.

2.5.1 Supply network

A field repair service supply network consists of the service supply chain participants and
their associated actors that are required to both provide and deliver the desired services
and parts respectively. Setting up such a network requires the identification of actors and
of the core competencies they can provide (Adrodegari et al. 2017). Those actors have
been discussed in the literature in different forms in relation to field repair service supply
network structures. Examples of actors include call handlers (call centre), off-field
technicians (technical support), dispatchers (dispatch centre), field technicians
(engineers), and logisticians (warehousing and distribution). Regardless of which actors
are part of a supply network, field repair service is provided, whoever the actor is. All
actors can be insourced or outsourced by the manufacturer (Adrodegari et al. 2017),
which is considered as a key decision in supply network structure that affects strategic

decisions of districting, qualification, and location planning.

Although manufacturers are often weak in service-oriented capabilities as mentioned in
Chapter One, they used to provide after-sales services to their customers. Given the recent
trends of servitization; the availability of more third parties that are able to provide the
required level of service; the demanding customers for more prompt and stable service;
and the increasing competition, manufacturers have to decide whether to outsource the
service, or not; and who to choose as a strategic supply chain partner (Agnihothri et al.
2002). This choice must be guided by the attributes of the products, the market, and the
firm (Nordin 2005). Outsourcing is a strategic decision that has a significant influence on
both supply network structure and service provision. Manufacturers may have no choice

but to outsource after-sales services provision to third party providers because they offer
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competitive options like opportunities for generating synergies, pooling risks, and
achieving economies of scale (Cohen ef al. 2006a). When the down-time is expensive, it
is common to hire independent firms to provide prompt field service (Zackariasson and
Wilson 2004). However, in high technology equipment industries such as
semiconductors, manufacturers usually do not outsource the service provision and opt to
provide it through an in-house division (Vardar et al. 2007). In other cases, manufacturers
deal with a distributed workforce consisting of a combination of both internal and external

entities (Kellett 2005).

Field repair service supply chain is recognized as a triad when suppliers provide services
offered by a manufacturer to its customers (Li and Choi 2009; Finne and Holmstrom
2013). All the tasks of the previously mentioned actors can be performed by a service
provider with the exception of the logistician tasks which can be performed by a logistics
provider. This justifies the reasonably consistent representation of the main service supply
chain network participants across the literature as the; customer, manufacturer, service
provider, and logistics provider. Service and logistics providers constitute the third party
in the service triad in which they supply personnel and parts respectively to the customer’s

premise, instead of the manufacturer.

For PSS providers, a supply network is a prerequisite for their success (Adrodegari et al.
2017) where management of relationships with service supply chain network participants
has proven to be critical. A stronger connection between all network participants must be
established (Meier ef al. 2010). Shifting from suppliers, network participants, to network
partners is one of the underlying shifting trends associated with servitization strategy and
PSS provision (Neely et al. 2011), where a manufacturer often need to develop resource
base geared to service provision (Adrodegari et al. 2017). For instance, strategic
agreement between manufacturer and service provider in a service triadic environment
for collaborative continuous improvement of service offerings and service provision

leading to cost savings across both of them.

2.5.2 Service timeline

Service timeline identification is important for the understanding of research findings
where various activity times are identified in this subsection so as to relay the realization

of field repair service provision. Although the field service timeline was presented by four
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different papers in the literature, there is dispersion among them and there is a lack of a
clear explanation of the timeline details. Therefore, the following timeline analysis is an
extension to the existing timelines presented by (Watson et al. 1998; Haugen and Hill
1999; Lin and Ambler 2005b; Tang et al. 2008) to consolidate the most recognized field

repair service timeline along with a better and clear explanation of its details.

Figure 2-6 presents a generic field repair service function map along with a timeline
showing the involved activities and their times. The time function map is divided into
swim lanes. Each swim lane represents an actor who performs the activities illustrated
inside that swim lane. Those activities occur during a typical field repair service provision
from the occurrence of a failure until it is resolved. Detailed analysis and explanation of
the field repair service activities are presented in Subsection 2.5.4. Arrows have been used
to illustrate the relationship and sequence of activities. In addition, a timeline is presented
within the same figure illustrating the different times accompanied with a typical field

repair service provision.

General Field Repair Service Time Function Map

Fail

Product

Request Wait for
support technician

Customer

4

.| Schedule field
visit

Diagnose fault

Call Handler/
Dispatcher

Travel to
customer Repair product
location

Technician

| Down-time |

Response time

\
\

Travel time L Repair time
[

Queue time

\
\
| Delay time L Diagnosis time N Dispatching time L Waiting time
[ [
\
\

¥ _¥

\

T !
Service time |
\

Figure 2-6: Generic field repair service time function map and timeline.
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The first time interval is “Delay time” which is defined as the time taken before the
problem is reported to the service provider (Haugen and Hill 1999). This could be the
time span where the customer does not detect the failure, attempting to self-diagnose and
resolve the failure, or communicating the information to the person who has authority to
place a service call (Haugen and Hill 1999). In certain cases, “Delay time” is not critical
for either manufacturer or service provider as they are not aware of the occurrence of a
failure; however, in other cases, it could be costly and/or disastrous when the down-time

1s crucial for the customer.

The second time interval is “Diagnosis time” which is the time taken by the call handler
diagnosing the customer problem and attempting to resolve it remotely to avoid a field
visit. Next is “Dispatching time”, in case a field visit is required, which is the time taken
by the dispatcher to identify the field visit requirements (i.e. parts, skill, tools, documents,
and response time requirements), assigning the call to a field technician, and scheduling
the visit. Then, “Waiting time” which is the time span from when the field visit is

scheduled till the assigned field technician starts travelling to the customer site.

“Queue time” starts after determining the need of field visit where the customer is waiting
for the arrival of the field technician and ends by the movement of the field technician
towards the customer’s site. It can be further subdivided into “Dispatching time” and
“Waiting time”. From when the field technician starts moving towards the customer
location till his arrival is the “Travel time”. This time contributes to both ‘Response time”
and “Service time”. “Response time” is the time that elapses from when a service call is
placed by a customer to when a field technician arrives at the customer site and begins
service (Behara and Lemmink 1997; Watson et al. 1998; Haugen and Hill 1999;
Agnihothri et al. 2002; Tang et al. 2008; Finke and Hertz 2011; Colen and Lambrecht
2012; Hertz et al. 2014). This includes “Diagnosis time”, “Dispatching time”, ‘Waiting

time”, and “Travel time”.

“Service time” is the sum of the “Travel time” from current location to the customer plus
the “Repair time” (Waller 1994; Haugen and Hill 1999; Lin and Ambler 2005b; Tang et
al. 2008). “Repair time” is the time between arrival on-site and completion of service
provision (Agnihothri et al. 2002; Finke and Hertz 2011) usually spent in on-site
diagnosis and repair (Agnihothri and Mishra 2004). “Down-time” is defined as the time
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between occurrence of a failure and its fixing. “Down-time” is typically uncertain and
decreases customer’s productivity. It can be extremely expensive (Rahimi-Ghahroodi et
al. 2017), so reducing it by providing prompt and effective services is paramount for

customer satisfaction (Agnihothri and Mishra 2004).

In field repair service there are two types of route planning that can be used: a round trip
strategy from a central facility, home base, to the customer location and a sequential trip
strategy from one customer location to another (Hill 1992; Hertz and Finke 2011). The
most commonly used route planning strategy is sequential trip while round trip strategy
is common in emergency service systems, e.g. fire engines, (Hill 1992). In case of a round
trip strategy, there is an additional “Return time” which is the time taken by a field
technician to return from the customer site to the central facility and contributes to the
“Service time”. However, it is only common in rural areas and low utilization services
(Hill 1992). On the other hand, sequential trip strategy is common in urban cities with
high demand and high utilization services. Therefore, in the case of a sequential trip
strategy, field technicians travel from the customer location to another customer location

without returning to the central facility. In Figure 2-6, “Return time” is not illustrated.

Based on the presented analysis of field repair service timeline, the following
observations can be drawn. “Diagnosis time”, “Dispatching time”, “Waiting time”, and
“Repair time” are the most important for operations managers where they can be
operationally improved. Reducing these times can significantly improve service provision
in terms of efficiency, i.e. cost savings, and effectiveness, i.e. customer satisfaction. Other
times cannot be improved operationally, but require strategic decisions. For instance,
better districting planning of installed base territories and their size might lead to shorter
distances and less “Travel time”. In addition, technological devices can be utilized to

report product failures to reduce “Delay time” for critical and expensive products.

2.5.3 Service offerings

Field repair service offerings are the various options and facilities offered by
manufacturers or their hired service providers to customers either at the first sale of a
product or at the sale of additional services (e.g. extended warranty). While manufacturers
attempt to establish and position their offering according to their after-sales service

competitive strategy (Armistead and Clark 1991) and their product characteristics
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(Legnani et al. 2009), service offering customization and variety of service contracts
improve service value and increase customer satisfaction (Finke and Hertz 2011).
Therefore, there are different offerings for similar competing products as manufacturers
try to offer several service levels at different prices (Amini ef al. 2005; Hertz et al. 2012)
while customers determine the level of service desired and agreed upon a contract with
the manufacturer or the service provider (Lehtonen ef al. 2012) by weighing the levels of
response they need against the prices they are willing to pay (Cohen et al. 2006a) or the

levels of service they desire.

As offerings become more servitized, manufacturers include new advanced services in
their offerings such as remote monitoring and diagnostics, condition-based maintenance,
and also the taking over of the system’s operations at the customer’s premise (Adrodegari
et al. 2017). From an analysis of the literature, various service offerings were observed.
There are offerings that are driven by technology advancements and others driven by
intense competition while manufacturers are trying to provide different offerings to
satisfy different groups of customers. Hence, this subsection presents a review of the
different manufacturing-based offerings accompanied with a number of examples. It also
illustrates the influence of the increasing trends among manufacturers, i.e. provision of
PSSs and the evolution of offerings from being conventional to be more servitized.
Accordingly, the following is being proposed for the categorization of field repair service
offerings: product usage agreement; service provision agreement; coverage and response
times; field technicians’ allocation; technology-based services; parts and tracking
services; and web-based services. Each category is presented in the following

subsections.
Product usage agreement

Traditionally, products can be leased or purchased by a customer (Watson et al. 1998).
Later, given the growing trend of outsourcing, some field service providers are
responsible for maintaining product performance (Lin et al. 2002). The recent shift
towards integrated product-service offerings allowed for the creation of new innovative
and flexible business models where manufacturers’ sell functionality instead of selling
products (Meier et al. 2010). After-sales field service offerings play an important role in

these business models for manufacturers providing PSS.
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Models of after-sales services range from conventional ownership-based models to
performance-based models (Cohen et al. 2006a) sometimes even with up-time guarantees
(Colen and Lambrecht 2012). In performance-based models, customer value is centred
on the outcome from services rather than the services activities themselves, which
demands an ability to provide a rapid and effective response should an asset fail when in-
service (Baines et al. 2011). Performance-based models can be further subdivided into:
function-based, availability-based, and result-based models. Function-based models
guarantee the functionality of a product for an agreed period of time (Meier et al. 2010).
For instance, many commercial airlines pay GE and Rolls-Royce an hourly fee for using
those companies’ aircraft engines instead of buying them (Cohen et al 2006a).
Availability-based models guarantee the usability of a product to an agreed level (Meier
et al. 2010). For instance, some copier users pay copier manufacturers a standard fee
based on the number of papers processed. Result-based models take over the complete
responsibility of the production process as the customer pays for the faultlessly produced
parts which is equal to a complete production outsourcing; however, result-based models
suit only special market niches (Meier ef al. 2010). In Company X, only ownership-based

models are adopted.

The same concept of performance-based models in after-sales services is reflected in
PSSs. According to (Baines er al. 2007; Szwejczewski et al. 2015), there are three
different types of PSS which are described as follows. Product-oriented PSS, where the
product ownership is transferred to the customer and additional services are provided by
the manufacturer. User-oriented PSS, where the product ownership is retained by the
manufacturer who sells its functionality to the customer via leasing, sharing, or pooling.

Result-oriented PSS, where the manufacturer sells a capability or result to the customer.
Service provision agreement

Normally all products come with a basic warranty, after which the customer has the option
of extending the basic warranty. Field repair service offerings can be provided to products
under warranty (basic or extended) or uncovered products which are billed based on
service and parts delivered. In the latter case; a predefined material costs and fixed rates
for labour hour apply (Hertz and Finke 2011). In either case, a contract identifies the
agreed offerings to be provided by the PSS provider to the customer (Lehtonen et al.
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2012) such as response times, repair times, recovery times, and penalties (Vardar et al.
2004; Rapaccini et al. 2014). The required service performance is also dictated by the
SLA that may specify annual product availability that has to be assured (Rapaccini et al.
2014). Moreover, some PSS providers offer comprehensive service contracts to take full
responsibility of the product functionality and all field service activities including
maintenance and repair which possibly reduce service demand uncertainty and create
opportunities to optimize the service operations (Colen and Lambrecht 2012). Company

X offers repair through basic and extended warranties as well as billed repairs.
Coverage and response times

Based on the SLA reached during the sale, the manufacturer should provide a specified
coverage time and response time to the customer. For example, Cisco manages tens of
thousands of service contracts that range from two-hour to 10-day delivery (Cohen ef al.
2006b). The response time is regulated by the SLA service pricing which may mean that
visits carried out during nights and weekends are more expensive than the ones during
the office hours (Lehtonen and Ala-Risku 2005). A premium response service, which is
better, is priced higher than the normal service (Voudouris et al. 2007). Service guarantee
concept is typically offered as a contractually guaranteed response time for an
unscheduled service call (Apte et al. 2007) which are typically determined by SLA of a
warranty (Lehtonen and Ala-Risku 2005; Tang et al. 2008). Coverage and response times
offered by a manufacturer have a significant influence on service strategic planning
including districting and location decisions. Despite the stated SLA in the contract, in
some cases, an emergency field response is provided, for example, if a passenger is
trapped inside an elevator (Lin ez al. 2002). For Company X, coverage time can be inside
or outside normal working hours and response time can be Same Business Day (SBD);

2hr and 4hr; or Next Business Day (NBD).
Field technicians’ allocation

Basically, field technicians are segmented by local territories according to districting
policy; however, in some cases, they are segmented by customer account. For capital
intensive industries such as with semiconductor wafer fabrication tools, field repair

service is performed by dedicated personnel who are available at all times and do not
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respond to service requests from other customers of the service provider (Vardar et al.
2007). Another example is for a large manufacturer of electronics machinery who have

posted field technicians exclusively at customers’ sites (Agnihothri et al. 2002).
Technology-based services

With recent advances in communication capabilities, it is technologically possible to
perform some services remotely (Vardar et al. 2004). Although self-diagnostic and
remote diagnostics mechanisms have been discussed more than 30 years ago by
(Blumberg 1982; Jones 1986) to enable faults analysis and repair to be performed
remotely via telephonic or digital link, no solid applications had been presented. More
than 15 years later, some field service studies touch on remote support mechanisms again
due to ICT advancement such as those discussed in (Agnihothri ef al. 2002). The most
typical ICT tools in product failure reporting are condition monitoring tools which enable
remote monitoring and diagnostics that facilitate the automatic identification of the
occurring and upcoming problems (Lehtonen and Ala-Risku 2005; Hertz et al. 2011;
Lehtonen et al. 2012; Adrodegari et al. 2017). Hence, service requests can be generated
automatically or by a customer call. An advantage of self-correcting technology is that
the customer is either unaware that there was a problem or comes to know of the problem

later than the PSS provider.

Diagnostic and self-correction technologies allow for reducing the “Delay time”. In
addition, they can be used to avoid costly repair as well as accurately predicting spare
parts requirement prior to a field visit leading to timely and cost-effective service delivery
to the satisfaction of the customer (Agnihothri et al. 2002). Therefore, remote diagnostics
and product condition analysis are of the field repair service offerings that can both
enhance product lifecycle management, minimize product lifecycle costs, and maximize

the value generated by the product (Vardar et al. 2007; Adrodegari et al. 2017).

Recently, there is a considerable evolution of data analytics in manufacturing leading to
new manufacturing paradigms such as smart manufacturing, social manufacturing, cloud
manufacturing, cloud-based remanufacturing, and cyber-physical systems (Esmacilian et
al. 2016). Those technology-based paradigms are allowing for manufacturing-based

services advancement. Internet of Things (IoT) is one of the fast growing enablers of data
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collection and exchange with a significant influence on the future of field services and
PSSs. Remote technology based on IoT such as embedded ICT systems enable remote
service provision and allows for using health management systems to monitor
performance and usage conditions of products (Adrodegari ef al. 2017). Applications of
data analytics that suit field repair services include smart embedded systems capable of
collecting and analysing data for condition-based maintenance and machinery
diagnostics; software applications for data monitoring; and integration of software and
embedded intelligence for real-time informed decision making such as failure diagnosis,

failure evaluation, and self-correction (Esmaeilian et al. 2016).
Parts and tracking services

Another offering can be keeping parts at the customer premise. For example, Cisco
produces routers to be used with computer servers that support financial transactions at
major financial institutions which are crucial to the success of those operations and can
cause major costs in case of their failure. Cisco may keep standby spare parts at the
customer facility to ensure minimal down-time which is considered as a premium service
(Cohen et al. 2006b). For better customer satisfaction, service providers inform customers
with estimated time of arrival (ETA) of field technicians and parts which is critical to

customer satisfaction level.
Web-based services

Many organizations have implemented web-based services and advanced self-service
websites which offer access to product manuals, Frequently Asked Questions (FAQ),
knowledge bases, web-based training, guided diagnostics, automatic product update
notices, user groups for tapping and sharing the knowledge among the user community,
issuance of service tickets, product returns, and service scheduling (Agnihothri et al.
2002). Furthermore, other offerings include drivers and manuals to download, interactive
catalogues to consult for spare parts, important announcements about defective products

to be returned or fixed, and information about warranties (Legnani et al. 2009).
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2.5.4 Service delivery

Based on literature analysis, various service activities were observed in different formats
complementing the delivery of field repair service. Hence, this subsection presents a
comprehensive review of field repair service activities accompanied with some examples.
It also provides explanations for better understanding of the service delivery process and
its design, along with highlighting avenues for potential improvements. Accordingly, a
categorization is being proposed as follows for these activities according to their sequence
of occurrence. Figure 2-7 illustrates field repair service delivery activities along with their

sequence. Each category is presented and discussed in the following subsections.

N - N p N p
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Figure 2-7: After-sales field repair service delivery.

Failure detection and reporting

There are different ways to detect the incident of a product failure. At an advanced level
automated usage-based triggers can initiate a service call (Daeuble et al. 2015). Vital
products are provided with traceability devices which enable prompt recognition of a
problem whenever it occurs (Legnani et al. 2009) or provided with automatic condition
monitoring devices setting off an alarm that notifies the user of a problem (Schepers et
al. 2011; Lehtonen et al. 2012). In the case of products that are transported to different
construction sites, a system is installed in each product that allows for self-diagnosis,
location determination, and communication with the manufacturer’s system to both keep
track of the products and make sure they work properly (Zackariasson and Wilson 2004).
Otherwise, a service call is initiated by the customer (Stieger and Aleksy 2009a, 2009b;
Schepers et al. 2011) which is still the most common trigger for a field repair service
(Lehtonen et al. 2012) either by calling technical support via the phone or by initiating a

service ticket via the web.
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Failure diagnosis and resolving

In some cases, the customer tries to diagnose and resolve the problem solely. If the
product reports failures automatically and remote accessibility is enabled, an off-field
technician accesses the product remotely to diagnose the problem and attempts to resolve
it. In case the customer requested a service call, a call handler logs the call; checks the
product information; checks the warranty validity; and attempts to lead the customer
through a diagnostics procedure to resolve the problem. Both the call handler and the off-
field technician, try to avoid field visit (Rapaccini et al. 2008). If both remote and phone
support could not resolve the problem, a field visit is required. Although service providers
try to minimize the number of field visits, the majority of calls still require a field visit
(Stieger and Aleksy 2009a, 2009b) in that regard remote diagnostics capabilities can

allow many service requests to be handled without a field visit (Amini et al. 2005).
Service call requirements identification

Although on-site operations are the most critical element in providing effective field
repair service as they are the most visible element for customers (Lehtonen and Ala-Risku
2005), decisions made prior to accessing the service site have the biggest impact on the
field visit success ratio (Lehtonen et al. 2012). The preparation step is critical for
successful accomplishment of a field visit which depends strongly on the information
available, in advance, on the failure (Lehtonen and Ala-Risku 2005). On the contrary,
inadequate preparation may lead to inability of the field technician to repair the defect
(Lehtonen and Ala-Risku 2005) and aborts the field visit due to an inaccurate preliminary
diagnosis (Uhlmann et al. 2016) and a need for a repeat visit (Lehtonen and Ala-Risku
2005). False clarification and analysis of breakdowns lead to multiple visits, due to
dispatching of the wrong spare parts or technicians with inadequate skill, is referred to as
server-job mismatch (Hertz et al. 2012). Telephone has been used by operators to ask
appropriate questions to obtain additional symptoms (Hori et al. 1999); however, recently
more modern approaches, such as web chat, are used to define the problem area with the
customer, leading to recommended corrective action by identifying the service
requirements including parts, technician skill (Hertz et al. 2012), documents (Lehtonen

and Ala-Risku 2005), and tools (Uhlmann et al. 2016).
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Service call assignment and dispatching

If the field visit is inevitable, there is a need to select and dispatch a field technician to
the customer (Rapaccini et al. 2008) according to the dispatching policy. The dispatcher’s
job is to assign and dispatch the right field technician and parts to the customer (Stieger
and Aleksy 2009a) taking into consideration different criteria such as prior customer
contact, distance, or technical knowledge and is generally company specific (Hertz and
Finke 2011). The dispatcher also suggests a route for the day (Petrakis et al. 2012; Xu et
al. 2015) which may be later modified due to urgent tasks arising during the day that need
to be allocated to a field technician as soon as possible and causes deviations from the
planned schedule (Petrakis et al. 2012). Further assignment and scheduling criteria
include bundling strategies in which same-site demands with suitably overlapping time
windows and requiring similar skills and parts are merged into a “bundle” (Zerdin ef al.
2011). Such criteria should be defined in the SLA; given the various service levels,
manufacturers can make low priority customers wait for resources in order to respond to
anticipated demand from high priority customers, thereby rationing scarce resources to

ensure availability for high priority customers (Cohen et al. 2006b).
Service call execution

Field technicians start at their home location (i.e. technicians’ homes or central facility)
travels between customer sites to provide the service, and return to their home (Tang et
al. 2008; Petrakis et al. 2012). Once a technician is assigned to a call, the technician calls
the customer to inform him with the ETA and begins travel to the customer’s site. The
technician gathers all the needed technical data (Rapaccini et al. 2008), collects the
necessary parts and documents before going to the customer site (Lehtonen et al. 2012).
Since the required parts are not known exactly in advance, the technician takes along a
set of possible spare parts which is referred to as the repair kit (Bijvank et al. 2010;
Saccani et al. 2017). In some cases, vehicles assigned to field technicians may have their
own “in-van” inventories (Beniaminy et a/. 2009). Upon arrival, the technician seeks to
isolate and diagnose the fault (Tesfay ef al. 2013; Uhlmann et al. 2016) and perform the
repair (Tesfay et al. 2013) using the repair kit. Another approach is employing improved

fault diagnosis and replacing all parts dispatched based on remote diagnosis. After
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eliminating the failure, field technicians perform verification tests and bring the product

back to operation (Uhlmann et al. 2016).

Field technicians may need to provide service for products which they have never
previously encountered (Coenen et al. 2000), thus necessitating knowledge sharing
between colleagues (Lee ef al. 2008). Knowledge management systems and knowledge
sharing between field technicians help improving service delivery, increasing its
efficiency, and improving customer satisfaction (Lee et al. 2008). Field experience
sharing in a virtual environment keeps technicians updated with the latest service
solutions and enables recommending service innovations to customers (Schepers et al.
2011). Effective team collaboration and information exchanges with colleagues through
advanced communication technologies may help field technicians to solve complex
situations (Schepers et al. 2011). ICT systems allow to share field information and
knowledge (Adrodegari ef al. 2017). Field technicians can even contact their corporate
office as well as their peers even if they are in different countries to get expert assistance

in the field on a real time basis (Zackariasson and Wilson 2004).

During field job execution, field technicians can be interrupted by breaks, unavailability
of parts, escalations in regard to capabilities, or interruptions by high priority jobs (Hertz
and Sproedt 2013). Most of the time the problem is resolved with the initial field visit;
however, the service call may require additional visits if the required part was not
available or if the problem is too complex for the technician which requires escalation
due to a lack of skill (Hertz et al. 2014). The reason behind this could be wrong reporting
by the customer which leads to a service technician with the wrong skill and/or wrong
parts and tools (Karandikar and Vollmar 2006). Other reasons for field visit failure
include lack of information, lack of tools (Lehtonen et al. 2012), lack of time, or other
reason. However, it is reported that the main failure reason is the lack of parts which could
cause two thirds of failed field visits (Lehtonen and Ala-Risku 2005). Accordingly, a
repeat field visit is required which may feature a different field technician (Schepers et

al. 2011).
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Service parts logistics

Spare parts availability have significant influence on repair time (Finke and Hertz 2011).
They are classified as field replaceable units (FRU), base replaceable units (BRU), and
irreplaceable units (IRU) (Lin and Ambler 2005a, 2005¢; Lin, Williams, et al. 2005).
FRUs can be replaced in the field, BRUs must be replaced at a service centre, and IRUs
cannot be replaced. Spare parts shipped to the field which are non-functional when
installed in the failed product are termed “dead on arrivals” or DOA’s (Papadopoulos
1996). Inventories of spare parts can be stored in different stocking locations such as
warehouses, service centres, shared local branches, technicians vehicles, or customers
(Cohen et al. 1990; Hertz et al. 2012). When material is unavailable at a stocking location,
they can transfer the demand to a backup site to improve response times and pool risk
(Cohen et al. 2006b). Tactical service decisions including inventory planning are driven

by parts demand forecasting.
Service knowledge base building

Creating a centralized database for recording service case reports by service technicians
are a useful resource for field technicians dealing with unusual or first-time repairs
(Zackariasson and Wilson 2004). Product installed base represents a unique asset for most
manufacturers as it is a source of knowledge and creates critical insights about the
products’ operation, enabling new service offerings and revenue models (Adrodegari et
al. 2017). Hence, technicians complete their activities by submitting a service and activity
report (Stieger and Aleksy 2009a, 2009b; Uhlmann et al. 2016). This report contains the
degree of fulfilment of a particular work order (Daeuble et al. 2015). For example,
knowledge base systems can generate optimized cost-sensitive test sequences that
minimize the troubleshooting time and cost for field activities (Luo et al. 2007). Some
manufacturers use this to identify which parts will be the most likely needed during the
field visit and thus reducing the number of repeat visits and increases service efficiency
(Lehtonen and Ala-Risku 2005). Service reports also include useful information that feed
back to the design and production process (Daeuble et al. 2015; Zhou et al. 2016).
Moreover, installed base information includes collecting and managing field service

related data, product and process related data, and data related to customers' use of the
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product allowing for monitoring the product functionality and performance as well as

planning proactive interventions (Adrodegari et al. 2017).
Customer feedback surveying

Customer satisfaction surveys are the last activity in field repair service delivery.
Customers provide performance feedback through the various customer satisfaction
surveys conducted by both marketing and field service representatives where service

employees play a major role in collecting feedback (Finke et al. 2012).

2.5.5 Performance measurement

A typical service supply chain aims to improve service level (i.e. service quality) and
reduce service cost; however performance measures can be subjective (Zhang et al. 2009)
and should be derived from the organization strategy and contributing to the
establishment of consistency between strategy and service delivery (Finke et al. 2012).
However, in a multiple case study of manufacturers providing field services in Italy,
(Saccani et al. 2006) highlighted that performance measurement systems do not appear
to be very structured and articulated, which means that most manufacturers do not fully
exploit the potential of performance measurement and existing significant improvement
opportunities. Typically, improving process performance enhances both cost performance
and product performance and is therefore a very important measure for manufacturers
providing field services (Lehtonen and Ala-Risku 2005). Measures can be addressing
operational (Tatila et al. 2014), financial, quality, or environmental sustainability

performance (Zhou et al. 2016).

Based on literature analysis, response time has been the dominant performance measure
for field repair service over the history (Behara and Lemmink 1997; Haugen and Hill
1999) and during the last decade (Tang et al. 2008; Finke and Hertz 2011; Li et al. 2014).
According to observations from literature, field repair service performance measures is
being categorized into operational, financial, and service quality measures. Figure 2-8
presents operational performance measures discussed in field repair service literature. It
can be seen that response time is, by far, the most common operational measure appearing

in 25 different papers and followed by down-time appearing in 9 papers. The full list of
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papers, discussing field repair service operational performance measures along with the

discussed measures, is presented in Appendix 2.
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Figure 2-8: Field repair service operational performance measures from literature.

Figure 2-9 presents the financial performance measures discussed in field repair service

literature. It can be seen that service cost is the main financial measure appearing in 17

different papers.
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Figure 2-9: Field repair service financial performance measures from literature.
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Figure 2-10 presents the service quality performance measures discussed in field repair
service literature. It can be seen that customer satisfaction is the main service quality
measure appearing in 9 different papers. Moreover, other qualitative measures were
addressed by (Wickramasinghe and Mathusinghe 2016) such as service provider’s
capacity and competence, dependability and trust of service delivery, and service
trustworthiness. The full list of papers, discussing field repair service financial and service

quality performance measures along with the discussed measures, is presented in

Appendix 2.
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Figure 2-10: Field repair service quality performance measures from literature.

By analysing the presented review of performance measures discussed in the literature, it
can be observed that the measures are many. They are also sometimes contradicting, in
line with the claim of (Finke et al. 2012). Using certain measures can be driven by the
scope of the research whether strategic, tactical, or operational. Moreover, there is a clear
trade-off between service cost and service quality. Thus, performance measures should
be set based on the manufacturer’s service strategy and might be influenced by both

product and market characteristics.

Furthermore, manufacturers and service providers need to set priorities and critical
boundaries for their performance (Finke et al. 2012). Although most researchers use
response time as a primary performance measure; yet, other measures can be more
favourable for certain manufacturers. Response time, as an operational measure, has a
significant influence on customer satisfaction, which is a service quality measure.
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Therefore, the dominance of response time demonstrates the importance of customer
satisfaction to field repair service providers. Eventually, it can be concluded that the
fundamental two performance measures are service efficiency (e.g. cost) and service
effectiveness (e.g. response time that leads to customer satisfaction), regardless of the
specific measures used to asses them. This lies in line with the conflicting objectives of
any after-sales field service system: to provide high service level (i.e. service quality)
which leads to customer satisfaction and to keep service cost as low as possible, as
mentioned in different sources (Waller 1994; Klimberg and Van Bennekom 1997; Datta
and Roy 2010; Kurata and Nam 2010; Xu et al. 2015; Macchi et al. 2016; Zhou et al.
2016).

2.6 Discussion

This review study defines after-sales field service in the manufacturing context as the
provision of any type of after-sales services at the customer’s premise or in the field, by
the manufacturer or service provider, to individual or business customer who own or lease
consumer and/or industrial product, according to a scheduled or unscheduled call either
physically or remotely. After-sales field service was historically viewed as an unwanted
requirement but is now seen as a strategic imperative (Agnihothri et al. 2002; Tang et al.
2008) and crucial for generating profits and obtaining competitive advantages (Zhou et
al. 2016), which accordingly justifies the growing interest from researchers and
practitioners alike. Although after-sales field services include several services types,
repair and maintenance are considered the most important. Even though maintenance is

essential for reducing breakdowns, repair is more critical.

Based on the literature analysis, after-sales field repair service can be seen as an
established topic that began growing around 2004 demonstrated by an increase in paper
publication around this time. Field repair service research is dispersed across various
research areas and several publishing domains. However, it is mainly observed in
operations management, operations research, and computing; information systems; and
information technology with many different models and case studies presented across
various industries in the literature. This variation shows the topic practicality and
applicability for different manufacturers emphasizing its importance. More specifically,

it is clear that computers, electronics, and telecommunications systems are the most
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influenced industries which signifies the effective role of ICT. Despite the growing
interest; the interconnection across a variety of domains; and the dispersion across several

research topics, field repair service literature lacks review research.

Across field repair service literature, tactical planning is the most addressed research topic
followed by strategic planning, operational planning, and ICT role. Manpower capacity
planning is the dominant research topic within tactical planning research and across the
whole field repair service literature. It is followed by inventory planning within field
repair service tactical planning research. Moreover, technology role is almost dominant
all over the life time of field repair service, particularly ICT impact, which is broadly
known as Industry 4.0 in the manufacturing domain. With the recent development and
emergence of Industry 4.0 and IoT, there is potential for additional review-based research
studies around specific topics addressed in the literature such as service planning and

technology role.

Different research methods have been used in field repair service literature where a
significant body of model-based research has been conducted using simulation, queuing,
mathematical, and other models. However, simulation modelling can be seen as technique
that could still add value to the domain (Hertz et al. 2014), which can be used to develop
and test field repair service cost-saving opportunities prior to their implementation while

incorporating the dynamic environment and the various involved uncertainties.

Figure 2-11 and Figure 2-12 present a tree diagram that summarizes all the after-sales
field repair service review findings. The figures illustrate the different categorizations,
either found in literature or developed based on literature, and show where each finding
lies and under which category. Although literature reported different supply networks
along with different structures and actors, there is a reasonably consistent representation
of the main network participants across the literature as the; customer, manufacturer,
service provider, and logistics provider where the last two participants often outsourced.
Outsourcing is a key decision in supply network structure that influences strategic
decisions of districting, qualification, and location planning. Moreover, for PSS
providers, buyer-supplier relationships and strategic partnerships across supply networks
are proven to be critical with service related data collection and effective information

sharing are rising, supported by ICT advancements. However, service supplier selection
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and service contracting attracted very little attention from field repair service researchers

despite their importance for achieving PSS goals.

Field repair service timeline understanding is important for manufacturers and service
providers for better management of supply networks and better delivery of services. In an
operational level, key activity times include “Diagnosis time”, “Dispatching time”,
“Waiting time”, and “Repair time”. Operations improvement to reduce those times have
significant influence on efficiency, i.e. cost savings, and effectiveness, i.e. customer

satisfaction.

It is apparent that field repair service offerings are driven by both increasing competition
and advancing technology. PSS providers tend to offer new, flexible, and performance-
based services to replace conventional services. Servitized offerings in the manufacturing
context include selling product functionality, availability, capability, or result; selling
extended warranties and full takeover of product operations at the customer premise;
offering extended coverage times and shorter response times; offering dedicated and
resident service personnel; offering self-diagnostics, remote monitoring, and remote
diagnostics; offering parts stock at the customer premise and tracking services for parts

delivery; and offering web-based product manuals, FAQ, training, and user groups.

Field repair service delivery process design and its associated activities were presented in
different formats across the literature. Several avenues for potential improvements were
highlighted throughout the categorization presented in this chapter where the most
important are presented as follows. Failure detection and reporting activities can be
improved using technology. Avoiding first field visits and reducing repeat visits are
recognized from the main cost reduction opportunities in field repair service provision.
In this regard, both remote diagnostics and service call requirements identification
activities are very critical elements. Qualifying field technicians through continuous
training can improve field performance leading to less repair times and higher first time
fix rates. Exploiting the installed base of products and customers to build knowledge base

and collect useful feedback.
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Figure 2-11: After-sales field repair service review findings (1 of 2).
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Figure 2-12: After-sales field repair service review findings (2 of 2)."

51

Service Performance
Delivery Measurement
|
. 1 1 1
| detf: églgz & operational financial service quality
- measures measures measures
reporting
|
- | 1 1
failure ) customer
— diagnosis & time call part Other — cost | satisfaction
resolving
service call - . -
—| requirements response time down-time | |+ first rt;ItI;e fix lgl‘;fg?g a\}:::i(l)a(.il?i?itt —  revenue — paﬂ;ecllil; z;hty &
identification Y 24
service call ..
—| assignment & queue time travel time | [— gercentage of part fill rate technician || | cash flow || persornel
; - eferred calls utilization behaviour
dispatching
service call L i SLA complaints
— . answering time repair time 1 . — assets
execution compliance management
service parts mean time
logistgts tardiness —{ job fill rate —  between
failures
service
—knowledge base — flexibility
building
customer
— feedback
surveying

University of Limerick



Aly Owida University of Limerick

Field repair service performance measures are many and sometimes conflicting,
especially in such a complex domain. There is a clear trade-off between service cost and
service level (i.e. service quality). Service strategy, product characteristics, and market
characteristics decide the appropriate performance measures for field repair service
delivery. It can be observed that response time is the dominant measure in the literature,
followed by cost, customer satisfaction, down-time, technician utilization, repair time,
and first time fix rate. Service cost appears consistently in the literature and is considered
as one of the most important performance measures. This is justified by the nature of
services that cannot be stored which means that demand volatility must be absorbed
through excess of allocated field technicians, which represent a large component of the
total operating costs in the field repair service (Hertz and Finke 2011). Although
manufacturers have been incorporating various maintenance systems to ensure the
maximum up-time of their products, they are still facing the problem of costly
unscheduled down-time due to unforeseen failures (Liao and Lee 2008). Accordingly,
manufacturers; in particular PSS providers; are always looking for new models that can
reduce their field repair service cost. The reduction of repeat visits is one of the largest

cost-saving opportunities in field repair service (Lehtonen ez al. 2012).

Based on the literature review, further room for more research with a set of avenues have

been identified to answer RQ3 and presented as follows:

e There is a real need for designing parts that can be replaced by the customer
without the need of a field technician so as to reduce the number of field visits
and accordingly the field repair service cost.

e There is an increasing trend among PSS providers of performance-based
contracting, effective information sharing, and long-term collaborative
relationships with fewer partners to the benefit of both parties, which requires
further research.

e Adopting knowledge management systems and technologies in field repair service
business needs further research (Lee et al. 2008; Stieger and Aleksy 2009a, 2009b;
Schepers et al. 2011; Lehtonen et al. 2012; Rapaccini et al. 2014) to improve
availability of product information and to enhance performance in service

delivery.
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The impact of ICT has influenced the expectations of customers who anticipate to
be provided with PSS (Daeuble et al. 2015) while evolution of data analytics in
manufacturing allowed the usage of embedded systems and prediction tools
enabling failure detection, diagnosis, and evaluation. Further research around
emerging data collection and information tracking technologies can have
significant influence on the future of field repair service provision through
improving response time and failure diagnosis leading to higher first time fix rate,
lower costs, and better customer satisfaction.

(Wu and Barnes 2011; Byrne et al. 2013) highlighted the need for further research
on the latter stages of supplier (i.e. service provider) selection and contracting
process incorporating an element of continuous improvement to identify potential
cost savings. Those savings can be achieved through agreement on process
improvements implementation over the contracting life time.

PSS provision requires more intense buyer-supplier collaboration than traditional
manufacturing relationships (Feng et al. 2011; Lockett et al. 2011; Saccani et al.
2014). Literature suggested developing long-term collaborative relationships with
fewer partners and using continuous improvement approaches (Prajogo and
Olhager 2012; Mayer et al. 2016) while moving away from traditional adversarial
relationships with multiple suppliers (Emberson and Storey 2006; Feng et al.
2011). (Avraham et al. 2017) highlighted the need for a smarter coordination
mechanism that maintains profits for both the buyer and supplier. This lies in line
with the change of contracting focus from traditional contracts toward
performance-based (Kim et al. 2007; Hypko et al. 2010) and longer-term contracts
with collaborative supply chain partnerships (Prajogo and Olhager 2012; Mayer
et al. 2016) and effective information sharing (Lockett et al. 2011).

In terms of limitation potential of this review, conference proceedings contributes to

almost 41% of the reviewed literature, which could lead to some disputable findings.

2.7 Conclusions

This chapter presents a comprehensive review of field repair service literature. The

motivation behind this review study is the increasing importance of after-sales field

services within manufacturing context, particularly for PSS providers. This chapter is
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focusing on analysing field repair service by providing an extensive structured review of
the domain research. The findings provide a useful foundation for further research by
providing considerable background on the topic, consolidating the topic position,
identifying future research opportunities, and identifying related studies required for

developing literature reviews for future research.

Field repair service is seen as a promising domain for both researchers and practitioners
that has significant influence on the success of after-sales services business. Research
findings report a general increase in the number of papers, particularly after the year 2004.
It can be noted that the majority of papers were either model-based or case-based research,
which indicates the practicality of this domain. Field repair service domain has some
fragmentation which can be seen in the dispersion of its publishing domains. The topic

also has wide applicability across various industries.

Field repair service literature lacks review studies. Given the fragmented body of work
dispersed across many disciplines in literature, this chapter could not present detailed and
deep analysis of each research topic addressed in the field repair service literature. Based
on the increasing attention towards field repair service research and the continuous
emergence of advanced technology-driven and internet-based systems, there is room for

review-based research around field repair services and their associated research areas.

Field repair service is information and technology intensive where information is a key
driver for service provision success and a fundamental component for its productivity
while technology can improve both efficiency and profitability. Field repair service
business is human-based and knowledge-driven (Stieger and Aleksy 2009b) where ICT
again proved to be essential in supporting service provision through enabling knowledge
sharing and collaboration between different field personnel. (Macchi et al. 2016)
highlighted that introduction of new service management technologies will improve field

repair service operations in the future.

Design decisions of supply network structure, service offerings, service delivery process,
and performance measurement have significant influence on field repair service provision
and are mostly strategy-based. Field repair service provision evolves to cope with more

servitized manufacturing-based service offerings.
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Although a set of potential benefits for field repair service have been mentioned in the
literature, few research has addressed those benefits explicitly. Thus, further research
around the domain is needed particularly on utilizing new technology-based paradigms
and innovations. For instance, [0oT can revolutionize the field repair service domain by
allowing fully customizable possibilities that can help providing both time-efficient and
cost-efficient services enabling enormous changes in the service provision. In addition,
field repair services are usually outsourced to third party service providers; hence,
requiring effective supplier selection and contracting framework. Therefore, further
research is needed on field repair service contracting based on collaboration between both
manufacturer and service provider and incorporating continuous improvement to identify

and test potential cost savings.
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3 Methodology

3.1 Introduction

This chapter presents the overall research methodology of this study and explains the
associated research methods used to carry out the work to achieve the aim of this thesis.
The overall aim of this work is to review and analyse the current existing contracting
activities for outsourcing after-sales field repair services with a specific focus on the
Middle Eastern emerging markets, and to assess the potential for improving after-sales
field repair service contracting through developing continuous improvement approach to

support service contracting in both established and emerging markets.

The remainder of this chapter is organized as follows. Section 3.2 provides a brief
overview of the available research methods that could be used in this study. Section 3.3
lists the research objectives of this thesis and presents the general research approach taken
to carry out the study. Section 3.4 outlines the main methodological approaches and their
associated tools utilized to address the aim of this study. Section 3.5 illustrates the
research design of the remainder of the thesis and explains how the following chapters
use the selected methodological approaches to address the overall aim and the research

objectives of this study. Finally, Section 3.6 concludes the chapter.

3.2 After-Sales Services Research Methods

This study falls broadly into the category of supply chain research. As described in
Chapter Two, after-sales field repair services are provided through a supply network of
participants which includes customer, manufacturer, service provider, and logistics
provider. Moreover, several actors are involved in the service provision such as call
handlers, off-field technicians, dispatchers, field technicians, and logisticians. Hence,
after-sales field repair services can be classified as a service supply chain. Such a chain
is used by PSS providers for the delivery of services. A wide variety of research methods
have been used for supply chain research and analysis. These methods have their own
merits and pitfalls, but need to be selected based on the objectives and circumstances of
the research. According to (Seuring et al. 2005), four research methods are available to

use separately or in combination with each other in supply chain research. Those four are
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survey research; case research; action research; and modelling research (Figure 3-1). A

brief introduction of each method is presented in this section.

Survey

Research

Supply
Modelling Chain Case
Research Research Research

Methods

Action

Research

Figure 3-1: Supply chain research methods.

3.2.1 Survey research

Survey research is a field-based method to gather data from the business context
(Gimenez 2005) which plays an important role in many disciplines (Kotzab 2005). It
involves the collection of information from individuals about themselves or about the
social unit to which they belong by using a structured format (Gimenez 2005). Survey
research is an accepted research method in the field of supply chain research (Grant et al.
2005; Kotzab 2005). Choosing a survey strategy allows the collection of large amounts

of data in an efficient manner (Kotzab 2005).

(Forza 2002) identified three types of survey research: exploratory, confirmatory, and
descriptive. Exploratory survey research takes place during the early stages of research
into a phenomenon, when the objective is to gain preliminary insight on a topic, and
provides the basis for more in-depth survey. Confirmatory, or theory testing or
explanatory, survey research takes place when knowledge of a phenomenon has been

articulated in a theoretical form using well-defined concepts, models, and propositions.
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Descriptive survey research is aimed at understanding the relevance of a certain

phenomenon and describing the distribution of the phenomenon in a population.

There are four methods to conduct a survey: personal interviews, telephone surveys,
postal surveys, and web-based surveys (Grant et al. 2005). All these survey methods use
questionnaires to collect the data with the exception of personal interview, which uses

interviewing (Forza 2002).

3.2.2 Caseresearch

Case research is a an empirical methodology that typically uses multiple methods and
tools for data collection from a number of entities by a direct observer(s) in a single,
natural setting that considers temporal and contextual aspects of the contemporary
phenomenon under study, but without experimental controls or manipulations (Gimenez
2005). Case-based research has consistently been one of the best and most powerful
research methods in operations management (Voss et al. 2002; Eisenhardt and Graebner
2007) that is broadly accepted (Lorentz and Ghauri 2010) and widely used in different
management disciplines (Voss et al. 2002). It provides accurate, interesting, and testable

(Eisenhardt and Graebner 2007) results with very high impact (Voss et al. 2002).

Moreover, the use of case research in supply chains is an interesting option, it allows for
a flexible data collection, which is appropriate for analysing supply chains and managerial
issues therein (Seuring 2005). It also can help gather better information about the realities
of supply chains and develop better, more complete theories about them (Koulikoft-
Souviron and Harrison 2005). More specifically, case-based research allows for a richer
knowledge of issues associated with service provision than would have been possible

through a quantitative approach (Nordin 2005).

Case research is a field-based method to gather data from the business context (Gimenez
2005). It is useful in the identification of important variables in situations in which there
is little control over events in a real-world context (Zackariasson and Wilson 2004) and
can develop principles from practice in areas where research is at an early formative
stages (Hertz et al. 2011). There are different sources of data including interviews,
archival data, survey data, ethnographies, and observations (Eisenhardt and Graebner

2007) whether from a single or multi case study.
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According to (Seuring 2005), case research includes three types that can be used for
different purposes. (1) An exploratory case study, which is aimed at defining the questions
and hypotheses of a subsequent study (not necessarily a case study) or at determining the
feasibility of the desired research procedure. (2) A descriptive case study, which presents
a complete description of a phenomenon within its context. (3) An explanatory case study,
which comprises data bearing on cause-effect relationships — explaining how events

happened.

3.2.3 Action research

Action research is a research strategy classified as an inductive approach that refers to the
involvement of researchers as co-practitioners in the setting where the research is made
(Mejia et al. 2007) aiming to solve current practical problems while expanding scientific
knowledge (Baskerville and Myers 2004). The researcher and client collaborate in the
diagnosis of a problem and in the development of a solution based on this diagnosis
(Mejia et al. 2007; Chakravorty and Hales 2008). Action research is a generic term, which
covers many forms of action-based research, and indicates diversity in theory and practice
among action researchers, so providing a wide choice for potential action researchers as

to what might be appropriate for their research question (Coughlan and Coghlan 2002).

The ideal problem domains for action research are those where the researcher is actively
involved, the knowledge can be immediately applied, and the research process links
theory and practice (Ross et al. 2006). The major difference between case and action
research is that a case researcher is an independent observer in the study, whereas an
action researcher is a participant in the process of change (Chakravorty and Hales 2008).
Action research is characterized by intervention experiments that operate on practical
problems and assumes that observing the effects of change brings understanding (Ross et

al. 2006).

Action research is less used in supply chain research when compared to other
methodologies (Miiller 2005) such as survey research and case research (Coughlan and
Coghlan 2002). However, it has been accepted as a valid research method in other applied
fields such as organization development and education (Baskerville and Myers 2004).
Action research is generally characterized by the following four steps: diagnosing,

planning action, taking action, and evaluating action (Coughlan and Fergus 2009).
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3.2.4 Modelling research

Modelling or model-driven research is a quantitative model-based research method used
for supply chain research. Methods used to research supply chains are typically
quantitative (Golicic and Davis 2012). Quantitative modelling has been the basis of most
of the initial research in operations (Bertrand and Fransoo 2002) as well as the traditional
and dominant research method for supply chain research including experiments and
mathematical models (Golicic and Davis 2012). In model-based quantitative research,
causal relationships between control variables and performance variables are developed;
analysed; and tested; where, performance variables can be either physical variables such
as inventory position or utilization rate, or economic variables such as profits; costs; or
revenues (Bertrand and Fransoo 2002). Quantitative model-based research is based on the
assumption that objective models can be built and can explain (part of) the behaviour of
real-life processes or can capture (part of) the decision-making problems that are faced

by managers in real-life processes (Bertrand and Fransoo 2002).

Quantitative models are classified into two groups of research: axiomatic and empirical.
Axiomatic research is driven by the idealized model itself, where the researcher concern
is to obtain solutions within the defined model using mathematics, statistics, and
computer science methods (Bertrand and Fransoo 2002). Empirical research is driven by
empirical findings and measurements, where the researcher concern is to recreate a reality

by building a model (Bertrand and Fransoo 2002).

Supply chain management objectives can be realized by designing, developing, and
implementing supply chain situational models in which a wide variety of models are
presented in supply chain research literature (Badole ef al. 2012). An important
consequence of the fact that relationships are causal and quantitative is that the models
can be used to predict the future state of the modelled processes rather than be restricted
to explaining the observations made (Bertrand and Fransoo 2002). Through its ability to
deal with random variables, stochastic computer simulation can be utilized to deliver the
required input for the evaluation of supply chains; thus, the use of simulation models can
support quantitative modelling research (Reiner 2005). Simulation models has been
widely used across the after-sales field repair service literature, as presented in the

previous chapter.
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3.3 Research Approach

This section provides an overview of the general research approach of the thesis and the
research process taken to conduct this study. The research objectives of this thesis are

presented as follows:

1) To analyse the outsourced after-sales field repair service contracting approaches
currently used by the case organization and described in literature.

2) To understand the after-sales field repair service provision of the case
organization in both established and emerging markets.

3) To develop a framework for strategic performance-based contracting based on
continuous improvement to improve the efficiency and effectiveness of
outsourced after-sales field repair service contracting.

4) To explore after-sales field repair service practices across various industries by
evaluating a number of multinational organizations providing product service
systems in the Middle Eastern emerging markets.

5) To develop a trial-ready approach for outsourced after-sales field repair service

contracting in both established and emerging markets.

As mentioned in Chapter One, this research study was initiated based on the motivation
of a large multinational computer manufacturing organization and was conducted with
their base in Ireland which is responsible for the provision of after-sales services in the
EMEA region. The services side of the case Company X business is one that has
continued to experience significant growth in the last number of years. As is the case right
across the computer manufacturing sector, Company X service offerings and their quality
play an important role as a differentiator in the market. Hence, initial meetings were held
in this base with EMEA services operations director, EMEA emerging markets services
supply chain director, and EMEA external service provider strategy manager to recognize
the general outlook of their after-sales service operations along with identifying the area
that is required to be improved, i.e. outsourced services contracting. Their particular goal
was to tackle the emerging markets located within the EMEA region with a higher growth

potential than established markets.
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Company X had already started to execute a set of plans to benefit from the growth of a
number of emerging markets within the EMEA region, especially in Eastern Europe, with
the Middle East considered as their next target. Egypt, Qatar, Turkey, and UAE are the
current emerging markets located in the Middle East according to the Financial Times
Stock Exchange country classification (FTSE 2017) and Morgan Stanley Capital
International emerging markets index (MSCI 2017). Turkey was already subject to a
working research study plan by the case organization. Therefore, based on its high
population and potential growth, Egypt was identified by the directors to be the ultimate

purpose of this research study in terms of PSS provision.

In order to gain a better and thorough understanding of the overall research domain, i.e.
after-sales services associated with manufactured products, and the specific research
domain, i.e. field repair services, a detailed analysis of the literature was required. This
includes reviewing the existing literature of PSS, after-sales services, field-based

services, and field repair services as well as research on services contracting.

Then, a set of advanced meetings were held with several members working at different
levels in the service operations division of the case organization to better understand their
after-sales field repair services provision. Moreover, the contracting process for
outsourced services along with its associated approaches used by the case organization
were analysed. Those meetings were held through different communication means
including face to face meetings, conference calls, telephone calls, and emails with
members based in Ireland, Dubai, and Cairo as follows. Global category manager and
EMEA process analytics team supply chain consultant in Ireland. The Middle East
emerging markets senior program manager and deployment services director in Dubai.
Country manager, large corporate accounts manager, and senior technical account
manager in Egypt. Dubai base is responsible for the Middle East region and Cairo base is
responsible for Egypt. As is the case typically across the established markets, the case
organization hires international service providers with large number of resources,
expertise, and capabilities to provide services in the emerging markets. However,
Company X must rely on local intermediaries in the emerging markets also, given their

experience in local markets and their ability to maintain competition for business.
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During these set of meetings, several attempts were made to collect information about the
case organization after-sales service operations and their associated historical data in
Egypt. Based on these attempts, it was possible to get data around products in terms of
sales, market share, and competitors but there was difficulty in terms of getting data
around after-sales services associated with products sales. Although the case organization
has a common system and a structured database that are used by all partners to record the
details of all service calls in established markets, this process is unstructured in emerging
markets, with the exception of replaced parts. There is a system for parts ordering across
the market, the region, and the world but when it comes to the service call details in an
emerging market, it is partner specific. Each partner has its own system for recording the
details of the service calls received and/or provided. Hence, there were no details in the
case organization about service calls that did not require parts replacement. In-depth
analysis has shown that the case organization has an agreement with a set of partners to
sell the products and provide their associated after-sales services. Principally, those
partners are mainly product dealers with very little experience in services. Given that their
business is sales-based and there is a lack of the required system, partners do not keep
good and structured records for the services they provide. Thus, the historical data
available at each partner are not well structured, recorded in different formats, and

considered unreliable.

Based on both literature analysis and case analysis, a generic extended supplier selection
framework was proposed accompanied with a continuous improvement element to
improve outsourced field repair service contracting both in established and emerging
markets. The proposed framework is based on simulation and continuous improvement
techniques which was developed to build long-term relationship with few suppliers
allowing for strategic partnerships. This was followed by proposing a methodological
execution approach that supports continuous improvement implementation to improve
the efficiency and effectiveness of field repair service contracting. This approach is based
on business process modelling and its associated simulation capabilities which were
developed to establish and enhance buyer-supplier relationships and strategic

collaborative partnerships.
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Although the primary intention was to address the emerging markets, in-depth analysis
has shown that using data from partners in those markets; particularly in Egypt; is not the
best approach for this study. Thus, a decision was made to begin working in this study
with data from an established market to develop the proposed framework, which can be
used in emerging markets. Hence, there was a need to evaluate the outsourced after-sales
field repair service provision in Egypt compared to the established markets, as a
representative country of the Middle Eastern emerging markets. This was conducted by
exploring practices of a number of multinational organizations providing PSS in terms of

after-sales field repair services across various industries in the Egyptian market.

Based on this exploratory study, the operational differences between the emerging
markets, i.e. Egyptian market, and the established markets are not significant; hence, it is
theoretically applicable to use data from an established market to develop the proposed
framework with an ultimate goal to improve outsourced after-sales field repair service
contracting in emerging markets. Therefore, a real case example from the UK was
selected, which was a part of a pre-existing study (Blake 2009), and a detailed analysis of
the case was conducted. This example was recommended by the case organization as it
provides the required reliability of both information and historical data. In addition, it was
tested in a previous study and has shown valid results, which creates a potential to extend

the work done around this case.

For more illustration, Figure 3-2 presents the research process in terms of the number of
distinct steps taken to carry out this study. As illustrated in the previous paragraphs,
different research methods were used in this thesis including case research, i.e. analysing
service operations of the case organization and exploring multiple organizations service
practices in Egypt, and modelling research, i.e. developing business process model with
simulation capabilities for field repair service provision. These methods were selected as
the most appropriate to address the particular aim of this thesis following an analysis of
all the different research methods that could be used. All the research methods that could
be used are presented in Section 3.2 and the full details of the selection process are

presented in Section 3.4.
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Figure 3-2: Steps of thesis research process.

3.4 Selected Research Methods

Case research and modelling research were used as the main research methods in the
thesis. Since the study is stemmed from a real case company, case research is the most
appropriate research method that enables studying the case organization service
operations for better understanding of their after-sales field repair service provision and
its associated characteristics and complexities. Moreover, case research was the most
appropriate research method for analysing the real case example from the UK. The
original data was collected as part of a previous PhD study (Blake 2009) which analysed
that case. The current study is an extension to that single case analysis through additional
interactions with members from the case organization to enhance the understanding of
the case. To accommodate the changes that took place since 2009, data was updated and

additional data was collected.

In order to explore after-sales field repair service practices in the Egyptian market, there
are two main suitable research methods: survey research and case research. Both methods
are field-based that allows for data collection. However, case research was selected and
used to conduct a multi case study, secondary case research, evaluation of a number of
multinational organizations providing PSSs operating in Egypt. Favouring case research
over survey research was based on the following reasons. Survey research is better when
collecting data from a large number of cases, which was not the case in this study because
the target was 10-15 cases. Case research presents itself as a key research strategy to
engage with phenomena that have yet to be tightly identified and defined (Koulikoft-
Souviron and Harrison 2005). In addition, case research can be a powerful, influential,

and useful contribution to both management practice and theory development (Seuring
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2005). The results of case research can have very high impact through leading to new and
creative insights, development of new theory, and have high credibility with practitioners
(Voss et al. 2002). Thus, it is an appropriate method for exploration to uncover areas for
research (Voss et al. 2002; Gimenez 2005) and allows for in-depth insights into emerging
fields (Seuring 2005), which is the objective of this part of the thesis, i.e. exploring PSS
and its associated after-sales field repair service practices in Egypt. Moreover, it allows

for high interaction with the cases which facilitates flexible data collection.

In order to investigate the outsourced services contracting improvement, modelling
research is the most appropriate research method that enables the development of a
quantitative model that imitate the field repair service provision of the case organization.
Given the framework proposed in this study, the developed model is the most appropriate
platform to address the complexities associated with field repair service provision and to
quantify the impact of the proposed changes over time. This enables to test the feasibility

and applicability of the framework with the ultimate aim of improving contracting.
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Figure 3-3: Research methods used in this study.

Figure 3-3 illustrates the research methods used in this study, the purpose for their use,
and their associated types. As follows, more details on the use of case research and
modelling research are presented along with a description and illustration of why they are
appropriate for this study. Moreover, a detailed review of their associated tools that could

be used and the selections made for this study are presented.
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3.4.1 Case-based research

Based on the thesis research objectives, a case-based research was utilized to address two
different parts in this study: analysing service operations of the case organization, primary
case research, and exploring multiple organizations, secondary case research, service

practices in Egypt.

Interaction with the case organization was utilized to better understand their after-sales
field repair services provision and to analyse outsourced services contracting approaches
used. In addition, general information and historical data was collected for the case
organization after-sales field repair service provision. More specifically, service
operations of the case example from the UK. Both service process understanding and data
collection were integral for the solutions proposed by this study, i.e. extended supplier

selection framework, as well as for its testing.

Although the case organization base in Ireland was a very good source of information for
the established markets within the EMEA region including the case example from the
UK, little information for the Middle Eastern emerging markets was available. Hence,
several meetings were held with service managers working in Dubai and Cairo offices.
However, field repair service information in the Middle Eastern emerging markets was
incomplete (i.e. full data is available for replaced parts only) and unreliable (i.e. service
call details recording is partner specific with no consistent recording format), as explained
before. On the other hand, solid data from the UK was available to be used for developing
the proposed framework, which can be transferred to emerging markets. Therefore, case-
research was used to explore after-sales field repair service practices across various
industries in the Egyptian market through the evaluation of a number of multinational
organizations providing PSSs, secondary case research; where, a multi case evaluation
was conducted for a number of multinational manufacturing organizations providing field

repair service in the Middle Easters emerging markets.

There are several well recognized methods that can be used to collect data from multiple
cases, where the most popular ones are observation, interview, and questionnaire. The
choice of a method depends upon the purpose of the study, the resources available, and

the skills of the researcher (Kumar 2011). However, using several informants and
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different data sources allowed for triangulation to check the internal consistency of data

and the validity can be increased further (Voss et al. 2002).

Typically the prime source of data in case research is structured interviews (Voss et al.
2002). Interviewing is a commonly used method of collecting information from people.
Interviews are about interacting with members of an organization and taking notes (Soni
and Kodali 2012). They are classified into different categories according to the degree of
flexibility in interview structure, contents, and questions; structured and unstructured

interviews (Kumar 2011).

The selection between an interview schedule and a questionnaire should be based upon

the following criteria (Kumar 2011):

e The nature of the investigation — If the study is about issues that respondents may
feel reluctant to discuss with an investigator, a questionnaire may be the better
choice as it ensures anonymity. This may be the case with studies on drug use,
sexuality, indulgence in criminal activities and personal finances. However, there
are situations where better information about sensitive issues can be obtained by
interviewing respondents. It depends on the type of study population and the skills
of the interviewer.

e The geographical distribution of the study population — If potential respondents
are scattered over a wide geographical area, you have no choice but to use a
questionnaire, as interviewing in these circumstances would be extremely
expensive.

e The type of study population — If the study population is illiterate, very young or

very old, or handicapped, there may be no option but to interview respondents.

It can be observed that interviews is better than questionnaires in regards to the collected
data and their quality, while questionnaires are used in case interviews cannot be
conducted due to restrictions such as time, cost, and nature or type of the study. Hence,
interviewing has been selected to collect the data required for the multi case evaluation.
Interviews is more appropriate for complex situations, useful for collecting in-depth
information, collected information can be supplemented, questions can be explained, and

has a wider application (Kumar 2011). On the other side, it has some disadvantages such
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as: being time consuming and expensive, the quality of the data depends upon the quality
of interaction and the quality of the interviewer, the quality of the data may vary in case
of multiple interviewers are used, and the researcher may introduce his/her bias (Kumar
2011). To overcome these disadvantages, the interviewees were chosen carefully and a
single interviewer was used to ensure good quality of data. Moreover, to minimize the
interviewer bias, two employees were interviewed from each company using an interview
schedule to ask a predetermined set of questions using the same wording and order as

well as using other several data sources.

3.4.2 Model-based research

Based on the thesis research objectives, model-based research was utilized to contribute
to two different stages in this study. Firstly, to model and analyse the field repair service
provision and secondly, to simulate the field repair service provision. These two stages
allow for proposing and developing a framework to improve outsourced field repair
service contracting that incorporates continuous improvement element, associated with a
methodological execution approach for the implementation of continuous improvement
to improve the efficiency and effectiveness of outsourced field repair service contracting.
The use of a modelling tool enables the description of the field repair service provision
of the case organization. The developed model is used to analyse the service provision
for process improvements identification. Furthermore, the use of a simulation tool enables
the development of a quantitative model that imitates the field repair service provision of
the case organization. The developed simulation model is used to experiment different

scenarios given its ability to change the inputs, run the model, and quantify the output.

A modelling research approach that can be used to understand the after-sales field repair
service provision of the case organization is Business Process Management (BPM). It is
defined by (van der Aalst 2004) as: “supporting business processes using methods,
techniques, and software to design, enact, control, and analyse operational processes
involving humans, organizations, applications, documents and other sources of
information”. BPM includes process mapping which is a fundamental technique in
understanding and improving operational systems (Proudlove ef al. 2017). BPM aims to
improve business processes by modelling a business process and analysing it using

simulation, which leads to ideas on how to reduce costs while improving service levels
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(van Der Aalst et al. 2016). It can bring significant benefits to the organization such as a
better understanding of its business processes, more control, and better business
performance (Buh et al. 2015). Eventually, BPM aims to strategically assess and
continually improve efficiency and effectiveness of business processes within
organizations to achieve lower costs, improve quality, and gain in productivity and

competitiveness (Meidan et al. 2017).

The interest in BPM has triggered substantial academic and commercial work aiming
toward advanced BPM solutions with business process modelling one prominent and
popular example in this context (Recker et al. 2009). Business process modelling is one
of the main aspects of BPM which refers to the actual representation of the business
process in terms of a business process model using a process language (Weske et al.
2004). Process models enable the understanding of actual processes and provide a basis
for cross-organizational collaboration by visualization or simulation (Hill et al. 2006).
Thus, business process modelling provides useful support for describing, analysing, and

simulating the business process (Alotaibi 2016).

Business process modelling tools, also known as business process analysis tools, provide
a shared environment for the capture, design, and simulation of business processes (Hill
et al. 2006). Business process analysis aims at investigating properties of business
processes that are neither obvious nor trivial and includes simulation, diagnosis,
verification, and performance analysis (Weske et al. 2004). Thus, BPM is recognized as
a continuous improvement method nowadays and is a common practice followed by a
large number of organizations in all areas of business (Meidan et al. 2017) given its
business process analysis and business process simulation capabilities, which is identified

as an important aspect of BPM that is expected to grow (Weske et al. 2004).

The delivery of after-sales field service is a dynamic and complex process dominated with
uncertainties; thus, it is usually too complex for analytical approaches with the simulation
approaches representing a powerful method for modelling such systems (Zhou et al.
2016). Simulation also can handle the high complexity of supply chains (Reiner 2005).
Thus, simulation of the developed business process model can further benefit this study.
The use of business process modelling in this study, including business process analysis

and business process simulation, allows for describing; analysing; and simulating after-
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sales field repair service provision. It also allows for cross-organizational collaboration

to support better contracting for outsourced services through continuous improvement.

Details about the selected tools, associated with the identified research methods,
including business process modelling tool; business process simulation software; and

interviewing tool are presented in the next Section.

3.5 Research Design

This section presents the research design of the remainder of the thesis and explains how
the following chapters use the selected methods to address the overall aim and the
research objectives of this study. Although a general literature review was presented in
Chapter Two, a specific literature review section related to each of the different studied
points has been embedded into each one of the following chapters. Given that the three
following chapters are addressing three distinctive components of analysis, those specific
reviews were used. The following three subsections provide a brief illustration of the

work carried out in the next three chapters.

3.5.1 Performance-based contracting framework

Based on talks with the case organization and analysing their field repair service
provision, a need for extending the traditional supplier selection process was identified.
Reviewing of literature and evaluating the existing contracting approaches used by the
case organization provide additional motivation for this extension. Chapter Four,
proposes a performance-based contracting framework for use in the final stage of
manufacturing-based field repair service contracting. At the centre of this framework is a
simulation-based continuous improvement approach, which is encapsulated in a
collaborative negotiation process between buyer, i.e. manufacturer, and supplier, i.e.
service provider. The continuous improvement approach is based on the combined use of

business process modelling and business process simulation.

Business process modelling method and its associated tools are used to describe and
analyse field repair service provision to identify process improvements opportunities and
their suggested initiatives. More specifically, Business Process Model and Notation

(BPMN) standard is used as the business process modelling tool to describe and map the

71



Aly Owida University of Limerick

service provision. BPMN has been selected as it is the most recently proposed notation
for business process modelling (Recker et al. 2009) which was recognized and ratified by
the Object Management Group (OMG) as a process modelling standard (Recker et al.
2009; Uhlmann et al. 2016). It is backed by strong practitioner interest (Recker et al.
2009) where its applicability has been expanded since 2011 (Uhlmann et al. 2016) after
publishing version 2.0 (OMG 2011), which is the most popular currently applied
notations of the business process (Jaroslaw Koszela 2017). In addition, BPMN has been
argued to be the best of the tool standards available to link with simulation (Proudlove et
al. 2017) and the leading standard in the frame of business processes and workflow
modelling languages (Chinosi and Trombetta 2012). It is more readable and
understandable than the Unified Modelling Language (UML) (Gjoni 2015) and has
acquired a clear predominance among the modelling notations for business processes
(Corradini et al. 2018). In addition, it has been emerged as widely accepted in industry
and academia alike (Geiger et al. 2018).

As mentioned in Section 3.4.2, it is required to use simulation to run the developed model
of the field repair service provision of the case organization given its ability to handle the
high complexity that exists in such systems. Discrete-Event Simulation (DES) is
considered very important in supply chain research (Reiner 2005) and has been
recommended by (Rapaccini et al. 2008; Hertz and Sproedt 2013; Hertz et al. 2014) for
use in the field service domain given its capability of providing sensitivity analysis and
answering what-if questions. It is useful to model extremely complex systems and can
capture most characteristics in a real world environment (Hertz and Finke 2011)
realistically (Colen and Lambrecht 2012). Although DES enables capturing field repair
service provision details and variability, simulation packages are complicated for
practitioners and difficult to use. Hence, Business Process Simulation (BPSim) standard
(WEMC 2016) was used as it is easier than traditional simulation packages for
practitioners and allows for describing the required details as well as capturing variability
through the automated generation of a DES model from BPMN process maps. More
specifically, the Bizagi Modeler is used as the business process simulation tool as it uses
the BPMN standard to build process maps and the BPSim standard to run DES, which is

useful to model and simulate the field repair service provision business process.
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Bizagi has been selected as an efficient, easy to use BPMN-based tool that enables visual
diagramming, modelling, and documenting of business processes in industry-standard
BPMN (Bizagi 2017). It is a leading business process management solution that assists
in improving business processes without the need of programming (Wongwatkit 2012).
(Chinosi and Trombetta 2012) aftfirmed that Bizagi is the first choice of BPMN modelling
tools and softwares based on a survey conducted by the authors among 30 BPM(N)
experts and another informal survey conducted among more than 40 members of a BPMN
group on LinkedIn. According to both surveys, Bizagi is the best BPMN editor but when
it comes to open source softwares, Bonita and Signavio are the best with 16.67% followed
by Bizagi and Trisotech with 11.11% (Chinosi and Trombetta 2012). However, open
source softwares are not of importance to the research conducted in this thesis.
Researchers interested in open source softwares because they are free and their source
code are available and can be modified while this thesis aims to develop a trial-ready
system that is simple and easy to use for all business users. Given that it is the best BPMN
editor and it is free, Bizagi is the best choice for this work. Although Bizagi is codeless
and allows for limited customization, it is an ideal system for business process
management (Wongwatkit 2012). In addition, it is among the most widely used business
process verification tools (Corradini et al. 2018) and allows for the operationalization of
the proposed conceptual models. More details on the used tools and methods are

described in Section 4.4.

3.5.2 Multi case evaluation

Based on the lack of reliable information on emerging markets and the collective decision
to use data from an established market, a need for further exploration of practices in
emerging markets was identified so as to examine the similarities and differences with
respect to established markets. Chapter Five, evaluates the manufacturing-based field
repair service systems operated by multinational organizations in the Middle Eastern
emerging markets. This includes analysing multiple cases using interviews across
different industries to identify different field repair service models and practices along
with describing the unique characteristics of such markets. The chapter provides an
assessment for the PSS requirements in the Middle Eastern emerging markets and

provides deeper insights for those looking to expand into those markets.
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Case-based research was used as an exploratory research method to gain detailed
understanding of after-sales field repair service provision and their associated models
operated by multinational manufacturing organizations in the Middle Eastern emerging
markets, secondary case research. Structured interviewing was used as a method of data
collection in which interview schedule was used as the research tool for collecting the
required data (Kumar 2011). Advantages of the structured interview includes providing
uniform information, assuring the comparability of data, and requiring fewer interviewing

skills than does unstructured interviewing (Kumar 2011).

In a structured interview, the researcher asks a predetermined set of questions using the
same wording and order of questions as specified in the interview schedule (Kumar 2011).
An interview schedule is a written list of questions, open ended or closed, prepared for
use by an interviewer in a person-to-person interaction which can be face to face, by
telephone, or by other electronic media (Kumar 2011). The questions were created
carefully to figure out the description of manufacturing field repair service provision
while ensuring anonymity of the interviewed organizations. The full details of the
research methodology associated with this case-based research including research design,

research sample, and data collection are described in Section 5.3.

3.5.3 Simulation-based continuous improvement

Chapter Six, presents the development, verification, and validation of both conceptual
and simulation models of the case organization field repair service operations in an
established market with a potential applicability in emerging markets. Then uses both

models to test the implementation of the continuous improvement approach.

Business process simulation is used to enable and support the implementation of
continuous improvement by evaluating the impact of each improvement initiative and
testing initiatives implementation over the contract lifecycle. Bizagi Modeler was used to
run such different scenarios and to quantify the impact of the targeted performance
measures over the contract lifecycle. Bizagi was selected as it allows for business process
simulation with variable processing times, resources, and calendars to support decision
making and boost continuous improvement (Bizagi 2017). It offers additional analysis
functions for the evaluation of business processes including what-if analysis (Saldivar et

al. 2016). Moreover, it has been claimed that Bizagi is the most preferred BPMN editor
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(Kocbek et al. 2015) and one of the most swift and effective ways for the transfer of some
business processes to outsourcing at agro-industrial enterprises (Aranchiy et al. 2017).
Thus, it allows for modelling and simulating field repair service provision and can be
used to evaluate the impact of changes through quantifying a set of performance

measures.

Real-life scenarios from the operations of the case organization in an established market
are used to develop both the BPMN model and the DES model, using the Bizagi Modeler,
for the business processes of the field repair service provision. These scenarios are also
used to test the feasibility and applicability of the proposed framework and its associated
continuous implementation approach to the field repair service contracting. Input data of
the real-life case and the DES model enable evaluating the impact of improvement
initiatives, running improved scenarios through a schedule-driven implementation plan
for the initiatives to quantify the targeted performance measures over the contract
lifecycle, and perform what-if analysis. Such scenarios are used to complement the
research. More details are described on the business process modelling, verification, and
validation in Section 6.3 and on the continuous improvement implementation in Section

6.4.

3.6 Conclusions

In this chapter, four available research methods predominantly used in supply chain
research (Seuring et al. 2005) are reviewed to identify their applicability to address the
research questions posed in this thesis. After-sales services fall broadly into the category
of supply chain research domain. From the reviewed research methods, i.e. survey
research; case research; action research; and modelling research, case research and
modelling research were selected as the most appropriate research methods to address the
case-based nature of this study and to quantify the possible improvements in outsourced
after-sales field repair service contracting respectively. Moreover, the selected research

methods were selected based on the thesis overall aim and objectives.

Case-based research conducted in this study includes both single case, primary case
research, and multi case studies, secondary case research. Single case study research was

conducted with the case organization using different communication means including
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face to face meetings, conference calls, telephone calls, and emails. Multi case study
research was conducted with a number of manufacturers using interviewing of several
service personnel. More specifically, structured interviewing was used as a method of
data collection in which interview schedule was used as the research tool for collecting
the required data. Model-based research conducted in this study includes business process
modelling with simulation capabilities to develop DES model. DES was used as the most
appropriate research tool to model existing field repair service provision along with its
associated complexities and to model the new proposals as well. More specifically,
business process modelling, including business process analysis and simulation, was used
for the analysis and modelling of the system under review. More specifically, BPMN is
used for business process modelling and Bizagi Modeler is used for business process

simulation.

76



Aly Owida University of Limerick

4 Service Contracting Framework

4.1 Introduction

In manufacturing, service purchasing involves outsourcing to specialized service
providers so as to allow the manufacturing firm to continue to focus on their core
manufacturing processes. Thus, the service supply chain typically transforms to a triad
with integrated service solutions leading to high dependency on the specialized skills and
capabilities of service suppliers (Finne and Holmstrom 2013). A large share of the
outsourced service operations becomes part of the buying organization’s value
proposition to its customers where they are purchased (Wynstra ef al. 2015). However,
many organizations experience difficulties in effectively organizing the transactions and
relations involved in buying and managing services (Ellram ef al. 2007; van der Valk and
Rozemeijer 2009), although opportunities for increasing profits through more effective
purchasing of services is large (van der Valk and Rozemeijer 2009). (Li and Choi 2009)
suggest that there is a lack of understanding of the dynamic nature of such triadic
relationships among service buyers, service suppliers, and the buyer's customer which
leads to many failures in outsourcing services in supply chains, thus suggesting a need to
incorporate more advanced techniques into the ongoing management and improvement
of such relationships. In a similar way, (Chalal et al. 2015) suggest that while the
transition towards the integration of services in manufacturing organisations provides for
strong opportunities of new business model development and implementation, the
industrial transformation to such business models means decision-makers are confronted
with high decisional complexity. They conclude that this presents a concrete need for
developing servitization decision support systems (DSS), with a particular focus on DES

to support performance-based evaluation.

The shift towards service operations requires manufacturers to focus on their relationship
capabilities (Brax 2005). A PSS changes the relationship between the manufacturer and
the customer from a single point transaction (e.g. product purchase from manufacturer)
to an ongoing relationship where the manufacturer continues to provide services to the
customer throughout the life of the PSS (Lockett et al. 2011). As manufacturing firms

make the transition towards increased service offerings, provided by external third
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parties, they do so steeped in the tradition of manufacturing-based principles and
associated supplier selection strategies. (Luo et al. 2009) broadly categorise supplier
evaluation and selection methods, based on an earlier classification by (de Boer et al.
2001), into three main stages: 1) Criteria Formulation; 2) Qualification, in which suitable
suppliers are identified; and 3) Choice, in which a selection is made. In an extension of
this categorisation (Luo et al. 2009) suggested the addition of a new fourth stage
‘Application Feedback’, as future research directions, which incorporates an element of
continuous improvement to identify the strengths and weaknesses of the recently
completed selection process with a view to improving subsequent supplier selection
applications. (Wu and Barnes 2011) propose that this phase has not been adopted by other
researchers and that such a stage is important and necessary in today’s competitive

environment.

This chapter addresses a number of identified research gaps in the traditional supplier
selection practice literature as well as the case organization issue of identifying an
alternative supplier selection approach that allows for improving field repair service
contracting. In recent years, the final selection of suppliers is typically carried out using
reverse auctions, which are not useful in maintaining strong partnerships (Gattiker et al.
2007). The chapter extends the work of (Byrne ef al. 2013) through the presentation of a
performance-based contracting framework for use in the final stage of a supplier selection
process for manufacturing-based field repair service contracting. At the centre of this
framework is a DES-based continuous improvement approach, which is encapsulated in
a collaborative negotiation process between manufacturer and an individual service
provider. Based on this premise, this chapter proposes an innovative decision support
framework which builds on the concept of cross-party participation (i.e. across the
manufacturer and service provider in the later stages of a strategic supplier selection
exercise), with built in performance improvement targets detailed within the contract,
which have been verified, costed, and agreed upon for the duration of the contract
lifecycle. More specifically this framework has been designed to support: 1) collaborative
continuous improvement by the manufacturer and service provider to support: 2)
finalisation of an agreed service offering, including specific pricing points and contractual
time horizons, 3) identification, evaluation, and agreement on process improvement

initiatives to be conducted over the contract lifecycle, and 4) agreement on the sharing of
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identified cost savings and/or profit increases across both organisations achieved from

actions taken in step 3 over the contract lifecycle.

The remainder of the chapter is organized as follows. Section 4.2 reviews the literature
focusing on the supplier selection problem, field service performance-based contracting
and modelling, and in particular business process modelling and simulation. Section 4.3
presents the extended supplier selection framework illustrating its conceptual design.
Section 4.4 presents the methodological design of the continuous improvement approach.

Section 4.5 discusses the research findings and Section 4.6 presents the conclusions.

4.2 Literature Review

This section first overviews the main approaches used in supplier selection. Then,
demonstrates the role of performance-based contracting in services highlighting the role
of DES as a collaborative-based tool. It also presents an overview of the business process

modelling and simulation.
4.2.1 Supplier selection

The criticality of supplier selection to overall supply chain performance is well
documented in the literature (Gonzalez et al. 2004; Byrne et al. 2013; Chai et al. 2013;
Dursun and Karsak 2013). However, choosing the right supplier involves much more than
scanning a series of price lists (Ho ef al. 2010). The supplier selection problem is by its
nature multi-dimensional and can include many different variables, such as quality, price,

payment terms, lead time and reliability.

(Aissaoui et al. 2007) suggest that most of the literature has been focused on the buyer’s
perspective, with a clear need to move towards the inclusion of the buyer and seller in the
negotiation process. Furthermore, the majority of published articles on supplier selection
methods have tended to focus on product-based systems (e.g. Degraeve, Labro, &
Roodhooft, 2004; Dursun & Karsak, 2013; Kuo & Lin, 2012). However, in recent times
a small number of articles have begun to focus on supplier selection methods for service-
based systems (Amini et al. 2005; Feng et al. 2011; Huber and Spinler 2012; Byrne et al.
2013). Services by their nature are hard to evaluate in advance of their purchase, thereby
complicating supplier selection (van der Valk and Rozemeijer 2009). Due to the complex

nature of service provision there is a clear need for dedicated DSSs (Chalal et al. 2015).
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A wide array of solution approaches to the supplier selection problem can be seen in the
literature. These papers can be broadly categorised into those that use a single modelling
approach and those using an integrated methodology. Papers presenting a single approach
for supplier selection problem in the literature have generally used the following
techniques: mathematical programming (Degraeve and Roodhooft 1999; Degraeve et al.
2004; Hong et al. 2005; Narasimhan et al. 2006; Liao and Rittscher 2007; Saen 2007;
Qian 2014), fuzzy theory (Jain et al. 2004; Amid et al. 2006; Chen et al. 2006; Sarkar and
Mohapatra 2006; Florez-lopez 2007; Aksoy et al. 2014), Data Envelopment Analysis
(DEA) (Liu et al. 2000; Forker and Mendez 2001; Narasimhan et al. 2001; Talluri and
Narasimhan 2005; Ross ef al. 2006), integer and mixed-integer programming (Gaballah
1974; Kasilingam and Lee 1996; Ghodsypour and O’Brien 2001; Talluri 2002; Liao and
Rittscher 2007; Feng et al. 2011; Guo and Li 2014; Hammami et al. 2014), outranking
approach (de Boer et al. 1998), Analytical Hierarchy Process (AHP) (Masella and
Rangone 2000; Akarte ef al. 2001; Hou and Su 2007), Total Cost of Ownership (TCO)
(Degraeve et al. 2000), weighted linear program (Ng 2008), max-min approach (Talluri
and Narasimhan 2003), stochastic integer programming (Feng et al. 2001), Discrete
Choice Analysis (DCA) (Verma and Pullman 1998), computer expert system (Vokurka
et al. 1996), and DES (Byrme et al. 2013; Chalal et al. 2015). In addition, (Wadhwa and
Ravindran 2007) present and compare three multi-objective optimization methods which

are weighted objective, goal programming and compromise programming.

Moreover, integrated approaches represent a significant proportion of the modelling
techniques presented for the supplier selection problem in the literature. In particular AHP
is a commonly used technique in this integrated approach. A selection of papers using
AHP in an integrated approach for supplier selection include: (Wang et al. 2005) - pre-
emptive goal programming; (Kull and Talluri 2008) - goal programming in the presence
of risk measures and product lifecycle considerations; (Mendoza et al. 2008) - a three-
phase methodology using ideal solution approach and goal programming; (Cebi and
Bayraktar 2003) - using lexicographic goal programming; (Ghodsypour and O’Brien
1998) - linear programming; (Xia and Wu 2007) - multi-objective mixed integer
programming; (Scott et al. 2013) - Quality Function Deployment (QFD); (Chan and
Kumar 2007) - Fuzzy Extended Analytical Hierarchy Process (FEAHP) including risk
factors; (Ramanathan 2007) - TCO and DEA; (Bottani and Rizzi 2008) - cluster analysis
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and Fuzzy logic; (Chan 2003) - Expert Choice software; and (Chen and Huang 2007) -
bi-negotiation agents. Other integrated approaches (not including AHP) are also used
such as (Singh 2014) - an algorithm based on TOPSIS and MILP approaches, (Garfamy
2006) - DEA and TCO, (Omurca 2013) - fuzzy c-means and rough set theory, (Kannan
et al. 2013) - fuzzy multi attribute utility theory and multi-objective programming, (Jolai
et al. 2011) - fuzzy TOPSIS and multi-period goal programming, (Dursun and Karsak
2013) - fuzzy multi-criteria group decision making and QFD.

A number of papers have applied simulation to the supplier selection problem. The studies
of (Ding et al. 2003, 2005) propose a DES optimization approach for supplier selection
for the supply of boots by a distribution company. In these papers the optimisation model
utilise Genetic Algorithms (GAs) to configure the supply network and the DES model
takes the GA inputs and evaluates relevant key performance indicators (KPI). In addition,
two papers present an analysis of a range of mathematical techniques using Monte Carlo
simulation using the same general input data set (Wu and Olson 2008) and (Azadeh and
Alem 2010). In these instances (Wu and Olson 2008) used Monte Carlo simulation: in
combination with Chance Constrained Programming (CCP), Data Envelopment Analysis
(DEA), and Multi-objective Programming (MOP) and (Azadeh and Alem 2010) in
combination with Data Envelopment Analysis (DEA), Fuzzy Data Envelopment Analysis
(FDEA), and Chance Constraint Data Envelopment Analysis (CCDEA). However, these
papers have been applied to the product supplier problem and not to product services and
none of these papers have used DES modelling for collaborative negotiations as proposed

in this chapter.

4.2.2 Performance-based contracting and modelling

As organisations become more dependent on suppliers the direct and indirect
consequences of poor decision making become more severe (de Boer ef al. 2001). As
mentioned in Chapter One, this dependency grows leading to a move away from shorter-
term adversarial contracts towards longer-term relationships with suppliers for strategic
and crucial items (Ho et al. 2010; Byrne et al. 2013) and there is currently a change of
focus in contracting from traditional contracts toward performance-based contracts (Kim
et al. 2007; Hypko et al. 2010). Contracting and incentive systems may be useful in

specifying and managing customers’ and subcontractors’ inputs into service production

81



Aly Owida University of Limerick

and delivery (Selviaridis and Norrman 2014). Performance-based contracting is shown to
be particularly useful for aligning incentives and risk sharing across the service supply
chain, since payment is tied to performance perceived by end customer (Selviaridis and
Norrman 2014) and using performance-based contracting along the after-sales service
supply chain can lead to improved services and reduced costs (Kim et al. 2007). In the
presence of uncertainty associated with performance, cost sharing is still an effective tool
with performance-based contracting for after-sales service supply chains (Kim et al
2007).

4.2.3 Business process modelling and simulation

Business process management systems enable and facilitate continuous improvement in
service provision leading to enhanced process efficiency and improved customer service
by analysing potential targets for development of cross-organizational business process
using detailed level operational process data (Hirvensalo et al. 2010). More specifically,
practitioners use business process management to establish a platform for continuous
improvement of their business processes (Wongwatkit 2012). The interest in business
process management has triggered substantial academic and commercial work aiming
toward advanced business process management solutions with business process
modelling one prominent and popular example in this context (Recker et al. 2009).
Business process modelling is a well-established methodology (Becker ef al. 2012) that
has proven effective for describing business processes in a comprehensible and
comparable way (Recker et al. 2009) and serve as a basis for the design, analysis and

improvement of business processes (Becker et al. 2012).

The business process management paradigm is being used increasingly in organizations,
in particular, BPMN (Delgado et al. 2011). BPMN is the de-facto standard for
representing, in a very expressive graphical way, the processes occurring in virtually
every kind of organization one can think of (Chinosi and Trombetta 2012) and is generally
applicable to develop process models for all kind of organizations independent of their
domain (Jannaber et al. 2017). Several business process examples that use BPMN can be
found in literature including a business process in a university (Gallego et al. 2016),
district public services process (Silvia et al. 2016), a case study of a surrogate key pipeline

process (Oliveira and Belo 2012), an example application dealing with an e-commerce
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scenario (Bocciarelli et al. 2014), an order processing system of flowers exporter
company (Wongwatkit 2012), a service-based business processes (Saldivar et al. 2016),
and various business processes in the industry with many different purposes (Kocbek et
al. 2015). BPMN was also practically used to model business processes of supply chains
along with their complexities and multi stakeholders involvement (Djatna and Luthfiyanti
2015; Kocbek et al. 2015; Glockner et al. 2017). Moreover, BPMN can be used as a
conceptual modelling method for simulation. Given that the existing methods are less
friendly to business users who may not be familiar with software engineering or computer
programming concepts, (Onggo and Karpat 2011; Onggo 2012, 2013) used and advocated

the use of BPMN for the agent-based simulation conceptual model representation.

Given that BPMN standard became mature, accepted, and widely used among business
and academic people alike (Kocbek et al. 2015; Saldivar et al. 2016), the simulation of
processes represented using BPMN is quite important (Chinosi and Trombetta 2012).
Thus, another standard; BPSim (WfMC 2016); has emerged which enables the automated
generation of DES model structure from BPMN process maps (Proudlove et al. 2017),
with an increasing number of IT tools exist for modelling; simulation; and execution of
BPMN-based process models with different functionalities mainly by means of
simulation possibilities (Uhlmann et al. 2016). One of these tools is Bizagi which uses
the BPMN standard to develop process maps and BPSim standard to run DES in the same

software environment (Proudlove et al. 2017).

Bizagi was selected as the most useful BPM Suite for a business process in a university
based on a survey conducted among BPM Suites experts from academia and business

(Gallego et al. 2016). It was also used in the literature in a number of different ways:

e to develop an order processing system of flowers exporter company (Wongwatkit
2012),

e to execute a BPMN model for a surrogate key pipeline process (Oliveira and Belo
2012),

e to support the extension of BPMN to embody business level agreements (Salles
et al. 2013),

e to model the classical user access management flow (Gjoni 2015),
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e to validate the business process modelling developed using the BPMN; simulate
the designed process improvement; and analyse the business process time in
district public services (Silvia et al. 2016),

e to model and analyse the business processes of outsourced innovative activities at
agro-industrial enterprise (Aranchiy ef al. 2017),

e to develop a sample business process noted in graphical notation of the BPMN
(Jaroslaw Koszela 2017),

e and to support automated generation of DES model structure from BPMN process
maps in the healthcare industry and simulate the business process during a
facilitated workshop with diverse stakeholders involvement (Proudlove et al.

2017).

4.2.4 Research gap

From an examination of the literature, it is clear that there is a growing interest in and
need for advancement in supplier selection methodologies for service provision. To date
research in this domain has focused almost exclusively on product-based systems. This
in combination with the increasing prominence of product-based service offerings
highlights the need for more research to be carried out in this domain. In recognising this
opportunity it is also important to take cognisance of the well documented characteristics
which differentiate product and service offerings and their associated supply chains.
Although there is a substantial need for intuitive modelling technologies such as BPMN
to decrease time for modelling of service processes such as field service and PSSs
(Uhlmann et al. 2016), little attention has been brought to business process modelling and

simulation in the field service literature (Hirvensalo et al. 2010; Uhlmann et al. 2016).

Although a previous study (Blake 2009), addressed this gap by proposing a collaborative
strategy for the outsourcing of after-sales field repair services which advances the supplier
selection and introduces continuous improvement via a traditional simulation package, it
was difficult to use by business users (buyer and supplier representatives) and requires
both technical simulation and computer programming experience. Despite developing a
Graphical User Interface (GUI), changes to the services supply network would require
technical simulation skills. In addition, a schedule for the continuous improvement

implementation is missing. Hence, further research is needed to build on (Blake 2009)

84



Aly Owida University of Limerick

study to develop an easier and more structural contracting methodology accompanied
with an execution-based approach for continuous improvement implementation
throughout the lifetime of the contract. Therefore, the framework presented in this chapter
attempts to address this gap and extend the existing literature base using (Luo et al. 2009)
suggestion of adding an application feedback stage to the final stages of supplier selection
for manufacturing-based service offerings, i.e. PSS. In doing so the chapter extends the
supplier selection literature beyond its current predominantly product focused boundary.
The framework also builds on the growing body of research which advocates the
movement towards longer-term contracts (Prajogo and Olhager 2012) and collaborative
supply chain agreements and partnership (Aissaoui et al. 2007) in contrast to more
traditional adversarial practices. Such longer-term partnerships are developed around the
key cornerstone of planned continuous improvement over the contract lifecycle,

especially in the area of service provision (Selviaridis and Norrman 2014).

From a review of the modelling approaches presented in the literature it is clear that
simulation in general and more specifically DES has, to date, been underutilised in the
field. The development of a DES modelling approach presents the opportunity on which
cross-party negotiations can be developed and facilitates the movement towards longer-
term collaborative supply chain agreements and partnership. Thus, the proposed
framework is based on the use of BPMN to describe and map the service process and
BPSim to convert this process map into a DES model. This combined use of BPMN and
BPSim is codeless and does not require technical simulation experience; hence, it is easier
to use and more practical for both buyer and supplier representatives involved in the

contracting process.

4.3 Extended Supplier Selection Framework

The proposed supplier selection framework (Figure 4-1) extends traditional supplier
selection strategies (Luo et al. 2009) to include a collaborative roundtable negotiation
stage introduced for the purpose of developing longer-term contracts with suppliers which
are underpinned by continuous improvement over the contract lifecycle. For this, it is
assumed that traditional supplier selection strategies are used by the buyer to reduce the
potential supply market base to a single, or small number of, candidate supplier(s) for

deeper shared engagement and collective negotiation between the buyer and each
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potential supplier, e.g. each individual service provider from the potential shortlisted
suppliers (Figure 4-1). This framework proposes the use of a DES model to facilitate the
roundtable negotiations between buyer and supplier representatives. The DES-based
negotiations method aimed to facilitate better supplier integration into the process with
an overall goal of facilitating extended contracting while simultaneously achieving
ongoing cost reductions and improved service quality over the contract lifecycle, which
is not to the detriment of either party. This directly enables a move away from the
common practice of traditional or typically adversarial cost orientated short-term

contracting directed almost solely by the buying organisation parties.

The simulation model, presented in Chapter Six, is used as the prediction base for how
the service supply chain will perform based on the collective input parameters provided
by both buyer and supplier during final roundtable negotiations. The simulation model is
a representation of the service supply chain under review and is an additional step to the
normal supplier selection process, allowing for the evaluation and testing of process
improvement initiatives as part of the negotiation process. The configuration of the buyer
(case organization) service supply chain design according to historical data of pre-
existing suppliers (service providers) with identified field repair service operations
demand, timings, flow probabilities, and costs represent the base line scenario. During
the collaborative roundtable negotiations, each one of shortlisted suppliers can propose
his own service offering costs. Simulation-based negotiations allow for rapid evaluation
of the existing base line proposal of the shortlisted suppliers in an individual manner. In
addition to identifying process improvement pathways, the proposed decision support
platform allows for rapid evaluation of the modified service offering based on the
proposed process improvements initiatives through simulation experimentation and
quantification of the overall impact on cost and performance (positive, negative or
neutral), thus providing a basis for informed decision making. This process is an
innovative and novel alternative for existing more adversarial techniques, such as
electronic reverse auctions, leading to enhanced performance and reduced costs over

longer contract horizons.

86



Aly Owida University of Limerick

( ) Traditional Supplier
Potential Supply Selection Process
Market Scanning (Buyer/Potential

S "

I

I

I

I

I

I

I

Suppliers Selection I
based on !
Developed Criteria :
I

I

I

I

I

I

— 1

Proposed
Supplier(s)
Shortlisting

Continuous

Extended Supplier
Improvement Sewicg Supp{y Selection Process
Model Simulation (Buyer/Individual

N e

Modified Service I\ll{eouo:?z:i]?)l:s
Offering &
Process Final Service R
Improvements Offering H Benefit Sharing J
| S

T

Figure 4-1: Extended — Supplier selection framework.

The incentive for both parties in identification of cost savings and/or profit increase is the
implications of profit/cost sharing by both parties and longer-term business stability
through extended contracting timeframes. DES lends itself well to such decision support
as it provides a flexible platform which has the capacity to rapidly evaluate a wide range
of potential improvement scenarios taking stochastic variation into account within the
negotiation process itself. This flexibility of scenario evaluation power of DES adds
significantly to the traditional supplier selection strategies. The purpose of this
collaborative activity is to together identify the expected performance targets for the
service supply chain, define process improvement initiatives for the life time of the
contract and negotiate final costings and benefit sharing where applicable. In many
instances this exercise, will be used when the potential supply pool has been reduced to
one or only a small number of potential suppliers. The extended supplier selection process
including continuous improvement, as illustrated in the lower part of Figure 4-1, is further
developed to detail and explain the continuous improvement approach in which is
presented in Section 4.4.
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4.4 Continuous Improvement Approach

This section presents the continuous improvement approach, as part of the proposed
framework presented in Figure 4-1. The continuous improvement approach addresses the
need for a structured procedure that takes into account execution restrictions including
implementation timeframes, contract lifecycle, implementation costs, projected savings,
Return on Investment (ROI), and customer satisfaction. This approach aims at identifying
a set of process improvements, prioritize them, and set a schedule-driven execution-based
implementation plan. This plan aims to schedule the implementation of the agreed process
improvements to ensure the targeted continued cost reductions and improved service
quality over the contract lifecycle are achieved. Based on the plan, incremental cost
reductions will be scheduled for the duration of the contract with shared benefits to both
parties of the contract. This phase is typically carried out prior to final contract sign-off;
thus, requires a number of tools to enable its execution. Tools and methods used within
this approach are first described and then the conceptual design of the approach is detailed

and explained.

4.4.1 Tools and methods

The continuous improvement approach has been designed and developed based on the
use of a modelling tool (to model the field repair service provision); a simulation tool (to
simulate the process); and a prioritization method (to prioritize process improvement
initiatives), with the ultimate goal of implementing continuous improvement over the
contract lifecycle. As will be outlined hereafter, each one of these is employed at varying

stages within the approach.

In a previous study with the case organization by (Blake 2009), a DES model was
developed using an object-oriented simulation modelling package (Plant Simulation),
which is a traditional simulation package. This model was tested to examine its
applicability (by running different scenarios) during the roundtable negotiations
compared to the integrated use of BPMN and BPSim using Bizagi. Based on this
experience, it was observed that Plant Simulation is a difficult tool to be used by both
buyer and supplier representatives involved in the negotiation process who neither have
a technical simulation experience nor a computer programming experience. On the
contrary, the BPMN standard is more applicable for modelling the field repair service
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business process under review as it is easier to use and understandable by all business
users. Similarly, given that it is a BPMN-based tool, Bizagi is a more applicable and
versatile tool for simulation of the field repair service under review without the need of
technical experience of modelling, simulation, and computer programming. (Proudlove
et al. 2017) identified model complexity (e.g. multiple routing conditions and non-empty
system starting conditions) and data analysis complexity (e.g. a need to re-code a
pathway) as the two main barriers for using BPMN and BPSim; however, it is not always
possible to determine the best tool; BPSim or traditional simulation package; for the
system under review before a trial using real data. Hence, the integrated use of both
BPMN and BPSim, using Bizagi for the real life example of the case organization under
review in this thesis is favourable over traditional simulation packages for modelling and
simulation of the field repair service provision business process. However, further testing
using Company X data is required to examine the applicability of Bizagi during the
collaborative roundtable negotiations as an enabler for continuous improvement

implementation over the contract lifecycle, which is presented in Chapter Six.

For the proposed continuous improvement approach, the modelling tool is BPMN; the
simulation tool is Bizagi; and the prioritization method is Multi Criteria Decision Making
(MCDM). A brief background to each of the above methods is presented, with

justification for inclusion in the overall framework, in the following subsections.
BPMN

BPMN provides businesses with the capability of understanding their internal business
processes in a standard graphical notation which facilitates the understanding of the
performance collaborations and business transactions between different organizations
(OMG 2011). It provides a common language for diverse stakeholders and considered as
an appealing tool for use in conceptual modelling (Proudlove et al. 2017). In addition, it
is the best choice of a modelling language for developing a process simulation modelling

approach (Wagner 2014).

In the proposed framework, a collaborative roundtable negotiations is to be conducted
between both buyer and supplier during the final stage of supplier selection for
manufacturing-based field repair service contracting. This collective negotiations is based

on the simulation of the outsourced field repair service provision to evaluate process
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improvements and to test continuous improvement implementation plan. Based on the
cross-party participation, a good representation that can be understood by all stakeholders
is more essential (Onggo 2013). Business process models represent blueprints that can
serve different purposes for a variety of stakeholders (Corradini et al. 2018). BPMN
allows for modelling of organizational structures in manageable pools or swim lanes,
which provide a good optical representation of the system under review (Kocbek et al.

2015) and enable identifying process improvement opportunities.
Bizagi

For modelling and simulation of business processes associated with field services and
PSSs, business process simulation is a useful tool to manage PSS dynamism (Rondini et
al. 2014). One of the emerging BPSim tools is Bizagi which allows for the description of
very detailed models (Oliveira and Belo 2012) through the automation of BPMN models
without the need to write code (Gjoni 2015). Based on a comparison of MosKitt (UML-
based) and Bizagi (BPMN-based) for business process automation, (Gjoni 2015)
highlighted that Bizagi fully supports modelling over programming philosophy. Bizagi
emerged as a tool in response to the challenge of continuous improvement of processes
(Gallego et al. 2016) through offering analytical capabilities for business processes
(Suarez et al. 2015). Based on a comparison between the most representative commercial
tools of business process analysis, (Saldivar et al. 2016) highlighted that only IBM
WebSphere and Bizagi offer what-if analysis. Hence, BPSim (using Bizagi) enables the
simulation and analysis of business processes based on real life data, which allows for

continuous improvement.

BPSim, using Bizagi, narrows the conceptual model gap between business process
modelling and simulation as well as helps non-simulation-specialist stakeholders
understand simulation more easily (Proudlove et al. 2017). The combined use of business
process modelling (i.e. BPMN in this case) and business process simulation with analysis
capability (i.e. Bizagi is this case) provides a cost effective, accurate, and rapid method
to analyse business processes, evaluate alternatives, and dealing with continuous
improvement (Bocciarelli et al. 2014). This combined use of BPMN and Bizagi can
facilitate and speed up the conceptual modelling, DES modelling, and experimentation

stages given the ability to perform model modifications live which would be useful to
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avoid significant delay or disruption from detailed technical input from the modeller

(Proudlove et al. 2017).
MCDM

In contemporary supply chain management, the performance of potential suppliers is
evaluated against multiple criteria rather than considering a single factor (Ho et al. 2010),
especially in service outsourcing (Feng et al. 2011). Single criterion analytical methods
cannot generate a realistic solution for supplier selection (Yildiz and A.Y. Yayla 2015).
MCDM can guide decision makers in evaluating existing or potential alternatives by
simultaneously applying multiple conflicting criteria (Goulart Coelho et al. 2017) and can
handle problems involving multiple criteria, producing meaningful results which can
enable higher quality decision making, especially in selecting the best alternatives

(Mohamed et al. 2015).

According to (Goulart Coelho et al. 2017), the following steps are commonly used in the
development of MCDM methods:

1. Goal and scope definition.
Theoretical framework definition.
Criteria and indicators selection.
Data normalization.

Weighting attribution.

AN

Sensitivity analysis.

The authors mentioned that the selection of the procedure used in each step of a MCDM
method depends on the available information as well as on the purpose of the study. The
first step is concerned with identifying the purpose and boundaries of the evaluation. The
second step is related to the structure that introduces and describes the theories and
concepts of the evaluation. The third step includes selecting the most appropriate criteria
and indicators that influence the decision making process. The fourth step provides
comparability for how each option perform against the identified criteria, which is
mandatory for methods based on weighted sum criteria aggregation. The fifth step defines
the weight distribution among the criteria which can be opinion-based (subjective
judgments by experts or stakeholders) or data-based (statistical or mathematical models).
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Therefore, the final step is essential to the consistency of a MCDM model and help
guaranteeing its reliability through conducting sensitivity analysis by changing input data
and framework elements such as the MCDM method, number of criteria, weight values,
and normalization process; however, there is a predominance of sensitivity assessment
based on weight changes because weighting attribution normally involves decision maker
judgments (Goulart Coelho et al. 2017). In MCDM models, sensitivity analysis is
valuable as it shows how much the results are influenced by fluctuations in weight

distribution among criteria (Rousis et al. 2008).

Scoring model was selected as a suitable MCDM approach that is capable of ranking the
process improvement initiatives. It is easy to use, transparent, and can be understood by
all users of the framework. Scoring model is a method similar to AHP but it is
mathematically simpler and available in several versions (Taylor 2013). In the scoring
model that will be used, the decision criteria are weighted in terms of their relative
importance, and each decision alternative is graded in terms of how well it satisfies the

criteria, according to the formula given in Equation 1 (Taylor 2013):

S = Z 9w, Equation 1

wj: a weight between 0 and 1 assigned to criterion j, indicating its relative
importance, where 1 is extremely important and 0 is not important at all. The sum
of the total weights equals 1.

gij . a grade between 0 and 100 indicating how well the decision alternative i (i.e.
improvement initiative) satisfies criterion j, where 100 indicates extremely high
satisfaction and 0 indicates virtually no satisfaction.

Si : the total score for decision alternative i (i.e. improvement initiative), where

the higher the score, the better.

To calculate the different scores for each initiative, the multiple criteria identified, their
weights, and the grades of each initiative are required. Criteria weights are opinion-based
in which the case organization sets the weights based on the relative importance of each
criterion to the service supply chain performance. Opinion-based weighting procedures

are a reasonable choice when judgments are based on profound knowledge (Goulart
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Coelho et al. 2017), which are usually determined on subjective basis (Fiilop 2005).
Grades are data-based in which the results of simulating the impact of each initiative are
used to identify and/or calculate the grades of each criteria satisfaction with respect to
each initiative. Since the grades vary widely and the scoring model requires grades
between 0 and 100, data normalization is required to bring all values into the range (0, 1)
with a selected linear function that uses minimum and maximum values to rescale grades

as the formula given in Equation 2:

X' = X = Xonin Equation 2

Xmax - Xmin

The use of these steps is presented in Chapter Six to test the implementation of the
continuous improvement approach over the contract lifecycle using data provided by the

case organization.

4.4.2 Approach design

This subsection presents the design of the continuous improvement approach, previously
presented within the proposed framework (Figure 4-1), by detailing its conceptual design
and implementation steps. Figure 4-2 illustrates the continuous improvement
implementation during the collaborative roundtable negotiations at the final stages of
supplier selection, which includes an execution approach for the pre-phase assessment of
the identified process improvements over the contract lifecycle to improve the current
contracting process. The proposed approach enables setting and testing a schedule-driven
implementation plan for executing the agreed process improvements over the contract
lifecycle at the pre-signing stage of the contract. This plan will detail an implementation
timeframe bearing in mind execution restrictions documenting implementation cost,
projected savings, ROI, and customer satisfaction. The approach also enables re-setting

and re-testing of the plan during the contract lifecycle, i.e. on a yearly basis.

As shown in Figure 4-2, implementation of the continuous improvement approach
includes eight phases: BPMN model development, simulation model development,
initiatives identification, initiatives evaluation, feasible initiatives prioritization,

implementation plan setting, implementation plan testing, and contract finalization.
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Figure 4-2: Continuous improvement approach.
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During a collaborative roundtable negotiations at the final stages of contracting, the buyer
(i.e. manufacturer, PSS provider) and the supplier (i.e. service provider) describe the
service supply process using BPMN standard which allows for developing a detailed
description model of service activities in a business process map; in addition, break down
and analyse the service provision business processes. At this final stages, it is assumed
that both parties have an initial agreement on the service price with a defined contract

duration.

BPMN standard has a library that contains graphical elements that can be dragged and
dropped to represent the business process in a flow diagram*. The graphical elements are:
Activities, Events, Gateways, Data, Artifacts, Swimlanes, and Connectors. Using the
developed BPMN model, a DES model is to be developed to translate the service business

process allowing for running different scenarios using Company X data.

The business process map enables both buyer and supplier to better analyse and identify
all the improvement opportunities. Both parties work collaboratively to suggest
improvement initiatives for those opportunities and identify their requirements in terms
of implementation time and implementation cost. Using the business process simulation
(i.e. DES model), they can modify the business process model to accommodate each
improvement initiative and simulate it to identify the impact of each initiative separately.
A set of performance indicators are used to identify the impact of each initiative on the
business process. Based on the identified impact, infeasible initiatives with little, no, or

unacceptable improvement are excluded.

Given the final set of process improvement initiatives, the buyer and the supplier
prioritize the initiatives according to the whole service supply chain performance goals
which are defined in terms of multiple criteria. Multi Criteria Decision Making (MCDM)
is to be used to prioritize the final set of process improvement initiatives. Both parties
schedule initiatives execution based on priorities and set out an implementation plan over
the contract lifecycle with an aim to have implemented all initiatives by the end of the
contract lifecycle. Given implementation constraints, they check the plan’s feasibility,

change the plan, relax constraints, modify the initial contract duration, or adjust priorities

* BPMN 2.0 standard is available online at: http://www.omg.org/spec/BPMN/2.0/.
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if needed; with the main aim of ensuring implementation of the agreed process
improvements over the contract lifecycle. Examples of implementation constraints
include but are not limited to, number of implemented initiatives per year; implementation
time and budget; investment distribution over the contract lifecycle; initiatives
implementation overlap (i.e. implementation of more than one initiative at the same time);

and ROL.

The buyer and the supplier use the business process simulation (i.e. DES model) again,
to simulate the implementation plan execution and evaluate it by determining the annual
incremental cost reductions over the contract lifecycle (i.e. initiative impact). Both parties
check the simulation results to make sure that process improvement targets, including
ongoing cost reductions and improved service quality, are achieved and to modify the
implementation plan if needed. The previous steps allow for the identification of the
duration of the contract before signing it. Finally, they set the contractual shared benefits
over the contract lifecycle based on the simulation results and sign the contract. The
framework can be used further during the contract lifecycle for annual evaluation of the
process improvements execution and also for rescheduling improvement initiatives if
needed. A detailed illustrative example of the continuous improvement implementation

using data provided by the case organization is presented in Chapter Six.

4.5 Discussion

Based on reviewing literature, it becomes apparent that there is a need for new
methodologies for long-term performance-based contracting in service-based systems
and product service systems, especially manufacturing-based field repair service
contracting. The framework proposed in this chapter presents an important step towards
developing supplier selection and contracting in after-sales field repair service systems.
This framework presents a collaborative-based methodology through collective
negotiations between both buyer and supplier during the final stage of supplier selection
based on sharing of both information and benefits. It includes a simulation-based
continuous improvement approach that allows for both identifying and evaluating process
improvements pre-signing the contract, which presents an essential technique for the
proposed supplier selection “Application Feedback” stage that enables improving the

current, not the subsequent, contracting process. Hence, this approach allows for
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improving service delivery and reducing service cost over the contract lifecycle as well

as building strategic partnership between both parties.

To execute the continuous improvement approach, it is required to model and simulate
the field repair service business process. The combined use of BPMN and BPSim using
Bizagi was proposed. Since it integrates both BPMN and BPSim, Bizagi would be easier
and more preferable over traditional simulation packages, only if it is capable of providing
the features required to run the model as intended. This is because both BPMN and BPSim
are easy to use, readable, and understandable for everyone, and do not require modelling
and simulation experience that is required for traditional simulation packages. This is very
useful for practitioners who are looking at business process modelling and analysis with
simpler and quicker modelling steps. However, further examination is required to
determine the feasibility and applicability of the combined use of BPMN and BPSim

using Bizagi for the system under review using case study data.

4.6 Conclusions

In many instances after-sales field repair services are delivered through outsourced third
party providers; thus, requiring the execution of a suitable supplier selection process. The
literature shows that a significant body of work is presented on strategic supplier
selection; however, very little has been presented on service-based support systems.
Based on a review of the literature, this chapter suggests that although it is well recognised
that long-term partnerships are of benefit (Ho ef al. 2010), and even more crucial for
service-based outsourcing, few buyer-supplier scenarios are built on a long-term platform
and even fewer tend towards combined collaborative evolvement and process

improvement over the contract lifecycle.

The decision support framework presented in this chapter is an extension to the traditional
supplier selection process and allows collective negotiations to: 1) specification of an
agreed service offering, including pricing points and contractual time horizon; 2)
identification, evaluation, and agreement on process improvement initiatives to be
conducted over the contract lifecycle; and 3) agreement on the sharing of cost savings
and/or profit increases across organisations achieved from actions taken in step 2 over the

contract lifecycle. At the centre of this framework is a DES-based continuous
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improvement approach that allows for the pre-phase assessment of the identified process
improvements in the current contracting process and the identification of a schedule-
driven implementation plan for the agreed process improvements over the contract
lifecycle with the overall goal of ongoing cost reductions and improved service quality.
This approach is based on the combined use of BPMN and BPSim which allows for
capturing the complexities of the after-sales field repair service supply chain in a DES
model and for evaluating it stochastically to support the implementation of continuous

improvement.

The simulation will be used to evaluate the suggested initiatives for the identified process
improvement opportunities. In addition, a prioritization method is required to rank the
agreed process improvement initiatives based on their importance with relation to the
service supply chain performance. Accordingly, a schedule-driven execution-based
implementation plan can be developed for process improvements over the duration of the
contract. Moreover, the simulation model will be used again to test the implementation
plan execution over the contract lifecycle. A detailed illustrative example for continuous
improvement implementation over the contract lifecycle during selecting and contracting

a service provider is presented in Chapter Six.
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S Evaluating Product Service Systems in Emerging

Markets

5.1 Introduction

The world's emerging markets have become the focus of sustained research in the past
two decades as they comprise the majority of the world's people and land, and are growing
faster than the developed or established world (Kearney 2012). Emerging markets and
developing economies have become increasingly important in the global economy in
recent years as final destinations for consumer goods and services, now accounting for
more than 75% of global growth in output and consumption, almost double the share of

just two decades ago (IMF 2017).

Due to increasing competition driven by globalization and advanced technologies,
manufacturers from established markets continue to internationalize by operating in
diverse environments and conditions such as emerging markets and developing
economies to grow effective international supply networks (Lorentz et al 2013).
Significant market potential and major cost savings for emerging market sourcing and
production can be realized (Weiler et al. 2011), encouraging manufacturing
internationalization in these areas. This is evident as manufacturers from established
markets are increasingly replacing more local suppliers with suppliers in emerging

markets (Najafi et al. 2013).

The internationalization process itself and the general move towards emerging markets
and developing economies is not a new tradition for organizations based in established
markets. For example, (Johanson and Vahlne 1977) designed the Uppsala
internationalization process model for manufacturing firms to describe the required stages
for internationalization and revisited it 32 years later (Johanson and Vahlne 2009) in light
of changes in business practices and theoretical advances highlighting the importance of
networks in the internationalization of firms. Based on this premise, further studies have
been published such as (Najafi et al. 2013) who highlight the network positioning
approach where manufacturers from established markets consider using their developed

network of suppliers in emerging markets to gain access to knowledge concerning the
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kinds of adjustments which might be needed to sell their products in these markets.
Limited evidence has been found in literature of studies presenting internationalization of

product-based service systems, a domain which is growing in importance globally.

PSS, which is the inclusion of services with products through alternative product uses,
has seen a significant increase in interest from academia and business recently (Beuren et
al. 2013). Although PSS has been well studied in recent times, there is a lack of research
addressing the internationalization of PSSs, with the exception of one music industry
study published by (Parry et al. 2016). However, in contrast to traditional PSSs (e.g. a
physical product with bundled services) this PSS focuses on digital music products
accompanied with enhancing digital services. While the content of their work helps guide
this chapter, its core domain falls outside its current scope, which focuses on PSSs
involving a physical product and its associated field repair service provision. Researchers
have tended to investigate PSS in established markets which appears insufficient given
faster growing rates of emerging markets and developing economies (Sousa-Zomer and

Miguel 2016).

The motivation for this study emanated from initial meetings with EMEA services supply
chain directors of the case organization. Their goal was to tackle the emerging markets
located within the EMEA region, especially in the Middle East, with higher growth
potential than established markets. Company X is operating in the Middle East since the
1990s and had already begun the PSS internationalization journey into the Middle Eastern
emerging markets. However, the directors highlighted Company X need and intention to
improve outsourced field repair services contracting associated with PSSs. They also
consider expanding upon their existing PSS operations in those markets. To test the
framework presented in the previous chapter, a certain set of data is required. Based on
several attempts to collect emerging markets data, it was found that reliable data is
available only for product sales and after-sales replaced parts while the available data for
service calls details is unreliable. Each service provider has its own system for recording
such details; hence, there is no single source for structured and reliable data for the case
organization as in case of established markets. Although customer information and call
date can be obtained, the required data cannot be obtained including daily number of calls,
technician level required/sent to the customer, number of exception/deferred calls,
number of escalated calls, product type and failure type of each call, actual time of each
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activity and cost of each resource. Therefore, a collective decision was made to examine
field repair services associated with PSSs in one of the Middle Eastern emerging markets
to identify the differences compared to established markets. In case no significant
difference has been found, the proposed framework can be developed and tested using
data from established markets; as will be presented in the next chapters; which can be
used in the Middle Eastern emerging markets. Here the focus is on one such emerging
market, Egypt, to examine the field repair service provision. Egypt was identified as one
of the most targeted markets in the region by the case organization and it also where the

author has background knowledge.

This chapter assesses the structural setup and provision of PSSs in the Middle Eastern
emerging markets using Egypt as a representative country and provides deeper insights
for those looking to expand PSS offerings into these evolving markets in terms of field
repair services. An exploratory multi case evaluation of a number of existing
multinational manufacturing-based organizations and their field repair service models is
presented. The aim of this multi case study is 1) to obtain an in-depth knowledge of field
repair service practices and their associated service models across various industries in
the Egyptian market, 2) to identify the reasons behind these practices, and 3) to find out
the unique characteristics of field repair service provision in the Middle Eastern emerging
markets with respect to established markets. Thus, this work provides an analysis of field
repair service provision for different cases, presents a cross-case analysis for the
similarities and differences, and identifies the current difficulties and potential
improvements based on cultural and economic differences between established and

emerging markets. The unit of analysis is the studied cases.

The remainder of the chapter is organized as follows. Section 5.2 reviews the literature
focusing on internationalization in relation to emerging markets and the provision of PSSs
within the after-sales field repair service domain, particularly in emerging markets.
Section 5.3 presents the research design, research sample, and data collection. Section 5.4
presents and analyses the multi case findings. Section 5.5 discusses the findings. Section

5.6 presents research conclusions.
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5.2 Literature Review

(Schweizer et al. 2010) defined internationalization as a firm crossing borders. The early
Uppsala internationalization process model (Johanson and Vahlne 1977) showed that
manufacturers operating in established markets internationalize through expanding in
new markets such as emerging markets and developing economies. Multinational
organizations are constantly changing their location and ownership strategies to better fit
the changing characteristics of environments and markets (Lorentz and Ghauri 2010).
Developing new markets is the main driver for emerging markets entry which is a

strategic decision with potential sourcing, knowledge, and sales (Najafi ez al. 2013).

The Uppsala internationalization process model was revisited and developed further in
light of clear evidence of the importance of networks in the internationalization process
(Johanson and Vahlne 2009). To operate in emerging markets, multinational firms must
rely on distributors and other intermediaries to service local markets (Han et al. 2013),
emphasizing the significance of supply network development. In an analysis of the
internationalization of a number of food supply chains into emerging markets, (Lorentz
et al. 2013) identified the need to adjust the supply network configuration, practices, and
policies in terms of network strategy and position; changes to firm boundaries; changes

to product mobility; and changes to geographical configuration.

As multinational firms increasingly penetrate emerging markets, they are faced with
various challenges and opportunities in managing their global operations (Han et al.
2013). Lower quality, poorly developed infrastructure, less availability of resources, local
regulations (Lorentz et al. 2013), dramatic but unpredicted economic growth, little
transparency in social and political systems, and shortages of market intermediaries (Han
et al. 2013) are among the main emerging markets characteristics negatively affecting
supply chain management. These characteristics expectedly require firms from
established markets to redesign, adapt, or adjust their supply network configuration where
business environments have a significant impact on supply network design (Lorentz et al.

2013).

Although the internationalization process was primarily designed and implemented in the

manufacturing domain, applications in other areas have been presented recently in the
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literature, including services (Menzies and Orr 2013; Castafio et al. 2016; Gronroos
2016); retail (Hultman et al. 2012); and Digital Music PSS (Parry et al. 2016). Types of
PSSs include product-oriented, user-oriented, and result-oriented (Baines et al. 2007),

which were defined in Chapter Two.

Through analysing four case studies of manufacturers in an emerging market; i.e. Taiwan;
(Yang et al. 2013) emphasized the role of after-sales services associated with PSSs in
facing competition in a rapidly changing economy. In addition, through reviewing case
studies in PSS literature, (Sousa-Zomer and Miguel 2016) found very few studies in
emerging markets and developing economies with more focus on PSS solutions; e.g.
coffee association and bike sharing systems. Through analysis of two PSS solutions for
bike sharing and water purification in Brazil, i.e. an emerging market, (Sousa-Zomer and
Miguel 2016) identified factors that influence PSSs including government policies,
business opportunities, cultural aspects, and market consumption practices. However, the
authors described their study as an initial investigation and recommended more case
analysis. Moreover, through six in-depth case studies conducted at leading manufacturers
that offer PSSs with the aim of identifying PSS types used, (Szwejczewski et al. 2015)
found that result-oriented PSS is not as universally applicable as previously thought and

is not appropriate for every market situation.

For manufacturers operating in established markets and exploring opportunities in
emerging markets, case-based research; represented in multi case study; is commonly
used such as by (Lorentz and Ghauri 2010; Lorentz ef al. 2013; Yang et al. 2013) and
also recommended by (Han et al. 2013; Najafi ef al. 2013). Following a review of the
field repair service literature, it was found that case research, as a research method, is
highly utilized and widely accepted. In addition, single and multiple case studies were
utilized to support the use of other research methods in field repair service literature
including modelling, survey, and action research. Table 5-1 presents the case studies in
the after-sales field repair service literature whether used as a primary or secondary
methodology. The papers are sorted by their publication date (1980 - 2017). The table
presents the studied industry, number of cases in the study, and the study origin where

known.
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Through analysis of the case studies discussed in the after-sales field repair service
literature, presented in Table 5-1, it can be seen that single case studies are dominant.
Also, it can be observed that very few papers have focused on emerging markets and
developing economies. A similar finding was presented by (Sousa-Zomer and Miguel
2016) where they were looking at PSSs cases. Based on the two analyses, it is clear that

emerging markets have gained very little attention in both field repair service and PSS

literatures.

Table 5-1: Case studies in the after-sales field repair service literature.

University of Limerick

Literature Reference Industry Cases | Origin
(Thomas 1980) Computer 1| N/A
(Blumberg 1982) Multi Industry 20 | N/A
(Dzubow 1984) Computer 1| N/A
(Cohen et al. 1990) Computer 1 | USA
(Blumberg 1991) Drink Dispenser Machines 1| UK
(Armistead and Clark 1991) Multiple 5| NA
(Hull and Cox 1994) Computer & Electronics 6 | USA
(Papadopoulos 1996) Computer & Electronics 1 | Greece
(Behara and Lemmink 1997) Office Equipment 1 | Europe
(Bell et al. 1998) Document Processing 1| NA
(Watson et al. 1998) Document Processing 1 | USA
(Wilson et al. 1999) Capital Goods 1 | Sweden
(Agnihothri ef al. 2002) Electronic Equipment 1 | USA
(Zackariasson and Wilson 2004) Capital Goods 1 | Sweden
(Lehtonen and Ala-Risku 2005) Capital Goods 1 | Finland
(Amini et al. 2005) Medical Devices 1 | USA
(Anim-Ansah et al. 2006) Telecommunications 1| UK
(Cohen et al. 2006b) Networking Equipment 1| N/A
(Karandikar and Vollmar 2006) N/A 2 | N/A
(Viehland and Yang 2007) N/A 1| N/A
(Voudouris et al. 2007) Telecommunications 1| UK
(Saccani et al. 2007) Consumer Goods 7| N/A
(Liao and Lee 2008) N/A 1| N/A
(Rapaccini et al. 2008) Office Imaging 1| N/A
(Lee et al. 2008) Telecommunications 1| UK
(Aleksy et al. 2009) N/A 1| N/A
(Aleksy and Stieger 2009) N/A ! [szrg‘any &
(Stieger and Aleksy 2009b) N/A 1| N/A
(Stieger and Aleksy 2009a) N/A 1| N/A
(Legnani et al. 2009) N/A 3| NA
(Bijvank et al. 2010) Office Automation Equipment 1 | Europe
(Hertz et al. 2011) Machinery 5|1 NA
(Lehtonen et al. 2012) Capital Goods 1 | Finland

104




Aly Owida University of Limerick

Literature Reference Industry Cases | Origin
(Finke et al. 2012) N/A 51 N/A
(Hertz et al. 2012) N/A 51 NA
(Tesfay et al. 2013) N/A 1| NA
(Hertz and Sproedt 2013) N/A 5| NA
(Byrne et al. 2013) Computer 1| N/A
(Tatila et al. 2014) Mechanical Equipment 1| N/A
(Rapaccini et al. 2014) Printers 1| Italy
(Daeuble et al. 2015) Machinery & Plant Engineering 1| NA
(Cheong et al. 2015) Automatic Teller Machines 1 | Singapore
(Murali and Pugazhendhi 2015) Home Appliances 1 | India
(Zhou et al. 2016) Agriculture Machinery 1| N/A
(Macchi et al. 2016) Machinery 1| NA
(Wickramasinghe and Mathusinghe 2016) | Home Appliances 1 | Sri Lanka
(Rahimi-Ghahroodi et al. 2017) N/A 1| N/A
(Saccani et al. 2017) Office Equipment 1 | Europe

In the field repair service literature, emerging markets and developing economies were
presented in two papers, UAE and India, and one paper; Sri Lanka, respectively. Those
studies are illustrated as follows. (Aleksy and Stieger 2009) developed a case study to
evaluate the general applicability of utilizing mobile applications in industrial field
service through the feedback of 20 service engineers from Germany and United Arab
Emirates. (Murali and Pugazhendhi 2015) investigated the importance and performance
of after-sales services attributes using a home appliances manufacturer located in India.
(Wickramasinghe and Mathusinghe 2016) investigated different dimensions of after-sales

service provision of home appliances firm in Sri Lanka.

Despite studying the case of a major internationalized medical diagnostics manufacturer
who has thousands of customers all over the world, (Amini et al. 2005) opted only to
focus on the US market, which is an established market. Of interest to this research, is the
findings of (Wilson ef al. 1999) which identified the Far East market, which includes
emerging markets and developing economies, as more difficult for after-sales field repair
service provision and different compared to established markets such as Europe and North
America in terms of culture and communication patterns which rely on well-trained local

personnel and an extensive use of independent service contractors.

Based on this literature analysis, some general conclusions can be drawn. Manufacturers

appear to be continuing to shift their offerings towards product-based services in the face

105



Aly Owida University of Limerick

of increasing competition. This move has led to increasing attention being paid to PSS
from practitioners and researchers alike. Manufacturers also tend to create new and
innovative forms of field repair service provision associated with PSSs due to the domain
importance and based on both technological advancement and continuous improvement
initiatives. However, little is known on how manufacturers package after-sales service for
their customers (Szwejczewski et al. 2015). In addition, they tend to search for more
business opportunities, particularly through internationalization. Given both their
increasing importance and high growth potential, emerging markets are regarded as the
most sought after opportunities for manufacturers. However, the transition to PSSs in
different contexts, emerging markets and developing economies, remains a research gap
and there is a lack of knowledge concerning the characteristics of PSS transition (Sousa-
Zomer and Miguel 2016). Hence, there is a need for assessment and analysis of field
repair services associated with PSSs in the emerging markets, particularly in the Middle

East.

5.3 Research Methodology

5.3.1 Research design

This study aims to assess the feasibility and applicability of the proposed framework,
presented in the previous chapter, in the emerging markets. In order to achieve this aim,
a secondary case research was used to evaluate field repair services associated with PSSs

in Egypt, as an emerging market.

Case research was selected as the most appropriate research method to conduct this study
due to the following reasons. It is a field-based method that allows for data collection
which is the first step to achieve the aim of this chapter. In order to evaluate practices of
different manufacturers across various industries and to conduct a cross-case analysis,
multi case study was used. The selected type of the case research is exploratory given the
exploratory nature of this chapter to assess the feasibility and applicability of the proposed

framework, which is presented in the previous chapter, in the emerging markets.

Hence, an exploratory multi case study (secondary case research) was conducted to gain
detailed understanding of after-sales field repair service provision and their associated

models operated by multinational manufacturing organizations in the Egyptian market as
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an example of the Middle Eastern emerging markets. It is worth noting that this study
identified market types: developing, emerging, or established according to the Financial
Times Stock Exchange (FTSE 2017) and Morgan Stanley Capital International emerging
markets index (MSCI 2017).

The case organization is operating in Egypt since 2000 and had already begun the PSS
internationalization journey into the Egyptian market. However, driven by the markets’
growth potential, the directors’ intention is to improve outsourced field repair services
contracting associated with PSSs. Egyptian market suits the identified research gap as one
of the important and well-recognized emerging markets in the Middle East. Egypt’s recent
reforms are expected to deliver sizable growth dividends, lifting growth from 3.5% in
2017 to 4.5% in 2018, expected to reach 6% growth in 2022 according to the IMF World
Economic Outlook (IMF 2017). According to the CIA World Factbook (CIA 2017),
Egypt’s population is 94.66 million (# 16 in the world - July 2016 est.) where 43.1% are
urbanized (2015 est.) with an annual urbanization growth rate of 1.68% (2010-2015 est.)
and 73.8% literacy rate (2015 est.). The services sector constitutes more than half of
Egypt’s GDP (Gross Domestic Product) with 52.9%, with industry contributing 35.8%
and agriculture 11.3% (2016 est.). With a significant population base and growing market
potential, mobile subscriptions and internet users in Egypt are 97.79 million and 36.37
million respectively (Dec 2016 est.) according to the Egyptian Ministry of

Communications and Information Technology recent publication (MCIT 2017).

In the multi case study presented here, it is required to collect data from different cases
about their field repair service models. Structured interviewing was used as the main data
collection method in which interview schedule was used as the research tool for collecting
the required data. An interview schedule is a research tool where a written list of questions
is prepared for use by an interviewer in a person-to-person interaction which may be face
to face, by telephone or by other electronic media (Kumar 2011). As specified in the
developed interview schedule, the researcher asked a predetermined set of questions,
using the same wording and order of questions. This allowed for minimizing the bias of
the interviewer. Moreover, structured interviews were conducted with two employees
within the same company to consider the researcher bias so as not to affect the interview

outcomes. To ensure good quality of data, the interviewees were chosen carefully with
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direct exposure to the service operations. For consistency and to ensure the quality of
interaction between the interviewer and the interviewee, the interviews were conducted
by a single interviewer, the researcher, and were all conducted as face to face. Questions
have been created carefully to assess the description of the field repair service provision
while ensuring anonymity of the cases and performed in a constant time frame to ensure
the consistency and accuracy of the data. Additionally, other data collection methods have
been adopted to support the main data source, i.e. structured interviews, and to further
improve the quality of data and minimize the bias. Other sources include informal
conversations and interactions during companies’ visits, observations, and review of
archival sources and documents. Using several informants and different data sources
during data collection allowed for triangulation to check the internal consistency of data

and the validity can be increased further (Voss et al. 2002).

5.3.2 Research sample

A preliminary list of 20 targeted manufacturers had been created where cases were chosen
based on their conformance to the study scope. The chosen cases must be multinational
manufacturers who offer PSS through selling products and provide associated after-sales
field repair services. Also they must have already begun the internationalization process
into emerging markets with current operations in Egypt. Five of the contacted cases have
a regional office in Egypt that manages their operations in other emerging markets across
the Middle East using similar structure for field repair services. This allows the study to
present a general overview of field repair service provision in the region. Contact was
made with all targeted manufacturers, asking for approval to collect the required data. A
time frame of six months was set at the beginning of the study (March 2016) to conduct
the interviews and collect the required data. Five cases who did not commit to the
specified time frame or were not able to provide all the required information were ruled
out of the study. In addition, due to confidentiality reasons three further cases asked to be

excluded. Thus; through eliminations, the study sample size was reduced to twelve cases.

These twelve cases comprise different industries with several degrees of product
complexity. They also vary in terms of firm size, customer type, after-sales strategy, and
service offerings, which ensures differences in the study results. The relationships and

interactions between those manufacturers and their customers are all B2B with some
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cases have both B2B and B2C. Table 5-2 presents the twelve cases background including
the customer types, industry, field of operations description, global number of employees,
and home country (Origin). The interviewed personnel have different roles with all
engaged in field repair service. Examples of interviewed personnel include after-sales

directors, product support managers, service operations managers, field service

supervisors, and field service engineers.

Table 5-2: Interviewed cases background.

# B2B or B2C | Industry and Field of Operation # of Employees | Origin
computer technology company in the

1 Both computer hardware, computer software & IT | 100,000-150,000 | USA
consulting industries
computer technology company in the More than

2 Both computer hardware, computer software & IT USA

. . 150,000

consulting industries

3 B2B information management company in the 50,000-100,000 | USA
computer storage industry

4 Both air conditioning company in the heating, Less than 50,000 | USA
ventilating, and air conditioning industry

5 B2B machlne.ry company in the heavy equipment 50,000-100,000 | USA
and engines industry
corporate telecommunications services More than

6 B2B company in the telecommunications France
. 150,000
industry
technology company for plant, equipment,

7 B2B and related services for processing foods in | Less than 50,000 | Switzerland
the process engineering industry

8 B2B slurry equipment solutions company in the | | 01 50 000 | UK
mining and mineral processing industries

9 Both elevatprs and escalators company in the 100,000-150,000 | Japan
electrical and electronics systems industry

10 B2B document technolqu products company in 100,000-150,000 | USA
the document services industry
compressors, generators, vacuum solutions,

1 B2B construction tools, pneumatic & elegtrlc Less than 50,000 | Sweden
power tools company in the industrial
equipment industry

12 Both yvater filters company in the water treatment N/A USA
industry

5.3.3 Data collection

The interview structure has been developed in order to typically answer the following

twelve questions in 60 minutes:

1) Do you provide after-sales repair services to your customers?

2) The provided repair services are field-based or facility-based?
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3) How do you get paid for the provided field repair services?

4) What are your field repair service offerings?

5) What is the structure of your field repair service supply network?

6) Do you insource or outsource your field repair services or you do both?

7) Do you stock your parts internally or externally?

8) Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

9) How do you measure your field repair services performance?

10) How do customers evaluate your service delivery?

11) What are the biggest difficulties you face during service provision?

12) What are your suggestions for improving your service delivery?

During the interviews, the researcher was keen not to present any information regarding
the collected data from previous interviews or from the reviewed literature to ensure
unbiased results. The interview questions considered the data collection objectives in
which they are focusing on identifying and describing field repair service offerings,
supply network structures, service delivery, and performance measurement. The first two
questions are aiming to ensure that the interviewed case provides field repair service. The
third and fourth questions are identifying the field repair service offerings. The fifth
question is focusing on the field repair service supply network structure to identify the
involved participants. The sixth and seventh questions are identifying the manufacturer
strategy regarding supply network setting. The eighth question is where the field repair
service delivery process is to be described and explained in details showing all activities
performed during service provision. The ninth and tenth questions are identifying the
performance measures used by the manufacturer and considered by the customer. The last
two questions are opinion-based questions to get broader view on the field repair service.
Questions are designed to meet the research objectives while presenting the potential
differences in field repair services associated with PSSs provided by several
organizations. Answers collected from the twelve cases during the interviews are

presented in Appendix 3.
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5.4 Findings and Analysis

From a review of the data collected from the twelve companies, for each case, the PSS
and its associated field repair service provision have been identified. Cross-case
comparisons were then made to determine where similarities and differences existed.
Following the initial review, a number of general themes under which the data could be
analysed began to emerge. Those themes are used as organizing headings for data analysis
in this section. The themes are service offerings, supply network, service delivery, and
performance measurement. Based on analysis of literature, those themes were identified
as the most important across PSS providers, particularly for field repair service, as
presented in Chapter Two. The following subsections will describe each of these four
themes in more detail along with presenting an analysis of the findings, i.e. outcomes of
the interviews and cross-case comparisons. Table 5-3 presents the main findings under
the identified themes for all the interviewed cases. In addition, the last subsection presents
current difficulties and suggested improvements illustrating issues within field repair
service provision and potential opportunities for improvement. Partial comparisons are
presented all over the findings section between PSSs in established and emerging markets.
Full comparison between the two market types are not possible given the unavailability

of data across multiple organizations in established markets.

5.4.1 Service offerings

As shown in Table 5-3, it can be seen that field repair service within the twelve cases is
provided through five different service modes: basic warranty, extended warranty, repair-
based, leasing, and performance-based. Basic warranty, extended warranty, and repair-
based modes are common among the twelve cases. The exception in not offering the
previous three modes is case 6 because its organizational strategy is to offer only product
leasing and accordingly it is also therefore responsible for repairs. Case 11 is another
exception, not offering extended warranty based on the nature of its products (industrial
tools), which are negatively affected by misuse. Thus, Case 11 organizational strategy is
to only offer basic warranty and repair-based modes. Cases 5 and 8 offer product leasing
for their heavy equipment and earth moving machines. Although such products have high
cost, they can be easily transported and do not require complicated installation, so

manufacturers offer leasing products to increase their sales.
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Case 10 offers product leasing for its copiers to benefit from seasonality where particular
customers have larger printing and copying demand than usual. Cases 7 and 9 cannot
offer product leasing because they are selling very large equipment and production lines
that require complicated and costly installation and transportation. Other products cannot
be leased due to different reasons such as high possibility of damaging during
uninstallation and transportation as well as their relatively low cost such as computers,

air conditioners, industrial equipment, and water filters.

For the same reasons of product leasing, manufacturers offer services through
performance-based modes where the manufacturer sells a capability or a result to the
customer who pays for the product performance. Such modes allow the customer to
transfer the risk of failures and down-time to the manufacturer. Other reasons for selling
performance include encouraging customers to buy high cost products while avoiding to
incur their costly breakdowns. Examples of selling product performance include selling
product usage which is based on the same concept of product leasing but cannot be offered
unless usage is quantifiable such as the number of copied papers by a copier or the
quantity of tonnage produced by an equipment. Moreover, quantifiable product
performance can be the number of operating hours of a machinery. Hence, selling product
performance applicability is product specific. It is worth noting that, in selling product
performance, the customer does not pay for the product up-time but only for its actual

usage.

Service offerings also include response time which can vary from minutes to days. Of the
twelve cases, eight offer single response and four offer multiple response times. However,
in case of offering single and unified response time to all customers, the response time is
determined based on the severity of the failure. It can be observed that multiple response
times are offered by cases who have a large installed base of products along with different
customer types (computers and copiers cases) because they receive high volume of
service calls with different response requirements. Multiple response offerings can fulfil
different customer preferences and suit different situations. Hence, response time offering
is designed based on manufacturer strategy, product type, possible failures, criticality of

failures, and customer type.
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Based on an analysis of the twelve cases, it was found that five offer a resident technician
(i.e. a technician stays at the customer site for continued coverage) with response times
typically in minutes. The function of the resident technician is threefold. Firstly, they
monitor products to predict any problems prior to their occurrence. Secondly, they are
able to resolve certain problems. Thirdly, they provide reliable diagnosis which enables
correct identification of the required parts from the first time. The five cases have different
reasons to offer a resident technician. Three heavy equipment manufacturers offer it for
special customers who want to avoid critical and costly failures, elevators and escalators
manufacturer and copier manufacturer offer it for special customers who have a large
installed base of products in a single location, e.g. a large shopping mall with many
operating elevators and escalators and a large school with many operating copiers during
exams period. The copier manufacturer also offers a standby product for certain periods
of time based on customer request. The same cases exactly allow their customers to buy
and stock the most frequently failed parts to be used by the resident technician. Hence,

the problem can be fixed in the least possible time.

Eventually, it can be concluded that all cases consider various options for additional
service offerings to create a competitive advantage over competitors. Examples include a
single computer manufacturer (case 2) offers multi-vendor support to its customers to
generate economies of scale from the service technologies they have developed as well
as satisfying their customers who have different products from different manufacturers.
In addition, a reliable online system for ticket submission is offered by case 6 for failure

reporting.

5.4.2 Supply network

After-sales field repair service supply network structure varies from one to another of the
twelve cases; however, a number of key actors have been identified and presented as
follows. Call handlers which are used to receive customers’ service requests when remote
support is not applicable; e.g. cases 4, 9, 11, and 12; or used in a call centre for dealing
with a significant number of daily calls; e.g. cases 1 and 2. Off-field technicians which
are used when remote support provision is applicable; e.g. all cases except 4, 9, 11, and
12. Dispatchers which are used to assign calls to field technicians in case of a significant

number of daily calls; e.g. cases 1 and 2.. All cases tend to hire off-field technicians to
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reduce the number of field visits and improve field technicians’ productivity but some
products characteristics do not facilitate off-field diagnosis and repair which makes hiring
off-field technicians less effective. Field technicians which are used by all cases and any
case who provides field services to repair products at the customer’s premise. Logisticians
which are used by all cases and any case who provides field services to manage and

distribute parts inventory.

Those actors can be insourced or outsourced where the majority of cases are outsourcing
both field repair service provision (all cases except 2, 6, and 11) and parts inventory (all
cases except 2 and 11). Remarkably, cases 3 and 8 are using both strategies for field repair
service provision; i.e. insourcing and outsourcing within the same market; while case 8 is
using both strategies for parts inventory. It can be concluded that all cases tend to
outsource their operations; however, few cases opt to insource for strategic and
confidentiality reasons. Some companies prefer not to provide the service through
external parties to ensure the delivery of high service level (i.e. service quality), have full
control on the process, keep ongoing relationships with customers, and/or preserve the

service know how and information confidential.

5.4.3 Service delivery

Field repair service can be triggered either by a sensor implanted inside the product (cases
3 and 5) or by a customer call (all cases). Case 3 uses such sensors to report failures
through the web to reduce the negative effect of critical failures while case 5 uses them
to report failures through satellite to provide quick response for products operating in
rural areas. Remote support is performed through either the phone or the web to diagnose
and resolve the product failure if possible. Cases 4, 9, 11, and 12 do not perform phone
remote support because remote diagnosis and repair is not enabled for their products;
which are air conditioners, elevators and escalators, industrial equipment, and water
filters. Phone remote support is enabled for computer, telecommunication, and copier
products given their technological structure (cases 1, 2, 3, 6, and 10). Phone remote
support is also enabled for heavy equipment, earth moving machines, and production lines
given the presence of maintenance engineers at the customer site who can collaborate
with the off-field technician to resolve the product failure (cases 5, 7, and 8). Moreover,

online remote support is enabled only for computer storage and telecommunication
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products given their technological structure and type of their customers which only lies

in the B2B sector (cases 3 and 6).

A stock of critical parts is kept at the customer site to minimize delivery lead time. This
strategy is implemented for special customers who operate heavy equipment products in
rural areas and have either a well-trained maintenance engineer or a resident technician
(cases 5 and 8). Certain parts can be changed without the need of a field technician which
are called customer replaceable units (CRUs) or user replaceable units (URUs). Those
parts are dispatched and delivered to the customer site based on a remote diagnosis
recommendation. They are provided for computer and copier products (cases 1, 2, 3, and

10) for particular parts that can be easily replaced by an untrained customer or user.

5.4.4 Performance measurement

There are various operational, financial, and service quality measures that are used by the
twelve cases to measure field repair service performance. Although response time is
regarded as the most important performance measure in the field repair service literature,
it was found that customer satisfaction is the most commonly used measure in all cases
except 2, 10, and 11. It is also found that response time is commonly used for computers,
telecommunications, and copiers manufacturers (cases 1, 2, 3, 6, and 10) with a large
installed base of products in urban areas. All cases who chase customer feedback use
surveys through different approaches such as phone calls or emails. Moreover, in line
with its reported importance in literature, cost measure is used by half of the cases. Other
measures that are used by the cases include repair time, customer safety, product
availability (i.e. up-time), and re-do time (i.e. time required to repeat an unsuccessful
repair). Re-do time is extremely important for heavy equipment products operating in
rural areas where repeat visits are costly and time consuming, as case 5. Remarkably,

customer safety measure is found to be used only for elevators and escalators (case 9).

On the other hand, customers have their own evaluation for field repair service according
to their preference and the nature of product usage. Accordingly, different customers have
different preferences. In line with its reported importance in literature, response time is
found to be the most commonly used measure by customers to evaluate the delivered
service performance (customers of all cases except 7 and 10). Rather than that, no

dominant measure is used by customers of the twelve cases. However, it can be seen that
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down-time measure is used by customers of production line manufacturer (case 7), which
is a very important measure for such a case that can negatively affect the whole production

line operation.

5.4.5 Current difficulties and suggested improvements

From an initial analysis of the raw data provided by the twelve cases in relation to
difficulties and improvements, which are the last two open questions, a number of topics
began to emerge. Hence, based on looking at the commonalities between them, particular
general topics have been identified under which the data of the twelve cases could be
classified. Two tables were developed to illustrate the classifications including the general
topics and their associated data collected from the twelve cases. Table 5-4 summarizes

the current difficulties provided by the twelve cases during interviews.

Current difficulties have been classified into product specific, operation specific, country
specific, and culture specific. Product specific difficulties are concerned with product
function and characteristics while operation specific difficulties are concerned with the
service delivery process. Both types of difficulties can exist regardless of the market type,
emerging or established. Hence, the focus will be on country specific and culture specific

difficulties that are more likely to exist in emerging markets.

Table 5-4: Current difficulties for the twelve cases.

=  Demand seasonality
Product . .
=  Urgent service calls in rural areas
= Lack of parts and tools
Operation = Complex products . ‘ . ‘
= Complex environment including multiple products from multiple vendors
= Trade-off between service quality and service cost
=  Low personal safety index
= Higher costs for safety and security
Country |®= Foreign currency exchange procedures
=  Customs restrictive procedures
2 =  Unqualified technicians
£
3 =  Low customer awareness
g = Ungqualified operators
_ =  Unfollowing service instructions and recommendations
< | Culture Und formi 1 int
5 nderperforming regular maintenance
E = Uncooperative customers
&) = Delayed payments
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For instance, a manufacturer with a regional office located in Egypt and managing field
repair services in other markets have to deal with a low personal safety index in certain
countries which requires higher costs to ensure the safety and security of the field
technicians. Foreign currency exchange procedures and customs restrictive procedures in
Egypt have significant influence on parts logistics. Moreover, finding qualified

technicians is not an easy task and can be country specific.

Customer mind-set and lack of awareness towards operating products are one of the most
common difficulties found in the twelve cases which negatively affect repair service in
several ways. Hiring unqualified operators, not following service recommendations, not
changing consumables on time, and underperforming regular maintenance are among the
biggest difficulties and the main reasons for both frequent failures and customer
dissatisfaction. Some customers do not take the responsibility of performing regular
maintenance and depend on unqualified third party service organizations which lack the
required skills and expertise. Although customer cooperation in reporting failures and the
quality of fault description are vital for successful repair, some customers do not fully
cooperate or hide important information such as working conditions which have a
significant influence on the product down-time. Delayed payments are common in repair-

based service modes for uncovered products.

Table 5-5 summarizes the suggested improvements provided by the twelve cases during
interviews. Suggested improvements collected from the twelve cases have been classified
into operation specific and customer specific. Operation specific suggestions include
continuous training and personal development for technicians which can provide a
solution for the unqualified technicians in the Egyptian market and other emerging
markets. This can also lead to better service efficiency and keep service personnel up to
date with the new products, new services, and new failures. Five cases see room for

improvement through providing better training for their service teams continuously.

Customer specific suggestions include encouraging and assisting customers to perform
regular, predictive, proactive or condition-based maintenance for critical equipment to
reduce failures frequency, which is suggested by six cases. It is also recommended to use
cheap second hand equipment as standby for critical equipment to reduce the negative

effect of down-time. Four cases suggest enhancing engagement with customers and
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providing their operators with continuous training to keep strong linkage and to improve
their awareness towards operating products. This can lead to less failures, increased
products life time, and reduced costs for both parties. The customer should be aware that
regular maintenance are not extra costs but essential expenses that will bring long-term
cost savings. To overcome foreign currency exchange procedures and customs restrictive
procedures in Egypt, it is recommended to hire local third parties with experience in
dealing with such matters. It is not recommended to provide repair-based service for
uncovered products in emerging markets to avoid delayed payments. Encouraging
customers to assign a certain employee to be responsible for each product can reduce
failures and help in failures reporting. Finally, securing long-term service agreements

with customers can lead to better service planning and improved service delivery.

Table 5-5: Suggested improvements by the twelve cases.

=  Providing continuous training
=  Providing personal development
Operation | = Full service outsourcing in certain markets
" = Improving diagnosis and repair activities
‘5 =  Performing continuous analysis for failures
8
z =  Encouraging regular maintenance
z =  Using second hand equipment as a standby
E = Enhancing linkage with customers
2 | Customer | ® Hiring third parties for currency exchange and customs procedures
z = Not providing service for uncovered products
28 = Assigning certain employee to be responsible for each product
& =  Securing long-term service agreements

5.5 Discussion

From an analysis of the after-sales field repair service literature, the majority that report
the origins of their reviewed cases are in established markets. Only two studies actually
report that they looked at emerging markets. Based on studying and analysing field repair
service provision associated with PSSs of the twelve cases in the Egyptian market as an

example of the Middle Eastern emerging markets, the following can be concluded.

It has been found that there is a high degree of commonality in terms of service offerings
when compared with field repair services associated with PSSs in established markets.
However, different offerings are provided based on each case organizational strategy,
product characteristics, target customer, market competitiveness, and size of installed

base of products. Performance-based offerings, i.e. performance-based service modes, are
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provided by few cases (5, 8, and 10) in line with (Szwejczewski et al. 2015) findings.

Remarkably, it was found that such offerings are applicable in emerging markets.

In emerging markets, no differences have been observed in relation to the actors involved
in service supply networks according to those described in the extant literature, in which
the network is structured according to two main factors. The first one is product specific
where aspects such as product characteristics, operating conditions, failures severity, and
service calls volume decide the supply network structure. Allocating field technicians
within easy reach for highly possible severe failures products and using a call centre and
dispatchers for large installed base of products that have high failure rates are commonly
considered in emerging markets as the case in established markets. The second factor is
strategy specific where manufacturers determine whether to outsource or insource service
provision. Outsourcing decisions depend on the availability of service providers in the
market capable of providing the required services while meeting SLAs which has an
impact on the customer experience. However, local service providers that are willing to
be trained or improved and international service providers are available in most markets
nowadays. Majority of cases outsource their service provision in emerging markets in line

with literature.

The general set of activities that are performed during field repair service delivery in
emerging markets is similar to that of established markets. However, each case perform
certain activities based on its organizational strategy; product characteristics; operating
conditions; user type and region; market competitiveness; and size of installed base of
products, with some minor differences from established markets. For example, cases 5
and 8 eliminate parts delivery time through stocking backup parts at the customer site
while cases 1, 2, 3, and 10 eliminate field technicians’ role through using CRUs, which
allows for better field repair service provision. To the best of the authors’ knowledge,

these examples were not mentioned in the literature; hence, considered as differences.

Various performance measures are found to be used across the twelve cases. Customer
satisfaction, cost, response time, and repair time are the most commonly used within the
twelve cases. Those measures are almost similar to the most frequently used measures in
field repair service literature. However, each case identify the most appropriate measures

according to product characteristics and operating conditions. Moreover, product usage
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and operating conditions influence customer evaluation for the delivered services;

however, response time is the most frequently used measure (all cases except 7 and 10).

The findings of the exploratory research addressing emerging markets (presented in this
chapter) were compared to the findings of the review research addressing established
markets (presented in Chapter Two). Table 5-6 and Table 5-7 present findings comparison

of the after-sales field repair service provision in established and emerging markets.

Table 5-6: Findings comparison of established and emerging markets 1 of 2.

Theme Particulars the.r ature | Multi C.ase
Review Analysis
Basic warranty . .
Extended warranty o .
Repair-based . .
Service Modes epa141r ase
Leasing . .
Servi Performance-based o o
ervice Full takeover of product operations .
Offerings -
Single response o o
. Multiple response . .
Additional - -
. Resident technician . .
Services
Customer can stock parts . .
Standby product .
Customer o o
.. Manufacturer . o
Participants - -
Service provider . o
Suool Logistics provider . .
Nl;[t)vls)'o);‘k Call handlers o o
Off-field technicians . .
Actors Dispatchers . o
Field technicians . .
Logisticians o o
Product-based trigger . .
Customer-based trigger . .
Service Process Phone remote support o .
Delivery Activities Online remote support o o
Backup parts at customer site .
Customer replaceable units .

As shown in Table 5-6, offering a full takeover of the product operations was mentioned
in the literature (established markets) but was not found in the multi case study (emerging
markets). On the contrary, offering a standby product to the customer was found in the
multi case study (emerging markets) but was not mentioned in the literature (established
markets). Similarly, the stock of backup parts at the customer site and the use of CRUs
were observed only in the multi case study (emerging markets). Further differences were

observed in the performance measures used as shown in Table 5-7. It ca be seen that the
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measures observed in the literature are more than those observed in the multi case study.
However, re-do time, parts discounts, customer safety, and customer care were observed

only in the multi case study.

Table 5-7: Findings comparison of established and emerging markets 2 of 2.

. Literature | Multi Case
Theme Particulars . .
Review Analysis
Response time . °
Down-time . .
Queue time .
Travel time .
Answering time o
Tardiness o
Repair time o .
. First time fix rate . .
Operational Percentage of deferred calls . .
Measures -
SLA compliance .
Product availability . .
Technician utilization .
Inventory turnover o
Job fill rate o
Performance Part fill rate R
Measurement -
Re-do time *
Parts discounts .
Cost o o
Financial Revenue o
Measures Cash flow o
Assets o
Customer satisfaction . .
Parts quality & delivery .
Personnel behaviour o
Quality Complaints management .
Measures Mean time between failures o
Flexibility o
Customer safety .
Customer care o

Based on analysis of difficulties facing the twelve cases, product and operation specific
difficulties are of lesser importance than country and culture specific difficulties in
relation to emerging markets. For Egypt, foreign currency exchange procedures, customs
restrictive procedures, and shortage of qualified technicians are among the most common
country specific difficulties facing the twelve cases. Customer mind-set and lack of
awareness are among the biggest cultural issues facing the twelve cases (cases 2, 5, 7, 8,
9, 10, and 12). Although this study presents country and culture specific difficulties
mainly in the Egyptian market, similar difficulties exist in other emerging markets

especially those that lie in the Middle East and share a similar culture with Egypt. In
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established markets, better conditions exist with relation to country specific difficulties
including easier procedures and availability of resources. Although several and various
cultures exist in different established markets, higher levels of customer awareness exist

in established markets than emerging markets.

Based on an analysis of suggested improvements by the twelve cases, continuous training
and development of service personnel are of the most commonly suggested operational
improvements with positive expectations of better training (cases 2, 5, 6, 8, and 12).
Majority of cases suggest encouraging and assisting customers to follow service
procedures and recommendations to reduce failure frequencies. Likewise, enhancing
engagement with customers and providing continuous training to their operators can
reduce both failure frequencies and costs for all involved parties (cases 4, 5, 7, 8, 9, 10,
11, and 12). Some of the customer specific improvements suggested for emerging markets
are applicable in established markets as well. However, emerging markets potential
growth and high economic growth rates, relative to established markets, particularly

Egypt’s recent reforms, are expected to allow for more sales and to deliver more profits.

Although there are some commonalities in field repair service practices found across
different cases, no uniform approach or best practice model for field repair PSS provision
in emerging markets exists. However, each case uses a different approach according to
its own size and organizational strategy, product characteristics, operating conditions,
customer type (B2B, B2C, or both), market type (emerging or established), market
characteristics (competitiveness, culture, and economy), and size of installed base of

products.

5.6 Conclusions

This study presents an exploratory multi case evaluation of a number of existing
multinational manufacturing-based organizations and their field repair service models.
Through conducting a detailed review of twelve emerging market cases, it was possible
to provide an analysis of field repair service provision of different cases; present a cross-
case analysis for the similarities and differences; and identify the current difficulties and
potential improvements based on cultural and economic differences between established

and emerging markets.
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According to multi case analysis, the following conclusions can be drawn. All cases tend
to offer additional and advanced supporting services to their customers to gain
competitive advantages and profits. However, those offerings are influenced by several
factors where some of these factors are related to the type of the market; emerging or
established; and its characteristics. In some instances, less offerings are provided due to
the available infrastructure and the level of technology adoption within the market. It was
found that there is no structural difference in the supply networks used to provide these
offerings in emerging markets compared to established markets. A main attribute of a
PSS in emerging markets is to outsource product-service provision in line with general
outsourcing trends reported in the literature. This also emphasizes the importance of
relying on local providers for less developed markets as suggested by (Wilson et al.
1999). Service delivery process is performed in emerging markets as in established
markets and with the same sequence. Performance measures used by both manufacturers
and customers in emerging markets lie in line with literature and are similar to measures

used in established markets.

Moreover, product specific and operation specific difficulties that have been found in
emerging markets do exist in established markets as well. Other difficulties, country
specific and culture specific, found across the twelve cases are similar to those reported
in emerging markets literature. Continuous training and development of service personnel
are common in both established and emerging markets, but the difficulty to find qualified
resources in emerging markets increases the importance of continuous training. Customer
specific improvements are the most important type of improvement with relation to

emerging markets.

The conclusion of this multi case study articulates that field repair service models
associated with PSSs in the emerging markets follow those of established markets in
terms of service offerings, supply network structure including participants and actors,
outsourcing strategies, service delivery process, performance measures, product and
operational difficulties, and operational improvements. Thus, a decision can be made to
test the proposed framework using data from established markets, as will be presented in
the next chapter, which can be transferable to the Middle Eastern emerging markets.

Although internationalized manufacturers must deal with some unique challenges and
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difficulties in emerging markets, this has no effect on the main structural setup and

provision of field repair services associated with PSSs.
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6 Continuous Improvement Approach

Implementation

6.1 Introduction

Ordinarily, service outsourcing is conducted by a long-term contract, and not by repeat
orders (Feng et al. 2011), as increasing competition forces organizations to work more
closely with supply chain partners (van Iwaarden and van der Valk 2013) to optimize
business processes (Wu and Barnes 2011). Such trends in both manufacturing and service
industries have led to extended service supply chains with service providers contracted
based on their performance (Selviaridis and Norrman 2014; Selviaridis and Wynstra
2015). However, literature rarely investigates how buyers and suppliers relationships are

established to provide PSS offerings (Saccani et al. 2014).

As mentioned in Chapter Four, manufacturers tend to still use traditional supplier
selection strategies to hire field service providers. Based on the suggestion of (Luo ef al.
2009) to add an ‘Application Feedback’ stage at the end of the traditional supplier
selection process which incorporates a continuous improvement element, two of the
authors of (Luo et al. 2009) presented and tested an application feedback and continuous
improvement model for supplier selection (Wu and Barnes 2009) to provide evidence of
the effectiveness and efficiency of this approach. They also proposed a dynamic
application feedback model for partner selection (Wu and Barnes 2012). The three
previously mentioned studies aimed at improving supplier selection based on the
inclusion of continuous improvement to identify the strengths and weaknesses of the
recently completed selection process with a view to improving subsequent supplier

selection applications, i.e. a post-phase assessment.

Based on this premise, Chapter Four proposed an innovative framework that supports
long-term partnerships and incorporates continuous improvement for use in the final stage
of supplier selection for manufacturing-based field repair service contracting. This
approach allows for the pre-phase assessment of the identified process improvements to
improve the current contracting process; in addition, it also allows for the identification

of a schedule-driven implementation plan for the agreed process improvements over the
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contract lifecycle. This approach is based on the combined use of BPMN and BPSim
which allows for developing a DES model to enable rapid quantification of cost savings
and customer satisfaction based on implementing the suggested initiatives for the process
improvement opportunities identified in the field repair service provision. However,
further testing is required to examine the feasibility and applicability of this approach.
Hence, this chapter tests the implementation of the continuous improvement approach

using a real data set that is provided by the case organization.

The remainder of the chapter is organized as follows. Section 6.2 reviews the literature
focusing on buyer-supplier collaborative relationships and continuous improvement
implementation in the manufacturing-based field repair services contracting. Section 6.3
presents the case organization service supply chain describing both BPMN and simulation
models development, verification, and validation. Using a real case example data
provided by the case organization, Section 6.4 presents the continuous improvement
implementation. Section 6.5 presents a sensitivity analysis for the continuous
improvement implementation. Section 6.6 discusses the main research findings. Section

6.7 presents the research conclusions.

6.2 Literature Review

This section first highlights the buyer-supplier collaborative relationships, particularly in
supply chains. Then, overviews the literature of continuous improvement and its

implementation highlighting its role in the after-sales field repair service contracting.
6.2.1 Supply chain collaboration

Collaboration with partners and the delivery of integrated products and services have been
identified and researched as avenues for improving the life of products (Durugbo and
Riedel 2013). There is a growing body of research advocating the movement towards
longer-term contracts and collaborative supply chain partnerships (Prajogo and Olhager
2012; Mayer et al. 2016). These strategic partnerships allow various collaboration
avenues including joint improvement programs, profit sharing (Prajogo and Olhager
2012), performance improvement for both the partners and the whole supply chain
(Mayer et al. 2016). In other words, efficient partnership-based organization presents

mutual benefits to all the partners (Kerbache and van Delft 2014) in which minimizing
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the cost for the supplier benefits both the buyer and the supplier as the cost savings passed
on to the buyer (Wynstra et al. 2015). However, partnership mutual benefits are rarely
observed in practice (Kerbache and van Delft 2014).

The rising quantity of business collaborations increases the relevance of business
contracting between companies, which leads to more complex business contracts (Becker
et al. 2012). In service outsourcing, more collaboration is required than those in
manufacturing industries (Feng et al. 2011) and is accompanied with effective
information sharing which is essential for a profitable and sustainable PSS (Lockett et al.
2011). However, collaboration and information sharing between manufacturers and their
service suppliers are implemented only to a limited extent within the PSS context (Saccani
et al. 2014). To support those collaboration avenues, performance-based contracting
fosters supplier-led innovation and continuous improvement (Selviaridis and Wynstra
2015) leading to improved service delivery (i.e. customer satisfaction) and reduced costs
(Kim et al. 2007) which are recognized as the main performance indicators of after-sales
field repair services (Klimberg and Van Bennekom 1997; Datta and Roy 2010; Kurata
and Nam 2010; Xu et al. 2015; Zhou et al. 2016). Thus, there is a growing interest and
need for advancement in supplier selection and contracting methodologies such as
performance-based contracting for service provision, as literature has focused almost

exclusively on product-based systems.

6.2.2 Continuous improvement

In recent years, continuous business process improvement and product innovation in
industrial production led to persistent reinvention of products and services (Durugbo and
Riedel 2013). Most companies across industrial sectors are implementing purchasing cost
reduction plans through adopting process continuous and incremental improvement
(Kerbache and van Delft 2014). However, little attention is generally paid to the process
of implementing continuous improvement in practice (Rijnders and Boer 2004) with few
studies have proposed the application of tools for continuous improvement in a

collaborative manner within the supply chain (Mayer et al. 2016).

Moreover, continuous improvement implementation in service provision is much more
difficult than in product manufacturing (Audretsch ef al. 2011), especially in services,

such as the repair service, where there is the necessary integration of inventory, tasks, and
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people to deliver a high quality service to customers. Service business processes must be
performed more effectively and efficiently due to the increase in cost pressure on service
units driven by fierce competition (Aleksy et al. 2009) with the goal of finding
improvement opportunities (Delgado ef al. 2014). However, the extent of research
focusing on continuous improvement in services does not reflect its growing importance
(Audretsch et al. 2011). Although there has been a long recognition that continuous
process improvement is useful for field repair service provision (Behara and Lemmink
1997), research addressing continuous improvement and its implementation in after-sales

service literature is scarce.

There is some recent research focusing on continuous improvement in service-based
systems. (Schweitzer and Aurich 2010) provided an approach for a continuous
improvement process considering the specific requirements of PSS. (Delgado et al. 2011)
presented an approach to the continuous business process improvement realized by
services based on business process execution measurement. In an extended version by the
same authors, (Delgado ef al. 2014) validated the proposed approach with a case study of
a hospital in Spain. Both studies focused on the integration of all the different execution
measures in a single proposal to guide the improvement effort. (Kerbache and van Delft
2014) presented incentive schemes in the framework of a collaborative purchasing cost
reduction process with a supplier implementing a continuous improvement plan. The
authors developed a dynamic programing approach for computing the optimal cost
reduction policy. (Mayer et al. 2016) proposed a collaboration methodology in supply
chains with a focus on continuous improvement. However, the last two studies addressed

continuous improvement in product-based systems.

6.3 Case Organization Service Supply Chain

To illustrate and test the proposed framework and to examine its applicability, this section
presents a real case example from the case organization.

6.3.1 Generic after-sales field repair services

As is evidenced in the literature, presented in Chapter Two, and the multi case study,
presented in Chapter Five, as well as supported by the case analysis conducted within the

case organization; after-sales field repair service provision requires a number of common
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service supply chain participants (or partners) as well as a number of key processes.
Before presenting the detailed BPMN model of the real case example under review from
the case organization, this subsection presents a generic, high level, BPMN model for the
after-sales field repair service business process (Figure 6-1). A list of the symbols used
and their description is presented in Appendix 4. This generic model presents the main
service supply chain partners involved in the field repair service process, illustrates the
general interactions between them, and demonstrates the business process flow.
Accordingly, a standardised after-sales field repair service supply chain consists of the

following four partners:

e Customer: refers to the person who has bought a product; leased it; or bought its
functionality, availability, or result with an associated after-sales field repair
service and in this instance has suffered from a product failure.

e Manufacturer: this refers to the manufacturing organization who sells the product
and its associated after-sales field repair service, PSS provider.

e Service Provider: this refers to any supplier who provides service to the customer

on behalf of the manufacturer. This can include a call centre to answer customer
calls (call handlers), a technical support team to diagnose and resolve customer
problems remotely (off-field technicians), a scheduling team to dispatch
technicians to the field (dispatchers), and a field technician team to provide the
field repair service at the customer’s premise (field technicians). However, as
presented in Figure 6-1, service provider is usually used to refer to the supplier
who is responsible for assigning suitable technicians to each customer call;
constructing and optimising each technician schedule; and ensuring a successful
repair for each customer.

o Logistics Provider: this refers to the supplier who manages the storage and

distribution of spare parts through the field repair service supply chain network.

As observed, in many instances the after-sales field repair service is outsourced thus
evoking the need for supplier selection. To execute the service, potential supply chain
partners must typically be able to deliver a team of individuals with the requisite skills
and expertise (usually administrative and technical) to address consumer enquiries,

engage resource teams and spare parts logistically and execute successful repair. To
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complete this, service supply chain networks must be designed, which include geographic
region definition; personnel hub location(s); inventory hub location(s); resource pool
categories — e.g. technician levels and numbers; transportation network selection; routing
logic for technicians; routing logic for spare parts; break fix repair times; and associated

costing models.

=
< Contact
g anufac Ye
o manufacturer for
@ support P ct
= Own Product ropuc
o Warranty Fails Working
Degpe i R Ee—— oo L) C°5
2 5} resolve it remotely service to LP Clos¢ Call
o =t
Q 2
<] 2 Fault Resolved Part(s) Required
~ | 5
2 El
g =
g N
=
m
8 Yes
=
[}
72
= Confi ipt
=] onfirm receip N .
& [ @ ofrequired field N Sthed‘.ll.e field Repair product
é Z service visit
o 5} SP
— = :
C] = Part(s) Required
= | g
N ~
Q o
ﬁ 2 Ye Check part(s)
o E ETA Request another
é’ 2 field visit
<
o
=
o}
=}
3}
©l s Confi i Shi
- ontirm ,re('elpl P pd‘n(s) o Inform SP with
g of requiresd Yes required ETA
Q part(s) location
=]
E LP
08.4 Part(s) Available in Stock
»
.2
Rz} No, Order from
g vendor g
— Part(s) Arrival

Figure 6-1: Generic after-sales field repair service BPMN model.

As shown in Figure 6-1, the process is triggered when a customer (i.e. consumer), who
has already purchased or received an after-sales service (e.g. a warranty) with a physical
product, has a product failure and the customer contacts the manufacturer’s technical
support line to request a field repair service. In many instances as depicted here by swim
lanes, the after-sales field repair service is completed by a third party to the manufacturer,

even the technical support line can be outsourced.
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The technical support team answers the call and in the case of new calls attempts to
resolve the issue remotely. In the event of a call out requirement, the details of the issue
are recorded and passed on to the service provider along with any potential spare part
requirements which are also communicated to the logistics provider. The service provider
manages the technician resource pool for each regional area and develops a routing
schedule based on the field repair requirements on any given day. Therefore, after
receiving the request, the service provider schedules the technician visit to the customer
based on the problem and spare parts requirements. This schedule has to be completed
taking the service level agreement that is in place between the manufacturer and each
individual customer. In the case of premium; i.e. expedited; service requirements, the
technician is routed directly to customers with spare parts separately transported by the
logistics provider. In the case of less urgent; i.e. normal; service, the technician collects
all required spare parts at an allocated inventory hub and carries these directly to the
customers location. In the case of unsuccessful repairs, a subsequent call is scheduled

with spare parts determined by the technician while onsite during the unsuccessful repair.

After receiving a spare part request, the logistics provider checks on the spare part
availability. If the spare part is available, the logistics provider allocates the spare part
and arranges its transportation to the assigned inventory location point for the assigned
technician (for normal services) or to the customer location directly (for expedited
services). If it is a case that the spare part is not available in stock, the logistics provider
places an order with the vendor. In all cases, the logistics provider informs the service
provider of the expected spare part delivery time at the inventory location point (for
normal services) or at the customer location (for expedited services) to reduce

unnecessary technician waiting time.

6.3.2 Case analysis: after-sales field repair services

Based on the multi case analysis findings, presented in Chapter Five, there is no
significant operational difference between the after-sales field repair service in both
established and emerging markets in terms of supply network, service offerings, service
delivery, and performance measurement. Therefore, although the real case example

analysed and presented in this chapter is from an established market, it is considered as a
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sufficient representation of the case organization after-sales field repair service in the

emerging markets.

The after-sales field repair services provided by the case organization are outsourced to a
service provider selected through a supplier selection process. In addition, field repair
services have a significant influence on Company X profits and competitiveness both on
the short and long runs. Therefore, it has become customary for Company X to collaborate
with those service providers and to sign longer-term and performance-based contracts
allowing for strategic partnership development based on collaboration and information

sharing.

The four main service supply chain partners presented in the generic BPMN model
(Figure 6-1) are involved in the case organization after-sales field repair service supply
chain. However, Company X do not outsource all actors. More specifically, Company X
has a call centre (call handlers) and a technical support team (off-field technicians). A
service provider has dispatchers and field technicians. A logistics provider manages
inventory locations and has a logistics system. The logistics provider lies outside the
scope of this study; hence, it was excluded from the following BPMN model. The design
and operation of these service supply chains have an important impact on the service
delivery performance in terms of cost and quality. Company X provides two main service
levels for service provision; Same Business Day (SBD) and Next Business Day (NBD).
Parts inventory and distribution are outsourced to a logistics provider (LP) who is
responsible for parts delivery to inventory locations for NBD calls and to the customer

location for SBD calls.

6.3.3 BPMN model development

The case organization after-sales field repair service provision has been studied carefully
to develop a detailed business process map for Company X and an outsourced service
provider using BPMN standard (Figure 6-2). This map describes the service provision
enabling analysis of the service supply process and identification of process improvement
opportunities. As shown in Figure 6-2, there are four key actors: call handler and off-field

technician of Company X, and dispatcher and field technician of the service provider.
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Figure 6-2: Field repair service provision business process map using BPMN.
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Call handlers are responsible for answering a customer call, diagnosing the problem,
recording customer details, and forwarding call requirements to off-field technicians,
dispatcher, field technician, and logistics provider. Off-field technicians are more
technically experienced than call handlers. They are able to diagnose the problem
remotely and resolve it if possible or record repair recommendations and request a field
visit. The dispatchers are responsible for assigning field visits to technicians and
scheduling the time of each visit whether it is a first visit or a repeat visit. They
communicate with call handlers, logistics provider personnel, and field technicians to
identify parts requirements, determine parts ETA, and identify visits deferral reasons

respectively.

Field technicians are responsible for repairing failed products on a daily basis at different
customer sites according to a specified schedule developed and updated by a dispatcher.
For NBD calls, field technicians collect the required parts from an inventory location on
the morning of the visit. For SBD calls, field technicians receive the required parts at the
customer site on the time of the visit. An exception call is a call where the field technician
failed to arrive at the customer site or arrived but it was a wrong address or inaccessible.
After accessing the site, the field technician validate the physical warranty of the failed
product. A cancelled call is a call where the customer failed to prove that the failed
product is under warranty or refused to pay for the repair service. Field technician starts
by confirming the diagnosis recorded by an off-field technician and contacts Company X
technical support team in case the diagnosis was incorrect. Escalation centre is contacted
in case both the field technician and Company X technical support team (off-field
technician) cannot resolve the problem, in which an action plan is agreed and the field
technician waits at the customer site for the required parts to be delivered to make a final
repair attempt. The failed product is exchanged in case all repair attempts are

unsuccessful.

Within the case organization, it was found that the process presented in Figure 6-2 was
standard across all service providers. However, to ensure better results when simulating
the service provision process during the roundtable negotiations, the specific data of the
service provider involved in that negotiations will be used as input data for the DES

model.
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6.3.4 BPMN model validation

The validation of the business process map aims to ensure that the conceptual and
graphical representation of the actual business process is correct and sufficient. Hence,
the business process map developed using the BPMN standard to model the after-sales
field repair service process of the case organization was validated by conducting a
structured walk-through with two members in the case organization. The two members
are working directly with the service outsourcing process and have direct contact with
supply chain partners including both service providers and logistics providers. In
addition, a service manager with knowledge of the service provider’s business and of how
the service provider actually provided the service has reviewed the business process map.
Each one of the three members has reviewed the business process map separately to
validate it by checking events, tasks, gateways, and arrows, as well as following the
business process flow logic. According to this structured walk-through, amendments were
made to the business process model. Amendments were mainly around sequence and
routings of activities such as arrived call, deferred calls, and escalated calls. Following
this process the model was declared valid by the case organisation for use in their supplier
selection and contracting negotiations. Moreover, verification of the business process

map is presented in Subsection 6.3.6.
6.3.5 Simulation model development

Based on the BPMN model (Figure 6-2), a DES model has been developed using the
Bizagi Modeler* (Figure 6-3). The purpose of the simulation model is to represent the
after-sales field repair service provision business process of the case organization and to
allow for running different scenarios as well as conducting experimentations to support
business process improvement. Bizagi converts the business process map from a
graphical representation of the service process into a DES model (using BPSim standard)
that enables imitation of the actual service process with built-in variability in terms of call
arrivals, activity times, and flow probabilities. In addition, other input data can be set

including simulation setup, quantity and cost of resources, and calendar information.

*Bizagi Modeler can be downloaded for free from https://www.bizagi.com/en/products/bpm-suite/modeler.
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Figure 6-3: Field repair service provision business process simulation model.
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Model inputs

The model is stochastically driven using evaluated distributions based on historical data
that can be substituted by potential future state scenarios allowing for experimentation.
The model inputs include quantity and costs of resources, gateways flow probabilities
processing times distributions, and arrivals distribution. Resources costs (Table 6-1) have
been provided by the case organization and modified slightly to preserve the anonymity
of the actual values. Gateways flow probabilities are based on real historical data where
some of these probabilities have been calculated from actual data provided by the case
organization while others were provided as probabilities. Table 6-2 presents the gateways

used in the simulation model, their output, and their flow probabilities.

Table 6-1: Simulation model resources costs.

Resources Variable Cost (€/hour)
Call Handlers 13
Off-field Technicians 26.53
Dispatchers 26.53
Field Technicians 25.61

Table 6-2: Simulation model gateways flow probabilities.

Gateways Output | Probabilities
Fault resolved = 40%; Diagnosis identified = 20%;

Yes = 94% and No = 6%
Yes =99% and No = 1%
Yes =21% and No = 79%
Yes =91% and No = 9%
Yes =99% and No = 1%

Correct diagnosis

Successful re-diagnosis

Wait for part(s)
Successful repair

Running diagnosis tool 3 | Diagnosis not identified = 40%
Part(s) required 2 | Yes=93% and No=7%
Fault resolved 2 | Yes =40% and No = 60%
Part(s) required 2 | Yes =93% and No=7%
NBD 2 | Yes =80% and No =20%
ETA satisfied 2 | Yes=97% and No=3%
New ETA agreed 2 | Yes =90% and No = 10%
Correct & accessible address 2 | Yes =97% and No =3%
Valid warranty 2 | Yes =95% and No = 5%
Customer agreed to pay 2 | Yes =90% and No = 10%
Company X agreed to pay 2 | Yes =50% and No = 50%
Product type 2 | A=75%and B=25%

2

2

2

2

2

Successful repair after escalation

Table 6-3 presents the processing times inputs. Mainly triangular distributions were

provided by the case organization and used in the simulation model.
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Table 6-3: Simulation model processing times inputs.

University of Limerick

Activity Distribution | Parameters (minutes)

Help customer to run diagnosis tool Triangular Min = 2, Max = 10, and Most likely = 5
Record customer details & check Triangular Min = 2, Max = 4, and Most likely = 3
part(s) requirements

Order required part(s) & arrange . L _ . _
delivery with LP Triangular Min = 3, Max = 7, and Most likely = 4.5
Record repair requirement Triangular Min = 1, Max = 2, and Most likely = 1.5
Dlagnose problem & attempt to resolve Triangular Min = 5, Max = 25, and Most likely = 15
it remotely

Record diagn 0813 and repair Triangular Min = 2, Max = 5, and Most likely = 3
recommendations

Check part(s) requirements Triangular Min = 1, Max = 2, and Most likely = 1.5
Chegk part(s) ETA from logistics Triangular Min = 1, Max = 2, and Most likely = 1.5
provider

Schedule visit to customer Triangular Min = 2, Max = 5, and Most likely = 3
Check call deferral reason Triangular Min = 1, Max = 2, and Most likely = 1.5
Schedule exception repeat visit to Triangular Min = 2, Max = 5, and Most likely = 3
customer

Chec.k part(s) ETA from logistics Triangular Min = 1, Max = 2, and Most likely = 1.5
provider

Schedule escalated repeat visit to Triangular Min = 2, Max = 5, and Most likely = 3
customer

Conﬁnn & pick-up part(s) at inventory Triangular Min = 7.2, Max = 10.8, and Most likely = 9
location

Determine ETA & inform Company X Deterministic | 5

& customer

Travel to customer site Triangular Min = 20, Max = 30, and Most likely =25
Inform Company X & customer with

the new ETA & check whether it is Deterministic | 10

agreed or not

Arrive at the customer site & check

whether the address is correct & Triangular Min = 2, Max = 5, and Most likely = 3
accessible or not

Validate physical warranty Triangular Min = 1, Max = 4, and Most likely = 2
Inform Company X & customer with

the warranty status & check whether Triangular Min = 3, Max =9, and Most likely = 5
customer agreed to pay or not

Check whether Company X agreed to Triangular Min = 3, Max = 10, and Most likely =5
pay or not

Confirm diagnosis for A products Uniform Min = 5.058 and Max = 6.2175

Confirm diagnosis for B products Uniform Min = 10.4 and Max = 12.7315

Repair A products Uniform Min = 20.2319 and Max = 24.8701
Repair B products Uniform Min = 41.6 and Max = 50.9258

Contact C"“?p any X technical support Triangular Min =5, Max = 30, and Most likely = 15
team to re-diagnose

Contact Escalation Centre Triangular Min = 2, Max = 5, and Most likely = 3
Agr.ee. action plan & communicate to Triangular Min = 5, Max = 12, and Most likely = 8
logistics provider

Wait for part(s) arrival Triangular Min = 60, Max = 180, and Most likely = 90
Repair product after escalation Triangular Min = 10, Max = 30, and Most likely =20

139



Aly Owida University of Limerick

The use of the triangular distributions is to preserve the anonymity of the case
organization; however, these distributions are still a close representation of the real data.
For the on-site diagnosis and repair activities, actual processing times (provided by the

case organization) are based on both product type and failure type.

By examining this data, it was observed that there are two major groups of data with less
variability between the values within each group. Therefore, a decision has been made to
set two different groups of data: A & B using uniform distributions to represent on-site
diagnosis and repair times. Also deterministic values were provided by the case
organization and used in the simulation model for two certain communication activities

that have very low variability.
Modelling assumptions

A number of assumptions have been made to the field repair service provision business
process simulation model based on discussions between the researcher and members of

the case organization, these are presented as follows:

e Negative exponential distribution is used to represent the inter-arrival time with a
mean of 11 minutes based on the real historical data collected from the case
organization.

e The model used activity-based costing to quantify the cost incurred by both buyer
and supplier to provide the service (e.g. quantifying the cost of the time of a
technician at the activity not the technician cost itself).

e The service provider is responsible for and can provide the required quantity of
resources based on the daily call volume. Accordingly, resources are unlimited
and there is no need to measure the waiting time and resource utilization.

e Field technician resource wage was set as an expected value (€/min) based on
different technician levels, associated wages, and their frequency.

e Processing times of on-site diagnosis and repair activities vary based on both
product type and failure type. Thus, processing times of the two activities were
set as uniform distribution using minimum and maximum values of the actual

processing times of the different product types and the different failure types.
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Performance measures

The performance measures resulting from running the simulation model that are
evaluated in the case organization field repair service provision include the annual
number of completed calls in the service system, annual number of completed calls in
each activity, annual number of field visits with invalid warranty, annual number of
exception calls, annual total processing time of all calls in the service system, average
processing time of each activity per call, and annual cost of each resource. Table 6-4
presents the performance measures reported from simulation along with the category and

unit of each one.

Table 6-4: Performance measures reported from simulation.

Measure Category Unit

Annual number of completed calls in the system Operational performance measure | calls/year
Annual number of completed calls in each activity Operational performance measure | calls/year
Annual number of field visits with invalid warranty Operational performance measure | calls/year
Annual number of exception calls Operational performance measure | calls/year

Annual total processing time of all calls in the system | Operational performance measure | min/year

Average processing time of each activity per call Operational performance measure | min/call

Annual cost of each resource Financial performance measure €/year

Other performance measures are calculated based on the simulation output of both the
base scenario and any other future scenario as listed in Table 6-5. Customer satisfaction
is calculated based on simulation results, which is the product of annual cost savings
percentage; annual time savings percentage; reduction percentage in the number of field
visits with invalid warranty; and reduction percentage in the number of exception calls,

due to their influence on the service quality.
Simulation parameters

The simulation parameters that must be defined for any simulation model are the
simulation runtime, warmup period, and number of replications. Based on discussions
between the researcher and members from the case organization, the following has been

decided:

e The simulation runtime is one year of 360 days.
e The base time unit of the simulation model is minutes.
e The base currency unit of the simulation model is €.
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Table 6-5: Performance measures calculated from simulation results.

Measure Unit Formula
Annual total resources cost of €/year Summation of the annual cost of all resources
the system
Average cost per call €/eall Annual total resources cost of the system / Annual
g P number of completed calls in the system
Average cost saving per call €/eall Average cost/cgll of base scenario — Average cost/call of
any new scenario
Average cost saving per call % Average cost saving per call / Average cost per call
percentage
: %
Annual cost savings €lyear Average cost saving per call * Annual number of

completed calls in the system
Annual cost savings o Annual cost savings / Annual total resources cost of the
percentage ° system

Return on Investment — ROI % Annual cost savings / Initiatives implementation cost

Average time/call of base scenario — Average time/call

Average call time saving min/call .
of any new scenario
Average call time saving % Average call time saving / Average time per call
percentage
. . . Average call time saving * Annual number of completed
Annual time savings min/year

calls in the system
Annual time savings / Annual total time processing time

Annual time savings o
()

percentage of all calls in the system
Reduction percentage in the
number of field visits with % Old — New / Old

invalid warranty
Reduction percentage in the
number of exception calls

% Old — New / Old

Annual cost savings percentage ¥ Annual time savings
percentage * Reduction percentage in the number of field
visits invalid warranty * Reduction percentage in the
number of exception calls

Customer satisfaction %

Bizagi is not capable to run the simulation model for a warmup period to remove the
initialization bias that applies to the model. An alternative to having a warmup period is
to employ a very long run length so the initialization bias becomes of little consequence
to the results (Robinson 2003). To examine this alternative, the simulation runtime was
set at ten years (ten times the desired runtime); however, there was very little difference
between the two runs (one year and ten years). Thus, the warmup period has very little
influence on the simulation model results and accordingly is not important to be

performed.

To determine and select the number of replications that should performed with the
simulation model, 30 replications are carried out, each of one year duration. The results
for the performance measures are reported for each replication where two different

approaches have been adopted: a graphical method and a confidence interval method
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(Robinson 2003), to examine the effect of the number of replications on the value of the

results.

To adopt the first approach, the cumulative mean of the performance measures reported
from simulation (annual number of completed calls in the system, annual number of field
visits with invalid warranty, annual number of exceptions calls, annual total processing
time of all calls in the system, and annual cost of each resource) from each replication
were plotted to graphically assess output variability. A sample of the graphical
representation is presented in Figure 6-4 with the rest of the results showing a similar
pattern. From observation of the output, it is noted that the line tends to become flat at

around 8 replications with some little variation beyond that.

99,500
99,000
98,500
98,000

97,500

Output data cumulative mean

97,000
0 5 10 15 20 25 30 35

Number of replications

Figure 6-4: Cumulative mean of output data sample.

To adopt the second approach, a statistical analysis of the performance measures reported
from simulation was conducted using 95% confidence intervals to examine the accuracy
of the output data. A sample of the statistical analysis is presented in Figure 6-5 with the
rest of the results showing a similar pattern. It can be seen that the confidence intervals
narrow as more replications are performed with a percentage deviation of 1.5% at 3
replications and below 0.5% at 8 replications. The percentage deviation keeps narrowing
as the number of replications increased; therefore, 10 replications has been selected as a
good position where it can be observed that no further information is gained by running

more replications.
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Figure 6-5: Cumulative mean and 95% confidence intervals of output data sample.

A simulation run of 10 replications was made to develop a base scenario that represents
the current field repair service provision of the case organization. The reported results

from the base scenario run represents the base line for the future scenarios.

6.3.6 Simulation model verification and validation

According to (Sargent et al. 2016), verification and validation of simulation models
includes conceptual model validation, computerized model verification, operational
validation, and data validity. Conceptual model validation was presented previously (in
Subsection 6.3.4) to ensure that the BPMN model (conceptual model) is correct and
represents the real field repair service provision business process. Moreover, Bizagi
includes built-in validation which was used to further validate the BPMN model after
developing it in the Bizagi Modeler. This option validates the element’s location and
connections. It also checks for errors and reports a description for each error to help
correcting it (Bizagi 2017). In addition, syntactical correctness of models can be verified
using Bizagi (Kherbouche et al. 2012). For example, (Silvia et al. 2016) used Bizagi to
validate the business process modelling developed using the BPMN standard. Moreover,
it was reported that the automated generation of DES model in Bizagi for a BPMN
structure can be ran immediately, upon the availability of data, without the need for

verification (Proudlove et al. 2017).

Computerized model verification is presented in this subsection to ensure that the

simulation model (computerized model) translates correctly the BPMN model
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(conceptual model). Operational validation requires comparing the simulation model
output behaviour to the actual system output behaviour (Sargent et al. 2016). For the case
organization, this requires observing the output of the real field repair service provided
by the service provider on behalf of Company X for one year (the simulation model run
length) to compare it to the simulation model output, which is not possible. (Sargent et
al. 2016) stated that this is often the case, and in this situation, the simulation model output
behaviour should be explored as thoroughly as possible, which was performed by the
researcher. Data validity is ensuring the correctness of the data used in model building,
model evaluation and testing, and conducting experimentations (Sargent ef al. 2016). This

was already ensured given that all the data used were provided by the case organization.

The remaining of this subsection mainly presents the computerized model (simulation
model) verification. Two techniques were used to conduct the simulation model
verification: structured walk-through and sensitivity analysis. Although the simulation
model developed using Bizagi is similar to the BPMN model, a structured walk-through
was also conducted but this time using Bizagi animation capabilities to ensure that the
business process is captured correctly and the simulation model is working as intended.
This includes examining all the possible flows and following all the possible actions that
can happen within the case organization service provision system. To ensure successful
model building, the simulation model was monitored as it progresses at different times
and also was temporarily paused to be checked. Moreover, the model output was checked
thoroughly for reasonableness under a variety of input parameters including arrivals, flow
probabilities, processing times, quantity of resources, cost of resources, and simulation

runtime.

According to (Saldivar et al. 2016), a business process model verification means
analysing whether or not the behaviour of its instances matches a given expected
behaviour, which can be performed by running the process and observing its output.
Hence, sensitivity analyses were conducted to examine the impact of changes to different
measures. Sensitivity analyses were planned and conducted for selected model inputs in
collaboration with service managers from the case organization in order to better verify

and validate model behaviour.
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A set of experimental factors were selected based on discussions with service managers
aiming to identify useful experiments and to ensure that the model is reacting correctly to

changes. Two main factors were examined which are presented as follows.

The first factor is the flow probabilities allocation of the first gateway in the model, which
diverts arrivals to one of three possible flows based on the result of the diagnosis
performed by the call handler who replied to the customer call. The first possibility is
resolving the fault and accordingly closing the call. The second possibility is identifying
a diagnosis and accordingly forwarding the call to a dispatcher to schedule a field visit.
The third possibility is failing to identify a diagnosis and accordingly forwarding the call
to an off-field technician to diagnose the fault. The base flow probabilities of this gateway
are 40%, 20%, and 40% respectively, as presented earlier in the first row of Table 6-2.

Changes in such flow probabilities allocation is of particular interest to Company X given
its effect on the flow of calls at the beginning of the model, i.e. closing calls or diverting
them towards either dispatchers or off-field technicians. This allocation has a significant

influence on the overall flow of calls in the model and accordingly its output.

Hence, the three base flow probabilities were switched together to form two new
allocations; i.e. 40%, 40%, and 20% and 20%, 40%, and 40%. Flow outputs (number of
calls) and their percentages created by the model in the three different scenarios, i.e. base
scenario and the two new allocations scenarios, are presented in Table 6-6. It can be seen
that the model reacts correctly to the input changes by creating the right flow probabilities

allocation.

Table 6-6: First sensitivity analysis experiment number of calls and their percentages.

Base Scenario Scenario 1 Scenario 2
o/ Y09/ -400° 0/ _409/.-200, o/ _A09/-400,
Possible Flows (40%-20%-40%) (40%-40%-20%) (20%-40%-40%)
# of % of # of % of # of % of
Calls Total Calls Total Calls Total
Fault Resolved Calls 18,815 40% 18,799 40% 9,404 20%
Diagnosis Identified 9,414 20% | 18,837 40% | 18,820 40%
Calls
Diagnosis Not o o o
Identified Calls 18,845 40% 9,438 20% 18,850 40%
Arrived Calls 47,074 1 47,074 1 47,074 1
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Model performance in terms of number of calls and cost of resources for the three

different scenarios, i.e. base scenario and the two new allocations scenarios, are presented

in Table 6-7.

Table 6-7: First sensitivity analysis experiment performance measures.

University of Limerick

Base Scenario Scenario 1 Scenario 2
Performance Measure | (40%-20%-40%) | (40%-40%-20%) (20%-40%-40%)
Value Value % Change | Value % Change
Call Handlers Cost 98,177 | 105,532 7.49% 116,509 18.67%
# of calls for Off-field 18,845 9437 | -49.92% 18,849 0.02%
Technicians
gg;tﬁeld Technicians 141,728 | 71,012 | -49.90% 141,759 0.02%
# of calls for Dispatchers 20,721 24,500 18.24% 30,130 45.41%
Dispatchers Cost 58,650 | 69,321 18.20% 85,243 45.34%
# of normal calls for 20,721 24,499 18.23% 30,130 45.41%
Field Technicians
# of deferred calls for 718 838 16.71% 1,021 42.20%
Field Technicians
# of escalated calls for N o
Fiold Toehmioion 26 32 23.08% 38 46.15%
Total calls for Field 21,465 | 25369 18.19% 3,189 | 45.30%
Technician
Field Technicians Cost 760,063 | 898,710 18.24% | 1,105,149 45.40%

By switching probabilities in the first allocation scenario, half the calls that have
unidentified diagnosis; i.e. forwarded to an off-field technician; were diverted to double
the identified diagnosis flow; i.e. forwarded to a dispatcher. This should by default lead
to an approximately 50% decrease in the number of calls forwarded to the off-field
technicians and an approximately 50% increase in the number of calls forwarded to the
dispatchers. The cost of both off-field technicians and dispatchers should change
accordingly. It can be seen in the table that the number of calls forwarded to the off-field
technicians decreases by almost 50% and the same for their cost while the number of calls
forwarded to the dispatchers increased by around 18% only. This can be justified by the
fact that off-field technicians identify a diagnosis for 60% of the calls forwarded to them
and accordingly return them again to dispatchers so they can assign a technician and
schedule a field visit. Given that the number of calls forwarded to the off-field technicians
was reduced by 50%; therefore, the number of calls returned from them to the dispatchers
are reduced by 50% too. Moreover, a small number of calls are returned back to

dispatchers form technicians to be rescheduled and forwarded again to technicians; i.e.
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deferred and escalated calls. Those reasons lead to an overall increase of 18% in the

number of calls forwarded to dispatchers.

Given that calls that are forwarded to dispatchers are then assigned to technicians;
therefore, the change in the number of calls forwarded to technicians should be similar to
the change in the number of calls forwarded to dispatchers. The cost of field technicians
should change accordingly as well. It can be seen in the table that the change in the
number of calls forwarded to technicians are also around 18%. Although there are no
changes made to call handlers in this scenario, their cost increased by around 7%. This
can be justified by the fact that call handlers are responsible for recording customer
details, ordering required parts, and recording repair requirements before forwarding the
call to dispatchers. Those activities are performed to both calls that have identified
diagnosis and the 60% of calls that were forwarded to the off-field technicians and
returned back to call handlers with an identified diagnosis. Based on the changes to the
number of calls forwarded to the off-field technicians (i.e. 50% decrease) and those
forwarded to the dispatchers (i.e. 50% increase), an overall change of around 7% increase
in the call handlers cost took place. The second allocation scenario produced justifiable

results, as shown in Table 6-6 and Table 6-7, using the same logic.

The second factor is the maximum values of all triangular distributions associated with
processing times in the model. Given the use of activity-based costing approach to
quantify costs as mentioned earlier in the model parameters, processing times input has a
significant influence on the service cost. Hence, all maximum values of all triangular
distributions associated with processing times were doubled, tripled, and quadrupled.
Thus, there are three new scenarios created. This change should lead to drastic increase
in the processing times of all activities and accordingly a drastic increase in the costs of
all resources. The base scenario results and the second sensitivity analysis experiment
results are presented in Figure 6-6. The results present the cost of different resources in
the base scenario and the three new scenarios created based on changes in maximum
values of all triangular distributions associated with processing times in the model. It can
be seen in the figure that the cost of the four resources increased drastically. Overall,
based on the two conducted sensitivity analysis experiments, the simulation model reacts

correctly to changes.
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Figure 6-6: Second sensitivity analysis experiment results.

Based on the structured walk-through and the sensitivity analyses, the simulation model
was declared verified. Accordingly, the simulation model was used within the proposed
framework for simulating the suggested process improvements in manufacturing-based

field repair service contracting and the model produced logical and reasonable results.

The validity of the simulation model was further tested partially with a real-life scenario
by simulating a number of process improvements and by examining the scenario results.
The simulation output shows realistic results including number of instances, time, and
cost for each task and gateway. Further illustration of the use of the simulation model to

test the process improvements is presented in the next section.

6.4 Continuous Improvement Implementation

The aim of this section is to test the proposed conceptual framework using data provided
by the case organization. The framework includes eight phases in which the first two,
BPMN model development and simulation model development, were presented in the
previous section. This section presents the remaining six phases which are initiatives
identification, initiatives evaluation, feasible initiatives prioritization, implementation

plan setting, implementation plan testing, and contract finalization.
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6.4.1 Initiatives identification

Company X (buyer) and the service provider (supplier) use the BPMN model developed
and presented in the previous section (Figure 6-2) to break down and analyse the field
repair service provision business process aiming to identify all process improvement
opportunities. They work collaboratively to determine process improvement initiatives
for those opportunities and identify their requirements. For the purposes of illustration of
the framework, a real-life scenario has been derived from the case organization and will

be used in the remainder of this section.

Several discussions were conducted with members from the case organization who have
direct contact with service providers, knowledge of service providers business and how
they actually provided the service, and past experience in improving the outsourced field
repair service provision through collaboration with one of the service providers. Thus,
nine process improvement opportunities and their associated improvement initiatives
were identified. Further discussions were conducted to collect more data on the
implementation requirements and expected improvement of the nine initiatives. There

have been some minor modifications to the details to maintain anonymity.

Table 6-8 presents the identified process improvement opportunities, the suggested
process improvement initiatives, their implementation requirements in terms of cost and
time, and their expected improvements. The presented implementation requirements are
related to Company X and the service provider. Implementation requirements related to
other partners such as logistics provider are not presented because they fall outside the

scope of this study such as introducing new self-service systems at inventory locations.

Table 6-8: Process improvement opportunities and suggested initiatives.

Improvement Improvement Implementation Expected Improvements
Opportunity Initiative Requirements

1. Call handlers Eliminating = Cost: €70,000 to | Reduction in time of
communicate repair communication time develop the processes performed by
requirements to the through replacing these required EDI call handlers which leads
dispatcher and the parts | activities by an = Time: 3 months to call handlers cost
requirements to the Electronic Data savings and call time
logistics provider Interchange (EDI) savings
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Improvement Improvement Implementation
Opportunity Initiative Requirements Expected Improvements

2. Off-field technicians
diagnose the problem
and attempt to resolve
it remotely while
customers are not able
to self-diagnose

Installing diagnosis
tool on all products that
enables customer self-
diagnosis and
communicates repair
recommendations

= Cost: €220,000 to

install the
diagnosis tool

= Time: 6 months

Reduction in time of
processes performed by
off-field technicians which
leads to off-field
technicians cost savings
and call time savings

3. Field technicians
perform set of manual
activities on site before
repairing the failed
product including
operating system
loading

Providing technicians
with hardware to
facilitate faster loading
times to reduce the
time spent on site

= Cost: €220,000 to

buy the
appropriate
hardware

= Time: 9 months

Reduction in time of
processes performed by
field technicians at the
customer location which
leads to field technicians
cost savings and call time
savings

4. Field technicians go
to inventory location
and wait in queue to
collect the required
parts for the scheduled
visits

Introducing self-service
system at the inventory
locations to reduce the
queuing time

= Cost: €3,000 to

train all field
technicians on
using the new
system

= Time: 6 months

Reduction in time of
processes performed by
field technicians at the
inventory location which
leads to field technicians
cost savings and call time
savings

5. Field technicians
contact customers and
Company X to inform
them of ETA

Using hands free
communications to
perform calls while
driving to eliminate
wasted time

= Cost: €1,000 to

buy ear sets

= Time: 6 months

Reduction in time of
processes performed by
field technicians before
travelling to customers
which leads to field
technicians cost savings
and time savings

6. Field technicians
arrives at incorrect
address and a repeat
visit is required

Confirming customer
address during
informing ETA to
avoid incorrect address
incidents

= Cost: €750 to

train all field
technicians to the
new procedures

= Time: 0 months

Reduction in incorrect
address instances which
leads to higher level of
customer satisfaction, field
technicians cost savings,
and call time savings

7. Field technicians
validate physical
warranty after arriving
at customer site and
before repairing the
failed product

Checking the warranty
online to reduce the
time spent on site and
to avoid invalid
warranty instances

= Cost: €250 to

train all field
technicians on the
new procedures

= Time: 0 months

Reduction in invalid
warranty instances which
leads to higher level of
customer satisfaction, field
technicians cost savings,
and call time savings

8. Field technicians
contact Company X
technical support team
to re-diagnose incorrect
diagnosis and wait in
queue to reach an off-
field technician

Giving priority for re-
diagnosis calls to
reduce the queuing
time by 5 minutes and
reduce the time spent
on site

= Cost: €250 to

train all field
technicians on the
new procedures

= Time: 0 months

Reduction in time of
processes performed by
field technicians at the
customer location which
leads to field technicians
cost savings and call time
savings

9. Field technicians
wait for parts at the
customer site and stay
idle for escalated calls

Letting the technician

travel to his next field

visit and send another

technician to eliminate
the wait time spent on

site

= Cost: €250 to

train all field
technicians on the
new procedures

= Time: 0 months

Reduction in field
technicians idle time
which leads to field
technicians cost savings
and call time savings
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6.4.2 Initiatives evaluation

The impact of each improvement initiative was evaluated using the simulation model
developed in Bizagi Modeler (see Figure 6-3). Each initiative should improve the service
provision; therefore, each initiative was evaluated separately by modifying the model
inputs that reflect the changes and simulating the model for 10 replications for one year

duration.

Comparing the simulation results with the base scenario results, using the performance
measures defined in Subsection 6.3.5, shows the impact of each initiative. Moreover, the
measures of the base scenario and the nine initiatives scenarios were used to calculate
additional indicators for each initiative including annual cost savings percentage, ROI,
annual time savings percentage, exception calls reduction percentage, field visits with
invalid warranty reduction percentage, and customer satisfaction. Table 6-9 presents the
identified performance measures used and the results associated with the base scenario

along with each one of the nine improvement initiatives simulation scenarios.

Based on the identified impact of the initiatives, each initiative has been evaluated with
respect to its requirements and accordingly all initiatives are considered feasible with no

exclusions needed.

6.4.3 Feasible initiatives prioritization

Given the final set of agreed process improvement initiatives, these are prioritized
according to the service supply chain performance goals. Company X identified these
goals in terms of seven different measures (i.e. multiple criteria) including three
operational measures, three financial measures, and one quality measure. The operational
performance was measured using annual number of completed calls in the service system,
annual time savings percentage, and initiative implementation time. The financial
performance was measured using annual cost savings percentage, ROI, and initiative

implementation cost. The quality performance was measured using customer satisfaction.
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Table 6-9: Performance measures results of base scenario and each initiative scenario.

University of Limerick

Results of Improvement Initiatives

Performance Measures Base Line

1 2 3 4 5 6 7 8 9
Annual Total Cost 1,058,617 1,043,882 1,025,013 1,039,917 1,032,585 1,020,697 1,035,522 1,047,155 1,055,719 1,058,895
Arrived Calls 47,074 47,002 47,137 47,154 47,109 47,194 47,110 47,070 47,249 47,116
Completed Calls 47,051 46,979 47,112 47,133 47,086 47,174 47,089 47,058 47,229 47,101
Cost per Call 22.50 22.22 21.76 22.06 21.93 21.64 21.99 22.25 22.35 22.48
Call Cost Saving 0.28 0.74 0.44 0.57 0.86 0.51 0.25 0.15 0.02
Call Cost Saving % 1.24% 3.30% 1.94% 2.53% 3.83% 2.26% 1.10% 0.65% 0.08%
Initiative Implementation Cost 70,000 220,000 220,000 3,000 1,000 750 250 250 250
Annual Cost Savings 13,101 34,976 20,533 26,817 40,676 23,945 11,610 6,888 836
ROI 18.72% 15.90% 9.33% 893.91% | 4067.63% | 3192.67% | 4644.00% | 2755.02% 334.24%
Annual Cost Savings % 1.24% 3.30% 1.94% 2.53% 3.84% 2.26% 1.10% 0.65% 0.08%
Call Time Saving 1.28 1.68 1.03 1.34 2.02 1.19 0.58 0.34 0.04
Call Time Saving % 2.25% 2.94% 1.80% 2.34% 3.54% 2.08% 1.01% 0.59% 0.07%
Annual Time Savings 60,366 78,984 48,424 62,922 95,410 56,008 27,089 16,013 1,961
Annual Time Savings % 2.25% 2.94% 1.80% 2.34% 3.55% 2.08% 1.01% 0.60% 0.07%
Exception Calls Reduction % -0.03% 1.28% 4.19% 1.19% 1.63% 63.23% 1.70% 1.72% 2.00%
Invalid Warranty Reduction % -0.09% 0.45% -1.67% 0.11% -0.41% -1.70% 79.19% -0.44% -1.90%
Customer Satisfaction 0.84% 1.99% 1.57% 1.54% 2.15% 16.47% 20.75% 0.63% 0.06%

153




Aly Owida University of Limerick

Given the seven identified criteria, the scoring model was used to rank the initiatives. To
calculate the different scores for each initiative, the weights of each criterion and the
grades of each initiative are required. Criteria weights are set based on the relative
importance of each criterion to the service supply chain performance according to the
case organization preference. Grades of initiative implementation cost and initiative
implementation time criteria are already known from the suggested initiatives
requirements (Table 6-8). Grades of annual number of completed calls criterion is
obtained from simulation results (Table 6-9). Grades of annual cost savings percentage,
customer satisfaction, ROI, and annual time savings percentage criteria are calculated
based on the results of the simulation (Table 6-9). To bring all values between 0 and 1,
data normalization was performed using the formula presented in Equation 2 (Chapter
Four). For more illustration, a sample calculation is presented in Table 6-10 for the
normalization of grades of the nine initiatives with regards to the implementation time

criterion.

Table 6-10: Normalized grades of initiatives for criterion 4.

L Annual Cost X' = X — Xomin Grades
Initiative Savings (X ) Xmin Xmax Xmax - Xmin (X ,)
5 40,676 836 | 40,767 ((40,676-836)/(40,767-836))*100 100%
2 34,976 836 | 40,767 ((34,976-836)/(40,767-836))*100 86%
4 26,817 836 | 40,767 ((26,817-836)/(40,767-836))*100 65%
6 23,945 836 | 40,767 ((23,945-836)/(40,767-836))*100 58%
3 20,533 836 | 40,767 ((20,533-836)/(40,767-836))*100 49%,
1 13,101 | 836 | 40,767 | ((13,101-836)/(40,767-836))*100 |  31%
7 11,610 836 | 40,767 ((11,610-836)/(40,767-836))*100 27%
8 6,888 836 | 40,767 ((6,888-836)/(40,767-836))*100 15%
9 836 | 836 | 40,767 ((836-836)/(40,767-836))*100 0%

Scoring model including the seven criteria, weights, grades, and scores are presented in
Table 6-11. As shown in the table, 60% of the weights are assigned to two criteria: annual
cost savings percentage and customer satisfaction (30% each). The remaining 40% are

subdivided over the other five criteria according to their relative importance.

This assignment of weights is case-specific and was decided according to Company X
preference with respect to the whole service supply chain. Annual cost savings percentage
and customer satisfaction reflect the performance of the two main measures of any field

repair service provision, as presented in Chapter Two.
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There has been a long recognition that field service managers monitor customer service
and cost (Waller 1994). Recent studies in the field service domain highlighted increased
profits (through cost reduction) and improved service quality (leads to customer
satisfaction) as main benefits of providing after-sales services, especially field services

(Xu et al. 2015; Macchi et al. 2016; Zhou et al. 2016).

Accordingly, the proposed framework in this study focuses on enabling the execution of
the agreed process improvements over the contract lifecycle to achieve the overall goal
of ongoing cost reductions and improved service quality. However, the proposed
framework can accommodate any other prioritization preference. Furthermore, other
cases can set different criteria with different weights based on the case organization
preference, and can use other prioritization approaches if more appropriate. The case
organization preference can be the operational, the financial, or the quality performance

or any combination of these or even neutral.

Table 6-11: Scoring model for improvement initiatives ranking.

. X Improvement Initiatives
# Criteria Weight
1 2 3 4 5 6 7 8 9
Annual Cost
1 | Savings 0.3 31 86 49 65 100 58 27 15 0
Percentage
3 | Customer 0.3 4 9 7 7 10 | 79 | 100 | 3 0
Satisfaction
Initiative
3 | Implementation 0.05 68 0 0 99 100 100 100 100 100
Cost
Initiative
4 | Implementation 0.1 67 33 0 33 33 100 100 100 100
Time
5 | Return on 0.15 0 0 0 19 | 88 | 6 | 100 | 59 7
Investment - ROI )
Annual Number
6 | of Completed 0.05 0 53 62 43 78 44 32 100 49
Calls
Annual Time
7 | Savings 0.05 62 82 50 65 100 58 27 15 0
Percentage
Score 1 23.7 | 3855 | 224 38.1 634 | 71.55 | 71.05 35 18.5

6.4.4 Implementation plan setting

A schedule-driven implementation plan was developed for the execution of the nine
agreed improvement initiatives over the contract lifecycle based on the prioritization
developed in the previous subsection. Initiatives ranked based on their scores and their
requirements are presented in Table 6-12.
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Table 6-12: Initiatives implementation inputs.
Initiative | Score ITI?£??1H§:;?1?S“ Cost (€)

6 71.55 0 750
7 71.05 0 250
5 63.4 6 1,000
2 38.55 6 | 220,000
4 38.1 6 3,000
8 35 0 250
1 23.7 3 70,000
3 22.4 91 220,000
9 18.5 0 250

30 | 515,500

University of Limerick

Initiatives execution was scheduled and the plan was set aiming at implementing all the

initiatives by the end of the contract lifecycle to achieve the targeted improvements. The

plan considered the implementation constraints including the following:

e The contract duration is 3-4 years.

e The maximum allowable number of initiatives that can be implemented each year

must be implemented.

e Each initiative must be implemented within a contract year for better evaluation.

e The annual budget available each year is €225,500.

e Initiatives implementation overlap is not allowed due to people resistance to

change and to avoid affecting the quality of the provided service.

Based on prioritization and taking into account all constraints, the schedule-driven

implementation plan was set (Table 6-13). The plan shows the schedule for implementing

each initiative along with the associated time and cost of its implementation over the

contract lifecycle.

According to the schedule of implementation shown in Table 6-13, the improvements

resulting from initiatives implementation will be noticed only after implementing the

initiatives. For example, initiative 5 should be implemented during the first two quarters

of the first contract year with the improvement resulting from its implementation being

noticed from the start of the third quarter of the first contract year. The plan feasibility

was checked according to the implementation constraints and no modifications or

adjustments to the plan are needed.
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Table 6-13: Improvement initiatives schedule-driven implementation plan.

Impl tati Implementation Cost Total | Total
Year | Initiative ,;,I:& :I?n?:);ﬂ:(s);l Timeline (months) (2; T(i)n:‘e C(:)sat
Start Finish

6 0 0 0 750
7 0 0 0 250

1 12 | 222,000
5 6 0 6 1,000
2 6 6 12 | 220,000
4 6 12 18 3,000

2 8 0 18 18 250 9| 73,250
1 3 18 21 70,000
3 9 24 33 | 220,000

3 9 | 220,250
9 0 33 33 250

30 515,500 30 | 515,500

6.4.5 Implementation plan testing

The simulation model base scenario developed was used as a base line to test the
execution of initiatives implementation plan. The base scenario was modified according
to the schedule-driven implementation plan and ran for the 3-year contract lifecycle on a
3-month basis (i.e. 90 days) to be able to accommodate the changes resulting from

initiatives implementation.

The 3-month simulation allowed the determination of the actual incremental
improvement in terms of cost reduction and improved service quality. The simulation of
the whole contract lifecycle enabled cumulating the results according to initiatives
implementation. It is worth noting that sometimes the improvement resulted from
initiatives implementation could not be seen during the same year of implementation, but

could be in the following year.

The overall goal of ongoing cost reductions and improved service quality over the 3-year
contract are presented in Table 6-14. The presented values show the End of Year (EOY)
performance. An additional year (i.e. Year 4) was presented in the table to show the
service provision performance for a complete year after implementing all the initiatives
and without any implementation interruptions. As shown, it can be observed that there is
an ongoing cost reduction and an improvement in service quality as cost savings and
customer satisfaction are increasing over the 3-years. Looking at the results of the fourth
year, after implementing all the initiatives, it can be observed that the average cost savings

per call exceeds 16% and customer satisfaction improvement exceeds 43%.
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Table 6-14: Cost reductions and improved service quality over the 3-year contract.

ll:;::‘s’lrl’;i““ 3::; EOY1 |Cum. |EOY2 | Cum. |EOY3 |Cum. |EOY4

Cost per Call 2250 | 2131 2131 1974| 2052| 1905| 2003 1878
Call Cost Saving 1.19 1.19 2.76 1.97 3.45 2.47 3.72
Call Cost Saving % 528% | 5.28% | 1226% | 8.78% | 1533% | 10.96% | 16.53%
Customer Satisfaction 38.46% | 38.46% | 4136% | 39.91% | 43.30% | 41.04% | 43.54%

6.4.6 Contract finalization

By checking the simulation results, it is clear that the overall target of ongoing cost
reductions and improved service quality are achieved. Given that both parties will be
satisfied with that target, no modifications to the implementation plan are needed. It can
be observed that improvement initiatives need almost 3 years to be implemented; hence,
the contract duration can be set to 3 years. This means that the outsourcing process
including supplier selection contracting will be repeated after reaching the end of the

contract lifecycle.

Based on an agreement between both parties to share the benefits, call cost saving shown
in Table 6-14 will be shared between them. Accordingly, the contractual shared benefits
are set over the contract lifecycle by stating explicitly in the contract the service price

reduction value that will take place each year.

At this stage of contracting, both buyer and supplier should have reached an agreement
on the terms of the contract which include but are not limited to, actors involved; the
duration of the contract; improvement initiatives; implementation plan of initiatives; the
responsibilities of each actor; expected benefits; base service price, and benefits sharing
scheme. Eventually, this represents the last step that allows both parties to sign the

contract.

6.5 Sensitivity Analysis

This section presents a sensitivity analysis to the changing of weights given to the seven
identified criteria for prioritization of initiatives, which are previously assigned according
to the case organization preferences and used in the scoring model developed and
presented in Subsection 6.4.3. The objective of these analyses is to show how the

simulation results will change according to running different scenarios of different
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implementation plans and whether these results are affected by the changing of weights

resulting from different decision makers’ preferences.

6.5.1 Experimental design

In MCDM, many aspects in the analysis could be important and can be evaluated as
previously mentioned in Subsection 4.4.1, particularly the opinion-based factors. In the
presented case, weight distribution among the seven criteria was identified according to
the case organization preference. Although it is subjective, it was identified based on
expert opinion and profound knowledge while its reliability can be further enhanced

through conducting the following sensitivity analysis.

The experimentation presented in this section includes four different scenarios with
different preferences. The first scenario presents a neutral preference where equal weights
are distributed among the seven criteria. The other three scenarios present more extreme
weight distribution in the scoring model, i.e. operational preference; financial preference;
and quality preference, where 90% of the weights are equally distributed among the
criteria related to the preferred category (operational, financial, or quality) and the
remaining 10% are distributed equally among the other criteria. For each scenario,
initiative implementation ranking and implementation plans are re-developed while
implementation plan testing is re-conducted using simulation by running 10 replications.

Finally, a comparison of the four scenarios is performed.
6.5.2 Scenarios implementation plans

To develop the implementation plans for each scenario, weights are firstly assigned to

each of the performance criteria according to the following four preferences:

e Scenario 1 — Neutral Preference; weights are equally distributed among the seven
criteria (14.3% for each criterion).

e Scenario 2 — Operational Preference; the three operational criteria (initiatives
implementation time, annual number of completed calls, and annual time savings
percentage) have been assigned 90% in total (30% each) with the remaining 10%

distributed equally among the other four criteria (2.5% each).
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e Scenario 3 — Financial Preference; the three financial criteria (annual cost savings
percentage, initiatives implementation cost, and ROI) are assigned 90% in total
(30% each) with the remaining 10% distributed equally among the other four
criteria (2.5% each).

e Scenario 4 — Quality Preference; the single quality criterion (customer
satisfaction) is attributed 90% with the remaining 10% distributed equally among

the other six criteria (1.7% each).

Table 6-15 presents the weight distribution among the seven criteria for the four scenarios

according to the preferences outlined.

Table 6-15: Weight distribution among criteria of the four scenarios.

Weights

# Criteria 1. Neutral | 2. Operational | 3. Financial | 4. Quality
Preference Preference Preference | Preference

1 | Annual Cost Savings Percentage 14.3% 2.5% 30% 1.7%
2 | Customer Satisfaction 14.3% 2.5% 2.5% 90%
3 | Initiatives Implementation Cost 14.3% 2.5% 30% 1.7%
4 | Initiatives Implementation Time 14.3% 30% 2.5% 1.7%
5 | Return on Investment - ROI 14.3% 2.5% 30% 1.7%
6 | Annual Number of Completed Calls 14.3% 30% 2.5% 1.7%
7 | Annual Time Savings Percentage 14.3% 30% 2.5% 1.7%
Total 100% 100% 100% 100%

For each scenario, the new weights are used to calculate both score and rank of the nine
initiatives (listed in Table 6-16), which accordingly led to changes in initiatives ranking.

Full details of the scoring model for each scenario is presented in Appendix 5.

Table 6-16: Score and rank of each initiative using the weight of the four scenarios.

1. Neutral 2. Operational | 3. Financial 4. Quality
Improvement | pyeference Preference Preference Preference
Initiatives Score | Rank | Score | Rank | Score | Rank | Score | Rank
1 33.1 8 41.3 8 33.0 7 7.4 8
2 37.6 6 52.8 5 30.2 8 12.3 4
3 24.0 9 35.0 9 17.7 9 9.0 7
4 473 5 47.1 7 58.6 4 11.7 5
5 72.7 1 70.8 1 91.9 1 17.3 3
6 72.6 2 68.3 3 75.1 2 78.3 2
7 69.4 3 55.9 4 74.6 3 96.4 1
8 56.0 4 69.0 2 57.7 5 9.2 6
9 36.6 7 47.4 6 35.8 6 43 9
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Afterwards, the implementation plan is set for each scenario based on initiatives ranking
for that scenario. Table 6-17 presents the initiatives ranking and the initiatives
implementation plan for the four scenarios. The different rankings of the initiatives are

based on their calculated scores, as presented in Appendix 5.

Table 6-17: Initiatives rankings and implementation plan of the four scenarios.

1. Neutral 2. Operational 3. Financial 4. Quality

Preference Preference Preference Preference
Year | Initiatives Year Initiatives Year Initiatives Year | Initiatives
5 5 5 7
6 8 6 ! 6
1 7 6 7 5

1 1
8 7 4 2
4 2 8 4
2
2 9 9 8
2

9 5 4 2 1 3 3
3 1 1 3 2 4 1
4 3 3 3 3 9

In the neutral preference; the initiatives ranking is totally based on their grades for each
one of the seven criteria without any impact from the weights as they are equally
weighted. Since initiatives implementation time is not given a higher weight, as in the
case organization preference (presented in the previous section), the number of years
required to implement the initiatives changed from 3 years to 4 years. Thus, based on the
implementation constraints presented in Subsection 6.4.4, implementation of the
initiatives would normally take more than 3 years, unless a higher weight is given to the

initiatives implementation time criterion.

By examining the other three preferences; i.e. operational, financial, and quality; it can
be observed that the initiatives ranking responded to the changing of weights in case of
the operational preference. Where, higher weight was given to the initiatives
implementation time and accordingly a 3 years plan was possible for the operational;
whereas, financial and quality preferences would still require 4 years to implement all
initiatives. Although quicker implementation of initiatives (i.e. 3 years) would improve
cost savings, slower implementation of initiatives (i.e. 4 years) would improve both

initiatives implementation cost and ROL.
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6.5.3 Results analysis

The implementation plans identified for each scenario, in the previous subsection, are
simulated using Bizagi. The simulation runtime was set at 4 years to make sure all the
initiatives are implemented completely and the average performance measures resulting
from simulation (average of 10 replications) for each of the four scenario are obtained.
Timings of initiatives implementation according to the four plans identified in the

previous section are detailed in Table 6-18.

Table 6-19 presents the simulation results obtained under the three main categories of
performance: operational, financial, and quality. In the operational measures, the second
scenario has the best performance in terms of both implementation time and time savings,
as it required 3 years implementation time compared to 4 years in the other preferences.
Which is logical given the higher weights allocated for operational measures that include
initiatives implementation time and annual time savings. Although the fourth scenario
focus is on quality, it is better than the second scenario in terms of completed calls which
is an operational measure. This is because the first two ranked initiatives in the
implementation plan of the fourth scenario have zero implementation time; hence, they
are implemented immediately and their actual impact on the service provision
performance can be observed instantaneously from the beginning of the first year (refer
to Table 6-18). While six months are required for initiatives implementation in the second

scenario to start observing any impact on the service performance.

As for the financial measures, the second scenario has the best performance in terms of
cost savings due to implementing initiatives quicker than other scenarios (3 instead of 4
years); thus, achieving higher cost savings, particularly in the fourth year which leads to
a higher average. Remarkably, both the fourth and the first scenarios (not financial) come
next in terms of cost savings performance and ahead of the third scenario, which presents
the financial preference. This is because there is a small difference in the impacts of
initiatives on the cost savings as presented in Table 6-9 in Subsection 6.4.2. More
specifically, for the fourth scenario, this is based on the immediate impact of
implementing initiatives from the beginning of the first year as explained in the previous
paragraph. Based on implementing the same initiatives in all scenarios, the total cost of

initiatives implementation is the same as shown in Table 6-19.
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Table 6-18: Actual impact of initiatives implementation for the four scenarios.

University of Limerick

1. Neutral Preference 2. Operational Preference 3. Financial Preference 4. Quality Preference
[} o o o
Ql |0-3 - Ql |0-3 - Ql | 0-3 - Ql | 0-3 7,6
i Q2 | 3-6 - i Q2 | 3-6 - i Q2 | 3-6 - 1 Q2 | 3-6 7,6
Q3 | 6-9 5,6,7,8 Q3 | 6-9 5,8,6,7 Q3 | 6-9 5,6,7 Q3 | 6-9 7,6,5
Q4 | 9-12 5,6,7,8 Q4 | 9-12 58,6,7 Q4 | 9-12 5,6,7 Q4 | 9-12 7,6,5
Q5 | 12-15 | 5,6,7,8,4 Q5 | 12-15 | 5,8,6,7,2,9 Q5 | 12-15 |5,6,7,4,8,9 Q5 | 12-15 | 7,6,5,2
5 Q6 | 15-18 |5,6,7,8,4 5 Q6 | 15-18 |5,8,6,7,2,9 5 Q6 | 15-18 |5,6,7,4,8,9,1 5 Q6 | 15-18 | 7,6,5,2
Q7 | 1821 |5,6,7,8,4,2,9 Q7 | 18-21 |5,8,6,7,2,9,4 Q7 | 18-21 |5,6,7,4,8,9,1 Q7 | 1821 |17,6,5,2,4,8
Q8 |21-24 |5,6,7,8,4,2,9 Q8 |21-24 |5,8,6,7,2,9,4,1 Q8 |21-24 |5,6,7,4,8,9,1 Q8 |21-24 |7,6,5,2,4,8
Q9 | 24-27 |5,6,7,8,4,2,9 Q9 | 24-27 |5,8,6,7,2,9,4,1 Q9 | 24-27 |5,6,7,4,8,9,1 Q9 | 24-27 |7,6,5,2,4,8
3 Q10 | 27-30 | 5,6,7,8,4,2,9,1 3 Q10 | 27-30 | 5,8,6,7,2,9,4,1 3 Q10 | 27-30 | 5,6,7,4,8,9,1 3 Q10 | 27-30 | 7,6,5,2,4,8
Q11 | 30-33 [5,6,7,8,4,2,9,1 QI1 | 30-33 |5,8,6,7,2,9,4,1 QI1 | 30-33 |5,6,7,4,8,9,1,2 Q11 | 30-33 |7,6,5,2,4,8
Q12 | 33-36 |5,6,7,8,4,2,9,1 Q12 ] 33-36 | 5,8,6,7,2,9,4,1,3 Q12 | 33-36 | 5,6,7,4,8,9,1,2 Q12 | 33-36 | 7,6,5,2,4,8,3
Q13 | 36-39 [5,6,7,8,4,2,9,1 Q13 | 36-39 | 5,6,7,4,8,9,1,2 Q13 | 36-39 | 7,6,5,2,4,8,3
4 Q14 | 39-42 |5,6,7,8,4,2,9,1 4 Q14 | 39-42 |5,6,7,4,8,9,1,2 4 Ql4 | 39-42 | 7,6,5,2,4,8,3,1,9
Q15| 42-45 |5,6,7,8,4,2,9,1 Q15 | 42-45 | 5,6,7,4,8,9,1,2 Q15 | 42-45 | 7,6,5,2,4,8,3,1,9
Q16 | 45-48 | 5,6,7,8,4,2,9,1,3 Q16 | 45-48 | 5,6,7,4,8,9,1,2,3 Ql6 | 45-48 | 7,6,5,2,4,8,3,1,9
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Table 6-19: Simulation results of the four scenario.

University of Limerick

Scenario

Performance Measures 1. Neutral 2. Operational | 3. Financial | 4. Quality

Preference Preference Preference Preference
Operational Measures
Initiatives Implementation Time
(Years) 4 3 4 4
Average Annual Number of
Completed Calls (Calls/Year) 47,029 47,079 47,026 47,101
Average Annual Time Savings (%) 10.93% 11.60% 10.69% 10.97%
Financial Measures
Average Annual Cost Savings (%) 11.39% 11.99% 10.81% 11.76%
Average Annual Initiatives
Implementation Cost (€/Year) 128,875 128,875 128,875 128,875
Average Annual ROI (%) 291.02% 90.02%" 252.17% 1029.33%
Quality Measure
Average Annual Customer
Satisfaction (%) 36.70% 36.99% 36.44% 41.33%

Moreover, it can be seen that the fourth scenario is, by far, better than other scenarios in
terms of ROI. This is because the second year in the fourth scenario requires low-
investment (€ 3,250) while cost savings resulting from initiatives implemented in the first
year are contributing to the total cost savings in the second year, leading to a very high
ROI (more than 3,700%). While in other scenarios such a low-investment year comes
first where low cost savings are achieved, leading to lower ROI. Thus, the average ROI
of the fourth scenario is better than other scenarios. Although the 4-year average ROI of
the second scenario should be high, it is the least (as shown in Table 6-19) given that
initiatives are implemented over 3 years; hence, there is no ROI for the fourth year and

the average is calculated for 3 years.

In the quality measure, it can be seen that the fourth scenario has the best performance
which is logical given the scenario quality preference. Overall, it can be observed that
both the second (operational preference) and the fourth scenario (quality preference) are
performing well, not only in terms of their respective measures, and sometimes have
better performance in other measures than the scenarios focusing on those measures. The
overall good performance could be expected to some extent in the operational preference

scenario but it is noteworthy that focusing on quality measures leads to good performance

* In the second scenario, there is no investment in the fourth year given that initiatives are implemented
over 3 years only. Accordingly, year 4 ROI cannot be calculated. Thus, this ROI is the average of 3 years.
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over other measures. This is because the single quality measure (customer satisfaction) is
calculated based on the combined impact of better service quality, time savings, and cost
savings where the last two have direct impact on the quality of the service provision and

accordingly on the customer satisfaction.

Based on this analysis, it can be concluded that the distribution of weights in such a
scoring model is case specific and should be identified based on experts who have
profound knowledge about the case under study. It was also observed that it is not enough
to focus only on operational and financial aspects in all cases where other aspects, such
as quality, could be important and could have significant influence on strategic decisions,
such as the initiatives implementation plan. Hence, it is recommended for practice to test
different scenarios and preferences by changing weight distribution among the different
criteria in the scoring model to gain more insights about the impact of such a change on
the service performance. This step is essential to both the consistency and reliability of
the scoring model as well as to enable identifying the best weight distribution for the

success of the scoring model.

The sensitivity analyses presented in this section had verified the MCDM method used
(scoring model) and is also considered as further verification to the whole proposed
framework including the continuous improvement approach based on the combined use
of BPMN and BPSim using Bizagi. The analysis also emphasizes the importance of both
service quality and service operations performance in the after-sales field repair service
provision, which lies in line with the findings of literature review and multi case analysis
conducted in this study and presented in Chapter Two and Chapter Five respectively,
where customer satisfaction is the most frequent quality measure and response time is the

most frequent operational measure.

6.6 Discussion

Based on analysis of the case organization after-sales field repair service, a BPMN model
has been developed and validated. The purpose of this model is to represent the business
process of the field repair service provision including the different involved actors and
their associated interactions. In addition, a simulation model has been developed by

translating the BPMN model into a DES model using Bizagi Modeler (BPSim standard).
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The purpose of this model is to allow for business process simulation of the field repair
service provision. The simulation model is stochastically driven and can be run using
evaluated distributions and flow probabilities based on historical data provided by the
case organization. The data can be substituted by potential future state scenarios provided
through expert opinion. Thus, the simulation model can be used during the collaborative
roundtable negotiations as a decision making tool within the proposed decision support
system with the intended purpose of collectively negotiating a longer-term contract
through an open and transparent process between both buyer, i.e. manufacturer, and

supplier, i.e. service provider.

The simulation model can be developed and configured separately to each individual
supplier to facilitate the roundtable negotiations process of exploring cost reduction
opportunities through continuous improvement where the participating parties (i.e. buyer
and individual supplier) can model process improvement initiatives and evaluate their
impact in terms of both cost and time savings that can be achieved as well as quantifying
service quality in terms of customer satisfaction. These measures would enable evaluating
the effectiveness of each proposed improvement initiative to service provision.
Implementation of the improvement opportunities will take place after the improvement

initiatives have been agreed and negotiations finalised.

One of the primary amendments relates to the duration of the contract. In the past
contracts in the case organisation were only valid for a period of 1 year at which point the
outsourcing process was repeated. An exploration of adversarial supplier selection
strategies (e.g. reverse auctions) has suggested that their repetitive nature have a number
of negative findings relating to difficulties maintaining strong partnerships and the
willingness of their partners to share information, (Gattiker et al. 2007). Under this
innovative approach, new contract partnerships are formed for a number of years — e.g.
3, 4, 5 etc. In addition to longer-term contracts, identified service improvements present
scope for continued cost reductions within the services. To execute these cost reduction
opportunities, parties must agree the terms and conditions of implementation, such as: the
responsibilities of each party, constraints under the new contract, agreed savings, and
more importantly a time plan for implementing each of the agreed cost reduction

initiatives. A tool like simulation has the modelling flexibility to capture costs based on
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a process to support profit sharing distributed over the life time of the contract based again
on collaborative negotiation, taking into consideration the risks and investments of both
parties, and more importantly can provide a rapid evaluation of wide array of process

improvement scenarios.

Business process model-based simulation tools, such as Bizagi, do not have the full
functions that exist in the traditional simulation packages. Although traditional simulation
packages can provide more features than Bizagi for certain systems, it might still be better
to use Bizagi in practice, because not all business users need a tool that is capable of
complex modelling. Sometimes, practitioners need simple and quick modelling that
provides readable and understandable results before evaluating the need for further
complexity. While in case Bizagi has the same features provided by traditional simulation
packages and is capable of providing similar results for the system under review, there is

a high possibility for selecting Bizagi based on its ease of use and fast modelling process.

The use of a BPMN-based approach has shown to be easy to use and practical for business
users as well as effective in terms of mapping the service process and allowing for
identifying the process improvement opportunities. This was evident during several
meetings with members from the case organization. However, some drawbacks were
observed while using the BPMN and BPSim using Bizagi to model and simulate the field
repair service provision. In general, model simplifications were needed to reduce the
possible paths and routings as well as to reduce the size of the model, which is aligned
with what (Proudlove et al. 2017) identified in their work. Moreover, a certain path
probability (gateway output percentage) cannot be set to zero, which was reduced based
on a process improvement and it was required to evaluate its impact. In addition, attributes
cannot be assigned to entities in order to distinguish different characteristics of calls such
as technician level required and its cost; product and failure types and its required repair

time; and response time required (SBD or NBD) and its inventory cost.

Based on conducting sensitivity analysis to the changing of weights distributed over the
identified criteria of the scoring model, it was found that weighting attribution is case
specific and has significant influence on initiatives prioritization. Hence, it is
recommended for practice to test both different scenarios and different preferences to

determine the best distribution of weights to ensure successful scoring model results. In
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addition, sensitivity analysis has proved to be essential to both the consistency and

reliability of the scoring model.

Based on using a data set provided by the case organization from an established market,
the framework proposed in Chapter Four has been tested. Although there is no significant
operational difference between both established and emerging markets, other significant
differences exist in terms of cultural and economic aspects. These differences include
lower quality standards, poorly developed infrastructure, less availability of resources,
local regulations, dramatic but unpredicted economic growth, little transparency in social
and political systems, higher costs for safety and security, and lower customer awareness.
Therefore, a data set from an emerging market would reflect the significant cultural and
economic differences which may affect the operations and accordingly some of the
parameters in terms of both magnitude and variability. Given these differences and the
expected uncertainty, service provision in emerging markets is expected to require longer
activity times and to have more variability. Variability would increase due to exceptions
and unexpected events such as incorrect address, inaccessible customer, invalid warranty,
incorrect diagnosis, and unsuccessful repair leading to less number of completed calls,
less time savings, less cost savings, and less customer satisfaction. Hence, emerging
markets might require collecting more data about activity times to better capture the
uncertainty. Moreover, in this case, design of experiments would be inevitable to identify

the factors that significantly affect the service provision.

6.7 Conclusions

Collaboration with partners, strategic longer-term partnerships, performance-based
contracting, application feedback, and continuous improvement are all reported as recent
areas of interest in the supplier selection literature, in particular, for service-based
systems. However, few buyer-supplier scenarios are built on a long-term platform and
even fewer tend towards combined collaborative evolvement and process improvement
over the contract lifecycle. Moreover, little attention is paid to the proposed application
of tools for continuous improvement in a collaborative manner within the supply chain
(Mayer et al. 2016). Therefore, there is a need for innovative decision support tools that

are able to capture and respond to the uncertainties accompanied with service-based
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systems. In order to support manufacturers, as service buyers, to make contracting

decisions and continuously improve it.

This chapter presents the implementation of continuous improvement, which is part of
the extended supplier selection framework proposed in Chapter Four, to be used in the
final stage of supplier selection for manufacturing-based field repair service contracting,
which can be used in a real-life. The aim of this implementation is to allow for the pre-
phase assessment of identified process improvements over the contract lifecycle to
achieve the overall goal of ongoing cost reductions and improved service quality. It also
allows for the identification of a schedule-driven implementation plan for the agreed
process improvements over the contract lifecycle. A collaborative negotiations is
conducted to provide a platform where the participating parties can explore cost reduction
opportunities and use the BPSim to model and quantify the savings which can be
achieved. BPSim is used to assess the impact of process improvements and test different
implementation plans through the rapid quantification of performance measures. In
addition, it can compare different scenarios for different implementation plans to identify

their effect on specified performance measures.

The research work conducted in this chapter contributes to a number of rising trends in
the supplier selection practice literature. It enables continuous improvement in field repair
service contracting which allows for the addition of an application feedback stage at the
final stages of a traditional supplier selection exercise. A practical and methodological
execution approach has been presented for the pre-phase assessment of implementing a
set of identified process improvements over the contracted period. This approach allows
for the identification of a schedule-driven implementation plan for the agreed process
improvements over the contract lifecycle. It also allows for annual evaluation and
adjustment of process improvements implementation plan during the contract lifecycle.
In addition, the approach facilitates developing and extending strategic partnerships
within service-based systems supply chains through long-term contracts based on
collaboration and information sharing. It also supports performance-based contracting of

outsourced service provision.

The proposed approach, through a set of structured procedures and the combined use of

BPMN standard for business process modelling and Bizagi software for business process
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simulation and business process analysis, enables to carry out the structured procedure.
Thus, allowing for achieving the overall goal of ongoing cost reductions and improved
service quality, which benefits both the buyer and supplier by allowing them

collaboratively to:

e Describe and analyse the service provision business process.

e Identify process improvement opportunities.

e Suggest process improvement initiatives.

e Evaluate the impact of each initiative.

e Prioritize the initiatives.

e Set schedule-driven implementation plan for the initiatives.

e Test the plan execution.

o Identify the contract duration.

e Set the contractual shared benefits based on the predicted cost savings.

e Evaluate and reschedule initiatives execution annually.

Using a data set provided by the case organization, the implementation of continuous
improvement; as part of the extended supplier selection framework proposed in Chapter
Four; has been tested. It showed room for cost savings that can be achieved emphasizing
the influence of field repair services on profit generation and proved to be effective for
improving field repair service contracting emphasizing the influence of effective
management of outsourced after-sales services on the organization profitability and
sustainability. Continuous improvement implementation, as proposed, facilitates the
implementation of agreed process improvements over the contract lifecycle where the
results show significant improvements in terms of ongoing cost reductions and improved
service quality. Significant results of continuous improvement implementation enhance
the effectiveness of performance-based contracting and extended strategic partnerships,

particularly within service-based systems and product service systems.

The combined use of BPMN and Bizagi demonstrated to be better than traditional
simulation packages for managers who are looking for easier, quicker, and practical tools
that can be easily used in the real-life. No technical background, i.e. computer

programming or simulation experience, is needed to use Bizagi. It provides seamless and
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rapid transition of a BPMN model to a DES model by eliminating simulation modelling
and development time, which can be influential during collaborative meetings and
negotiations with diverse stakeholders’ engagement or cross-party participation. In
addition, Bizagi can respond rapidly to changes and different scenarios, which is
necessary during such real time negotiations, allowing for better and quicker outcome
from the collaboration. Moreover, the use of Bizagi has proved to be effective in field
repair service provision business processes and manufacturing-based services

contracting.
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7 Conclusions and Recommendations for Future

Work

7.1 Introduction

From a study of the existing literature as reviewed in this thesis in relation to contracting
of outsourced after-sales field repair services associated with PSSs, it was found that such
services require more collaboration between both buyer and supplier than traditional
manufacturing relationships given the nature of service delivery, in particular the direct
interactions between the involved parties, and the different characteristics of the service
supply chains. In such servitized environments, there is a trending shift in contracting
focus from conventional contracts towards performance-based and longer-term contracts
as well as from hiring multiple suppliers towards collaborating with fewer strategic
partners. These contracts are based on effective information sharing across the PSS supply
network. However, there is a lack of published research to address collaborative long-

term buyer-supplier scenarios for service partner selection.

While the service sector grows in importance, collaboration and information sharing
between a manufacturer and its after-sales service supply network are only implemented
to a limited extent. The question of how to manage the process of services outsourcing is
lacking particularly in an era where current business environments are characterized by
strong innovations in company business models and in the management of value-creation
chains such as integrated products and service offerings, i.e. PSS offerings. These
observations highlight the need for the development of new methodologies for strategic
performance-based contracting of PSSs so as to enhance buyer-supplier relationships in
a collaborative-based environment and to improve the performance of both service

provision and the service supply chain as a whole.

Based on formal interactions with a large multinational computer manufacturing
organization who provides integrated products and service solutions to its customers. It
was found that in recognition of the growing importance of outsourced after-sales services
associated with PSSs, the company’s goal is to improve these services contracting

strategy. The company’s main aim is to build long-term relationships with suppliers to
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allow for profit generation for all parties while maintaining the quality of the provided
services with a specific focus on emerging markets, particularly those located in the
Middle East. Higher growth rates and higher potential sales, than established markets, are
among the main reasons for focusing on emerging markets. Recently, emerging markets
are considered as final destinations for consumer goods as well as services, which
represent a considerable opportunity for manufacturers and service providers to gain more
sales and achieve more profits from PSS provision. However, there is a lack of published
research to assess and analyse the provision of outsourced after-sales field repair services

associated with PSSs in emerging markets.

7.2 Conclusions

The main aim of this thesis was to review and analyse existing contracting activities for
outsourcing after-sales field repair services with a specific focus on the Middle Eastern
emerging markets and to assess the potential for improving after-sales field repair service
contracting through development of a continuous improvement approach. To address this
aim, the work in this thesis was carried out in three phases. The first phase aimed at
developing a generic contracting methodology for the outsourcing of field repair services
that can be used in both established and emerging markets. Although the ultimate
objective was to focus on the emerging markets, in-depth analysis of the case organization
has shown that using data from those markets is not the best approach for this study
because no reliable data is available. Hence, the second phase aimed at exploring field
repair service practices of a number of multinational manufacturers across various
industries in the Middle Eastern emerging markets using multi case study, i.e. secondary
case research. Based on the results of the second phase, little operational differences
between both established and emerging markets were identified; hence, it was decided to
use reliable data from an established market to test the contracting methodology in the
third phase. This aims at developing and testing new methodologies for improving field
repair service contracting, i.e. primary case research, which can be used in both

established and emerging markets.

The first phase included the development of a generic extended supplier selection
framework for use in the final stage of supplier selection for manufacturing-based field

repair service contracting, which can be used in both established and emerging markets.
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This framework includes a simulation-based collaborative roundtable negotiations
between both buyer (manufacturer) and supplier (service provider) to develop
performance-based and longer-term contracts, which are underpinned by continuous
improvement over the contract lifecycle. In addition, a practical and methodological

execution approach for the continuous improvement implementation has been developed.

The second phase included exploratory multi case evaluation of a number of existing
multinational manufacturing-based organizations and their field repair service models in
Egypt, as a representative Middle Eastern emerging market. This includes an analysis of
field repair service provision for different cases; a cross-case analysis for the similarities
and differences; and an identification of the current difficulties and potential
improvements based on cultural and economic differences between established and
emerging markets. The multi case analysis has proved to be effective in relation to
assessing field repair service provision. It was found that there is no significant
operational difference between field repair service provision in established and emerging
markets. Although there are some cultural and economic differences, the only operational
difference identified was in terms of less service offerings that typically vary based on
the available infrastructure and the level of technology adoption in each market. However,
internationalized manufacturers must deal with some unique challenges and difficulties
in emerging markets including lower quality standards, poorly developed infrastructure,
less availability of resources, local regulations, dramatic but unpredicted economic
growth, little transparency in social and political systems, higher costs for safety and
security, and lower customer awareness. Thus, findings of the secondary case research
enabled the use of data from an established market to analyse the contracting
improvements in the emerging markets as presented in the second phase. However, data
from an emerging market would be affected by these unique challenges and difficulties,
which requires collecting more data about activity times to better capture the expected

uncertainty.

To recap, the multi case study evaluation, secondary case research, has contributed to fill

a number of research gaps in the literature including the following:

e Introducing research to address the internationalization of PSSs, which is very

limited in the literature, particularly the sale of a physical product associated with
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bundled services. This study addressed a number of manufacturing-based
organizations providing PSSs in established markets and internationalized their
PSS into emerging markets.

e Advancing the research that investigates the PSS in emerging markets as
recommended by (Sousa-Zomer and Miguel 2016), particularly in relation to
after-sales field repair services. An exploratory multi case evaluation is presented
for a number of existing multinational manufacturing-based organizations and

their field repair service models in the Middle Eastern emerging markets.

The third phase included testing the developed framework using Company X data from
an established market. Hence, a BPMN model has been developed and translated to a
DES model using BPsim standard, which is considered as a simple tool to be used with
its associated simulation capabilities to predict the supplier performance. The combined
use of BPMN and BPSim has shown to be practical and effective during the collective
negotiations for modelling and simulation of the complexities of the after-sales field
repair service supply chain. It is easier and quicker than traditional simulation packages
for business managers in terms of capturing variability, rapid quantification of
performance measures, and comparing different scenarios without the need for technical
experience of modelling, simulation, and computer programming. In addition, the
combined use of BPMN and BPSim acts as a decision support tool and the prediction
base for how the service supply chain will perform based on the collective input
parameters provided by both buyer and supplier through rapid evaluation of a wide array
of alternative scenarios. This is pivotal in real-time negotiations and presents a strong

foundation for cross-party cooperation and collaboration into the future.

The extended framework is an innovative and novel contracting technique that leads to
enhanced performance and reduced costs over longer contract horizons, incorporating a
practical execution approach for continuous improvement implementation. Framework
testing in the case organization has shown to provide significant benefits, i.e.
improvements in terms of ongoing cost reductions and improved service quality, which

far exceed anything that was possible using traditional methodologies.
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Overall, the development of the framework and its testing within the case organization,
primary case research, have contributed to fill a number of research gaps in literature

including the following:

e Introducing an application feedback stage that incorporates an element of
continuous improvement as suggested by (Luo ef al. 2009; Wu and Barnes 2011),
at the final stages of a traditional supplier selection exercise. The primary
objective of this new phase is to identify the strengths and weaknesses of the
recently completed supplier selection process with a view to improving
subsequent supplier selection applications, as presented in the extended supplier
selection framework. The secondary objective is to allow for a pre-phase
assessment of the continuous improvement implementation to improve the current
contracting process, as presented in the execution approach.

e Developing contracting methodologies that support longer-term relationships
with fewer partners using continuous improvement approaches as suggested by
(Prajogo and Olhager 2012) instead of traditional adversarial relationships with
multiple suppliers. The extended supplier selection framework proposed in this
thesis includes a collaborative roundtable negotiation stage introduced for the
purpose of developing longer-term contracts with few number of suppliers which
are underpinned by continuous improvement over the contract lifecycle.

¢ Proposing application tools for collaborative continuous improvement in a service
supply chain, which were identified as few by (Mayer et al. 2016). The framework
proposed in this thesis includes continuous improvement application tool (i.e.
execution approach) to be used for collaboration between both buyer
(manufacturer) and supplier (service provider) in a PSS.

e Developing an execution-based approach for continuous improvement
implementation in a service context, which is not addressed in the literature
although its growing importance has been identified by (Audretsch et al. 2011).
The approach proposed in this thesis focuses on developing a practical method
that can be used in a real-life based the combined use of BPMN and BPSim to
enable and support continuous improvement implementation.

e Establishing and enhancing buyer-supplier relationship and strategic collaborative

partnerships in PSS-based environments based on collective negotiations and
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information sharing, which are limited in the literature as reported by (Saccani et
al. 2014). The framework proposed in this thesis includes collective collaborative
negotiations between both buyer (manufacturer) and supplier (service provider)
to improve both the efficiency and effectiveness of outsourced after-sales field
repair service contracting. This is based on effective information sharing
including service cost and process improvement opportunities.

Enhancing the role of after-sales services which were seen as an unwanted
additional cost of doing business as highlighted by (Agnihothri et al. 2002; Tang
et al. 2008) and illustrating the importance of field repair services. Ongoing cost
reductions and improved service quality achieved by testing the proposed
framework using a real case example have shown that both efficient and effective

provision of after-sales services can lead to profitable and sustainable PSS.

Eventually, based on the interactions with different organizations, the three phases have

contributed to the supplier selection and contracting practice as follows:

Exploring the after-sales field repair service practices in Egypt, as one of the main
emerging markets in the Middle East.

Assessing the differences between established and emerging markets in terms of
field repair service models.

Improving both efficiency and effectiveness of supplier selection and contracting
activities in a service triadic environment using performance-based contracting in

PSS-based environments.

7.3 Research Limitations

The limitations of the research presented in this thesis are presented as follows:

The extended supplier selection framework and the continuous improvement
approach proposed in this thesis were tested using data provided by the case
organization for an established market while the initial aim was to improve the
contracting activities for outsourcing after-sales field repair services with a
specific focus on the Middle Eastern emerging markets. Although it was

confirmed that from an operational perspective established and emerging markets
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are more or less the same, yet cultural and economic differences still exist and
might affect the framework outcome.

e The research presented in this thesis addressed the after-sales field repair service
supply chain by focusing on the service supplier (service provider) and excluding
the parts supplier (logistics provider).

e The research focused on cost savings achieved based on improving the supplier
(service provider) efficiency in providing services. Despite achieving significant
cost savings by implementing a set of identified process improvement initiatives,
the implementation impact of these initiatives on other supply chain partners (i.e.
logistics provider) has not been considered. As such additional costs or further
cost savings in the supplier selection and contracting process may exist but have
not been considered.

e The framework is based on cross-party participation of the buyer (manufacturer)
and supplier (service provider) which proved to be positive for both parties.
However, this might not be the case for some service providers in reality, i.e.

willingness to share sensitive data and information.

7.4 Recommendations for Future Work

A number of areas have been identified to extend the current research work. The
framework proposed in this thesis requires further testing to evaluate its sustainability
within the case organization and also using another data set from the case organization
that represents different established markets. In addition, further testing is required to test
the framework sustainability beyond the case organization, in particular to other PSS
configurations found in other organizations. More research is required to enhance the
proposed framework and its associated execution approach. This includes a decision
support tool to allow for selection of the best initiative from multiple initiatives for the
same improvement opportunity. Another avenue is to conduct analysis of variance to
identify the significance of all possible factors, i.e. contract duration, output service cost,
output service quality, number of initiatives, and required investment for each initiative,
on the contracting decisions. Moreover, conducting further analysis of service quality to
identify the performance measures that should be set by the buyer (manufacturer) to

control the outsourced service provision quality. Furthermore, the proposed framework
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is required to be tested using a real case example from an emerging market to test its
transferability from establishing to emerging markets. It also can be tested for its
applicability to contracting improvement of other service-based systems. Finally,
although the framework was tested and is trial-ready, trialling in an actual setting with

practitioners is a task for future work.
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34 | (Grzybowska et al. | Journal Transportation Real-time field service | Service Model-based | Simulation Electronic 0
2015) Research Record: | technicians scheduling | Planning Machinery
Journal of the problem with
Transportation emergencies &
Research Board collaborations
35 | (Lee et al. 2008) Conference | European and Delivering knowledge | Technology | Model-based | Multi-Agent Telecommunications | 0
Mediterranean management services Role Systems & Equipment
Conference on through multi-agent Case Study
Information systems technology
Systems
36 | (Vardar et al. 2004) | Conference | IIE Annual Capacity & location Service Model-based | Queuing & Semiconductor 0
Conference problem considering Planning Hypothetical Equipment
effects of remote Case Study
diagnostics technology
37 | (Macchi et al. Journal International Adoption of Technology | Model-based | System Machinery 0
2016) Journal of technologies for Role Dynamics,
Industrial and prognosis & health Simulation &
Case Study
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
Systems management to
Engineering enhance field services
38 | (Lehtonen et al. Journal Journal of Quality | Effect of information Service Case-based | NA Capital Goods 4
2012) in Maintenance availability on field Performance
Engineering service performance
39 | (Lehtonen and Ala- | Conference | International Use of ICT systems for | Service Case-based | NA Capital Goods 2
Risku 2005) Conference on better information Performance
Electronic availability in field
Business service
40 | (Rapaccini et al. Journal Production and Adoption of mobile Technology | Case-based | NA Printers - Canon 1
2014) Manufacturing collaborative Role
Research augmented reality
technology in field
service
41 | (Anim-Ansah ef al. | Conference | IEEE Conference | Capacity planning, Service Case-based | NA Telecommunications | 0
2006) Intelligent qualification planning Planning
Systems & deployment or
scheduling planning
42 | (Wang and Yow Conference | International Role of personal digital | Technology | Others NA NA 0
2011) Symposium on assistant in supporting | Role
Consumer field service
Electronics
43 | (Horvath et al. Journal Periodica Description of field Others Others NA Intelligent 0
1984) Polytechnica service system for Measuring
Electrical intelligent measuring Equipment
Engineering equipment
44 | (Youngman 2002) | Journal Road and Territories partitioning | Service Model-based | Mathematical | NA 0
Transport Planning Model
Research
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
45 | (Schepers et al. Journal Journal of Service | Virtual teams Technology | Survey- NA Document 6
2011) Research technology Role based Management
46 | (Voudouris et al. Conference | International Demand forecasting, Service Case-based | NA Telecommunications | 9
2007) Conference on capacity planning & Planning
Service Systems scheduling
and Service
Management
47 | (Finke et al. 2012) | Conference | International Performance Service Case-based Simulation NA 1
Conference on measurement systems Performance
Service Systems for industrial field
and Service service
Management
48 | (Hertz et al. 2012) | Conference | International Conceptual model for Service Case-based | NA NA 3
Conference on industrial field service | Planning
Service Systems networks planning
and Service
Management
49 | (Daeuble et al. Conference | Annual Hawaii Information needs Service Case-based | NA Machinery & Plant 2
2015) International during field service Performance Engineering
Conference on provision
System Sciences
50 | (Agnihothri et al. Journal International Guiding selection & Technology | Model-based | Framework & | Electronic 59
2002) Journal of Service | implementation of Role Case Study Equipment - DMI
Industry technological solutions
Management in field service
51 | (Jones 1986) Journal IEEE Journal on | Parts logistics quality Technology | Others NA Computer & 1
Selected Areas in | management Role Electronics
Communications

212




Aly Owida

University of Limerick

# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
52 | (Homer 1999) Journal Systems Technicians cross Service Model-based | System Semiconductor 14
Dynamics training Planning Dynamics, Equipment
Review Queuing &
Simulation
53 | (Blumberg 1981) Journal Omega: The Role of management Technology | Survey- NA NA 7
International information systems in | Role based
Journal of field service
Management productivity
Science improvement
54 | (Visintin and Conference | IFAC Flexibility Service Model-based | Simulation NA 0
Rapaccini 2009) Symposium on measurement in field Performance
Information service
Control Problems
in Manufacturing
55 | (Tesfay et al. 2013) | Conference | Local Computer Use of mobile Technology | Case-based | NA NA 3
Networks computing applications | Role
Workshop for better information
availability in field
service
56 | (Petrakis et al. Journal Decision Support | Field service Service Comparison- | NA Telecommunications | 11
2012) Systems scheduling with Planning based Equipment
priorities
57 | (Bijvank et al. Journal European Journal | Field service repair kit | Service Model-based | Mathematical | Office Automation 10
2010) of Operational problem Planning Model, Equipment
Research Optimization
& Case Study
58 | (Zerdin et al. 2011) | Book Intelligent Field service Service Model-based | Optimization | NA 0
Chapter Computational scheduling Planning
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
Optimization in
Engineering
59 | (Citrin and Gross Journal Computers and Role of personal digital | Technology | Others NA Telecommunications | 1
1996) Graphics assistant in supporting | Role Equipment
field service
60 | (Haugen and Hill Journal Decision Field service Service Comparison- | Simulation NA 14
1999) Sciences technicians scheduling | Planning based Experiment
- travelling technician
problem
61 | (Hertz and Sproedt | Conference | IFIP International | Decision support Service Case-based | Simulation NA 0
2013) Conference on system for industrial Planning
Advances in field service supply
Production networks planning
Management
Systems
62 | (Dzubow 1984) Conference | Annual Use of simulation for Service Comparison- | Simulation & | Computer 0
Symposium on evaluating field service | Design based Case Study
Simulation strategic planning
methodology
63 | (Uhlmann et al. Journal Procedia CIRP Use of business process | Technology | Model-based | Business NA 1
2016) models & ICT for Role Process
situation adapted field Modelling
service support
64 | (Zarnani et al. Conference | IEEE Symposium | Selection of facility Service Model-based | Optimization | NA 7
2007) on Computational | locations in field Planning
Intelligence and service
Data Mining
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
65 | (Blumberg 1994) Journal The Service Role of technological Technology | Survey- NA Multiple 26
Industries Journal | advances in improving | Role based
field service operations
66 | (Zhao et al. 2014) Journal Applied Scheduling problem in | Service Model-based | Mathematical | Agriculture 0
Mechanics and field service of Planning Model, Machinery
Materials agricultural machinery Simulation &
Numerical
Case
67 | (Kellett 2005) Conference | International Analysing technology Technology | Others NA NA 0
Conference on revolution in geo- Role
Electricity spatial applications &
Distribution mobile computing
platforms
68 | (Lin, Lee, et al. Conference | IEEE Autotestcon | Economic analysis of Service Model-based | Mathematical | Computer & 1
2005) field service Performance Model Electronics
69 | (Hull and Cox Journal International Field service function: | Service Case-based | NA Computer & 27
1994) Journal of organization/strategy, Design Electronics
Production management
Economics information system &
service parts
70 | (Stieger and Conference | International Role of knowledge Technology | Case-based | NA NA 2
Aleksy 2009b) Conference on management Role
Digital technologies in field
Information service processes
Management
71 | (Eikerling et al. Conference | International Using proximity Technology | Others NA NA 3
2007) Workshop on relations for supporting | Role
Engineering of mobile field services
Software Services
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
for Pervasive
Environments
72 | (Stieger and Conference | International Role of knowledge Technology | Case-based | NA NA 3
Aleksy 2009a) Multiconference | management Role
on Computer technologies in
Science and improving field service
Information
Technology
73 | (Hori et al. 1999) Journal IEICE Utilizing repair cases to | Technology | Model-based | Case-Based Home Electrical 2
Transactions on build diagnostic system | Role Reasoning Appliances
Information and
Systems
74 | (Beniaminy et al. Book Bio-inspired Vehicle routing Service Others NA NA 3
2009) Chapter Algorithms for problem with time Planning
the Vehicle windows in field
Routing Problem | service scheduling
75 | (Agnihothri et al. Journal Journal of the Field service Service Model-based | Queuing & NA 25
2003) Operational technicians cross Planning Simulation
Research Society | training decisions
76 | (Armistead and Journal International Formulating after-sales | Service Model-based | Framework & | Multiple 8
Clark 1991) Journal of service strategy Design Case Studies
Operations &
Production
Management
77 | (Legnani et al. Journal Production Configuring after-sales | Service Model-based | Framework & | NA 25
2009) Planning & service processes Design Case Studies
Control
78 | (Hertz et al. 2011) | Conference | International Process reference Service Case-based | NA Machinery NA
Conference- model for field service | Design
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
Advances in network design &
Production planning
Management
Systems
79 | (Byrne et al. 2013) | Journal Computers and Field service Others Action- Simulation & | Computer 8
Industrial contracting based Case Study
Engineering
80 | (Watson et al. Journal Decision Field service capacity Service Case-based Queuing & Document 17
1998) Sciences requirements for Planning Simulation Processing - Xerox
response time planning
81 | (Cohen et al. Journal Interfaces Role of dynamic asset Service Case-based | NA Telecommunications | 35
2006b) deployment in field Planning - Networking
service delivery
82 | (Wickramasinghe Journal International Field service Service Survey- Case Study Home Appliances 1
and Mathusinghe Journal of performance analysis Performance | based
2016) Consumer
Studies
83 | (Murali and Journal Vels Journal of Field service Service Survey- Case Study Home Appliances NA
Pugazhendhi 2015) Mechanical importance & Performance | based
Engineering performance analysis
84 | (Wilson et al. Journal Industrial Description of field Others Case-based | NA Capital Goods 16
1999) Marketing service system across
Management national cultures
85 | (Saccani et al. Journal International Configuring after-sales | Service Case-based | NA Consumer Goods 55
2007) Journal of service supply chain Design
Production
Economics
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
86 | (Amini et al. 2005) | Journal International Field repair service Service Model-based | Mathematical | Medical Devices 75
Journal of system design: Planning Model & Case
Production inventory planning & Study
Economics location planning for
parts & technicians
87 | (Blumberg 1991) Journal National Role of technology in Technology | Case-based | NA Drink Dispenser NA
Productivity advancing field service | Role Machines
Review management systems to
improve field service
quality
88 | (Saccani et al. Journal IMA Journal of Field service repair kit | Service Model-based | Optimization, | Office Equipment 4
2017) Management problem Planning Simulation &
Mathematics Case Study
89 | (Karandikar and Conference | International Product & process Technology | Case-based | NA NA 1
Vollmar 2006) Conference on technology role in Role
Service Systems | growing & improving
and Service industrial field service
Management business
90 | (Karandikar and Journal Industrial Role of technology in Technology | Case-based | NA Capital Goods 20
Vollmar 2006) Marketing improving field service | Role
Management delivery & changing an
organization
91 | (Lin and Ambler Conference | IEEE Conference | Maintenance policy Service Model-based | Decision Tree | Computer & NA
2005c¢) on Control design for field repair Design Model & Electronics
Applications service Simulation
92 | (Cohen et al. 1990) | Journal Interfaces Field service multi- Service Case-based | NA Computer NA
echelon inventory Planning
system
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# | Author(s) & Year | Journal/ Title of Journal / | Research Topic General Research Other Industry Scopus
Conference | Conference / Research Method Methods and Citations
/ Book Book Area Models
Chapter
93 | (Hertz and Finke Conference | International Review of planning Service Review- NA Machinery NA
2011) Research problems for after-sales | Planning based
Symposium in field service network
Service design
Management
94 | (Finke and Hertz Conference | International Uncertainties in field Others Review- NA Plant Engineering NA
2011) Research service networks based
Symposium in
Service
Management
95 | (Cohen et al. Journal Harvard Business | After-sales field service | Service Others NA Telecommunications | 225
2006a) Review networks management | Design - Networking
for success
96 | (Vossing 2017) Conference | IEEE 19th Field service technician | Service Review- NA NA 0
Conference on planning Planning based
Business
Informatics
97 | (Avraham et al. Journal Transportation Allocation of service Service Model-based | VCG NA 0
2017) Research Part B calls to technicians Planning Mechanism &
Numerical
Case
98 | (Rahimi-Ghahroodi | Journal OR Spectrum Integrated spare parts Service Model-based | Queuing, NA 0
et al. 2017) inventory management | Planning Integer
& service engineers Programming
planning & Case Study
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Appendix 2 — Field Repair Service Performance
Measures

Table A2- 1: Field repair service operational performance measures from literature.

Operational Measures

Literature
Reference

Response Time
Queue Time

Travel Time
Answering Time
Tardiness

Repair Time

First Time Fix Rate
Percentage of
Deferred Calls
SLA Compliance
Product Availability
Technician
Utilization
Inventory Turnover
Job fill rate

Part Fill Rate

* |Down-Time

(Blumberg 1981)

(Dzubow 1984)

(Blumberg 1991) | - . . .

(Hill 1992) . - .

(Klimberg and
Van Bennekom . .
1997)

(Behara and
Lemmink 1997)

(Watson et al.
1998)

(Homer 1999) . . . .

(Haugen and Hill
1999)

(Hori et al. 1999) .

(Lin et al. 2002) . .

(Agnihothri et al.
2002)

(Zackariasson and
Wilson 2004)

(Lehtonen and
Ala-Risku 2005)

(Lin and Ambler
2005¢)

(Lin and Ambler
2005b)

(Lin, Williams, et
al. 2005)

(Cohen et al.
2006b)

(Zarnani et al.
2007)

(Rapaccini et al.
2008)

(Tang et al. 2008) | - .

(Visintin and
Rapaccini 2009)

(Bijvank et al.
2010)
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Operational Measures
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(Finke and Hertz .
2011)
(Finke et al. 2012)| - . . . . . .
(Colen and . .
Lambrecht 2012)

(Lehtonen et al.
2012)

(Hertz and
Sproedt 2013)

(Lietal 2014)

(Hertz et al. 2014)

(Wickramasinghe
and Mathusinghe
2016)

(Zhou et al. 2016)

(Saccani et al.

2017)
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Table A2- 2: Field repair service financial and service quality performance measures from
literature.

Financial Measures Service Quality Measures
3
2 =
Literature Reference B L& | F -5 | E 2 = >
I e cE S| 25| 3 =g, | 3
ZE|l=| 2| E&| O | ES | 20| E88 |3
| 8|l | B8| 8% | 22| 85| ES| g5 |%
2 5| 2| 2| 25| 85| 25| E5| 853 | B
O | g|O | < ]| O | an|am | OF | Zam | &
(Behara and Lemmink
1997) . . . . . . . . .
(Lin et al. 2002) .
(Agnihothri and Mishra .
2004)
(Lin, Lee, et al. 2005) .
(Lin and Ambler 2005a) .
(Lin and Ambler 2005c) .
(Lin, Williams, et al. 2005) | -
(Lehtonen and Ala-Risku .
2005)
(Voudouris et al. 2007) . .
(Zarnani et al. 2007) .
(Rapaccini et al. 2008) . . . .
(Visintin and Rapaccini .
2009)
(Finke et al. 2012) . . . .
(Hertz et al. 2012) .
(Lehtonen et al. 2012) .
(Byrne et al. 2013) . .
(Lietal 2014) .
(Murali and Pugazhendhi . .
2015)
(Owida et al. 2016) . .
(Wickramasinghe and
Mathusinghe 2016)
(Zhou et al. 2016) . . .
(Saccani et al. 2017) .
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Appendix 3 — Interviews Documentation

Company 1

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1)

2)

3)

4)

S)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty, extended warranty, or repair-based.

What are your field repair service offerings?
Offered services are 2hr, 4hr, and NBD.

What is the structure of your field repair service supply network?
Call centre, technical support team, dispatchers, field technicians, and logistics

team.

Do you insource or outsource your field repair services or you do both?
Outsource.

Do you stock your parts internally or externally?
Externally and we offer customer replaceable units.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

The customer rings the call centre where a call handler checks product information

and provides assistance to the customer over the phone. Then, the call is forwarded
to the technical support team for more diagnosis and to identify whether a field
visit is required or not. A dispatcher assigns the call to a field technician who
travel to the customer location to perform the repair service. In case of same
business day visit, the logistics provider sends the required parts directly to the
customer location while in the case of next business day visit, the field technician
collects parts from a central inventory location on the morning of the visit. In some
cases, technical support team identify the required parts and asks the logistics
provider to send them directly to the customer who can replace them without the
need for a field technician.

How do you measure your field repair services performance?
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Cost, performance (mainly response time), and customer experience.

10) How do customers evaluate your service delivery?
Meet the contract SLA by not only arriving at the customer site but repairing the

product as well and bring it up and running from the first visit.

11) What is the biggest difficulties you face during service provision?
The trade-off between dispatching large number of parts to increase the possibility

of first time repair success rate (96-99%) which incurs the company high cost or
dispatch small number of parts to reduce the parts cost but the first time repair
success rate will drop down by 20%.

12) What are your suggestions for improving your service delivery?
Reduce repeat visits by improving diagnosis and improving repair.
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Company 2

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

5)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty, extended warranty, or maintenance agreement (repair-based).

What are your field repair service offerings?
Offered services provide coverage time (11/5 or 24/7) and response time (2hr, 4hr,

SBD, or NBD).

What is the structure of your field repair service supply network?
Call centre, technical support team, dispatchers, engineering team, warehousing

team, and courier.

Do you insource or outsource your field repair services or you do both?
Insource.

Do you stock your parts internally or externally?
Internally and we offer customer replaceable units.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

The call centre receives customer calls, identify customer and issue details, and

forwards the call to the technical support team. Technical support representative
contacts the customer to diagnose the issue, identify the required parts, develop
action plan, and forwards the call to the dispatch centre. A dispatcher assigns the
call to a field engineer and allocates the required parts. The field engineer contacts
the customer to schedule a visit, travels to the customer location, and repair the
failed product. The warehousing team contacts the assigned engineer to arrange
the delivery of the required parts or send them directly to the customer location if
they can be replaced by the customer without the need of a field engineer. Parts
delivery is provided by a courier.

How do you measure your field repair services performance?
The field performance measures are the fixing time and response time.

10) How do customers evaluate your service delivery?

The response time and the fixing time.
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11) What is the biggest difficulties you face during service provision?
Customer mind-set and not knowing his duties.

The attitude of calling the field technicians to do his work.

12) What are your suggestions for improving your service delivery?
Continuous training and personal development.
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Company 3

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

5)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Repair services are field-based.

How do you get paid for the provided field repair services?
Via basic warranty, extended warranty, or maintenance agreement (repair-based).

What are your field repair service offerings?
Service types offered are Premium, Enhanced, and Basic which give the customer

the choice between different coverage times (9/5 or 24/7), different covered
services, and different response times. Enhanced service provides NBD response
within business hours. Premium service provides 2hr response and 24/7 coverage.

What is the structure of your field repair service supply network?
Remote support engineers with multiple levels, field engineers, and logistics

provider.

Do you insource or outsource your field repair services or you do both?
Both options are available and co-exist in the same market.

Do you stock your parts internally or externally?
Externally and we offer customer replaceable units.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

Faults and errors are reported either automatically or manually, it is then

diagnosed by remote support team and dispatched to field engineers for corrective
actions if any, in some cases remote support engineers takes the corrective actions

remotely whether using the phone or via team viewer.

Automatically: the machine itself connects to the system and report an error with
no human intervention.

How do you measure your field repair services performance?
Number of KPIs including duration of service, response time, and customer

satisfaction. Customer satisfaction is measured by a survey conducted either via

phone or email.

10) How do customers evaluate your service delivery?
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Response time and recovery (down) time. The response time is the time for
arriving at the customer premise and the recovery time is the time to fix the issue.

11) What is the biggest difficulties you face during service provision?
When root cause of the problem is not easily identified because of an intermittent

problem or very complex environment with multiple products from different
vendors are involved. All IT solutions are always provided by using different
vendors to provide their products to form the IT solution to the customer.
Problems can be from our products or due to communication problems with
machines from another vendor in the same solution. Here the technician is
responsible to identify that the problem source is not from his products and from
another vendor. Then ask the customer to contact the other vendor.

12) What are your suggestions for improving your service delivery?
Deep and continuous analysis of field KPIs to take proper corrective actions on

time. Mainly for fixing time, field response time, and customer satisfaction.
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Company 4

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

S)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty, maintenance agreement, or repair-based.

What are your field repair service offerings?
Single service type is offered.

What is the structure of your field repair service supply network?
Call centre, field technicians, and warehousing team.

Do you insource or outsource your field repair services or you do both?
Outsource.

Do you stock your parts internally or externally?
Externally.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

The customer contacts the hotline for support. A call handler checks the details of

the customer and the issue. Accordingly, a field technician is sent to the customer
location to repair the failed product and takes with him parts based on the details
recorded by the call handler.

How do you measure your field repair services performance?
Customer satisfaction and service cost.

10) How do customers evaluate your service delivery?

Response time and repair time.

11) What is the biggest difficulties you face during service provision?

The seasonality of demand.

12) What are your suggestions for improving your service delivery?

Encourage customers to do regular checks and maintenance especially for large

equipment and equipment operating in critical locations.
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Company 5

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

5)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based mainly and facility-based in rare cases.

How do you get paid for the provided field repair services?
Basic warranty, extended warranty, maintenance agreement (repair-based), rental,

or output.

What are your field repair service offerings?
Single service type.

What is the structure of your field repair service supply network?
Technical support team, engineering team, and warehousing team.

Do you insource or outsource your field repair services or you do both?
Outsource and resident technician is offered.

Do you stock your parts internally or externally?
Externally and customer can stock parts.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

Customers call the technical support team to report an issue. Critical equipment

are connected via a satellite to automatically report the occurrence of a problem.
Technical support team provides phone support to the customer where there are
backup parts stocked at the customer site than can be used to resolve the issue. In
case the fault is not resolved, an engineer travels to the customer location to
perform the service. The warehousing team is responsible for provision of the
required paerts.

How do you measure your field repair services performance?
Re-do time and customer satisfaction.

10) How do customers evaluate your service delivery?

Customer care (taking actions by providing substitution for failed products),

response time, first time repair success ratio, and special discounts on parts.

11) What is the biggest difficulties you face during service provision?

e Rural areas require certain tools which cannot be transferred.
e Long repair time for complex products.
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e Unqualified customer operator, unchanging of consumables on time, or
unfollowing service recommendations.

12) What are your suggestions for improving your service delivery?

e Continuous training and engagement with customers to keep good link with
the customer and his operation team.

e Reducing technical team turnover and continuous training better service
efficiency.
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Company 6

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

5)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Service cost is included in the rental agreement.

What are your field repair service offerings?
Single service type for all customers; however, the response time is determined

based on the severity of the issue.

What is the structure of your field repair service supply network?
Customer, technical support, field engineers, and vendor.

Do you insource or outsource your field repair services or you do both?
Insource, any field service is fulfilled by the company’s field engineers.

Do you stock your parts internally or externally?
Don’t stock parts.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

In case of system failure, customer submits a ticket online and the technical

support team accesses the system remotely. Also a contact between the technical
support team and the customer via phone and/or web could happen to follow up
the issue. If the problem is not identified (due to power or connection failure),
field engineer is sent to the site and if the problem is identified as a hardware issue,
a field engineer from the device vendor is sent to the site and replace the whole
device or part of it.

How do you measure your field repair services performance?

As a service owner, we are measuring the field repair services performance
through the following points that we must meet including response time, repair

time, cost and how they can achieve the customer satisfaction.

10) How do customers evaluate your service delivery?

From the customer’s point of view include cost, how many times you breach the

SLA for an incident (response time and backlog), and product availability.

11) What is the biggest difficulties you face during service provision?
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e Finding qualified field engineers.
e Low personal safety index in some countries.
e Natural disasters (for customers with no disaster recovery service).

12) What are your suggestions for improving your service delivery?

e Periodical training for the field engineers to keep them up-to-date.

e Penetrate more territories to allocate field engineers to cover more countries
(will reduce the cost/visit but keep in mind the field engineer utilization to
avoid salaries overhead compared to the service revenue and the visit cost).

233



Aly Owida University of Limerick

Company 7

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

S)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty (1 year), extended warranty, or repair-based.

What are your field repair service offerings?
Single service type is offered.

What is the structure of your field repair service supply network?
Technical support team, field technicians, and logistics team.

Do you insource or outsource your field repair services or you do both?
Outsource and resident technician is offered.

Do you stock your parts internally or externally?
Externally and customer can stock parts.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

In case of failure, the customer contacts the technical support team where a

personnel diagnoses the problem over the phone support. Then, a field engineer
travels to the customer location to complete the diagnosis and resolve the problem.
The logistics team is responsible for stocking parts and their delivery.

How do you measure your field repair services performance?
Customer satisfaction and service cost.

10) How do customers evaluate your service delivery?

Down-time.

11) What is the biggest difficulties you face during service provision?

Some customers do not perform regular maintenance and do not replace

consumables on time, which lead to more frequent failures.

12) What are your suggestions for improving your service delivery?

Improving customers’ awareness and encouraging them to perform regular checks

and maintenance.
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Company 8

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

S)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty, extended warranty, and repair-based. In addition, lease and output

in terms of tonnage.

What are your field repair service offerings?
Single service type is offered; however, it is negotiable if a customer has special

needs.

What is the structure of your field repair service supply network?
Technical support team, field technicians, and logistics team.

Do you insource or outsource your field repair services or you do both?
Both and resident technician is offered.

Do you stock your parts internally or externally?
Both and customer can stock parts.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

The customer contacts the technical support team in case of a problem where

phone support is provided. The company stocks backup parts at the customer site
to minimize the lead time and shipping costs as well as to avoid long down-time
for critical products especially for products operating in rural areas. The logistics
team is responsible for managing parts inventory and for their delivery.

How do you measure your field repair services performance?
Cost, customer complaints (satisfaction), product availability, and repair time.

10) How do customers evaluate your service delivery?

Cost, repair time, mean time between failures (product availability), and response

time.

11) What is the biggest difficulties you face during service provision?

Customers use unskilled labour, delayed payments for servicing uncovered

products, and shortage of parts.

12) What are your suggestions for improving your service delivery?
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Continuous training for field technicians and operators, using of proactive and
condition based maintenance, secure long-term service agreements with

customers, and use of second hand equipment as a standby to reduce down-time.
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Company 9

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

S)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty, extended warranty, or maintenance agreement (repair-based).

What are your field repair service offerings?
Single service type.

What is the structure of your field repair service supply network?
Call centre, field technicians, and logistics team.

Do you insource or outsource your field repair services or you do both?
Insource but resident technician is offered.

Do you stock your parts internally or externally?
Internally but customer can stock parts.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

The customer contacts the call centre in case of a problem with the system where

a call handler records the required details and assigns a field technician to the call.
The field technician travels to the customer site and repair the system. The
logistics team arranges with the field technician to provide him with the required
parts.

How do you measure your field repair services performance?
Customer safety and customer satisfaction.

10) How do customers evaluate your service delivery?

Response time.

11) What is the biggest difficulties you face during service provision?

Customer mind-set.

12) What are your suggestions for improving your service delivery?

Encouraging customer to perform regular checks and maintenance.
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Company 10

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

5)

6)

7)

8)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty, extended warranty, repair-based, rent, or output in terms of

number of copied papers. Contract can be parts and ink inclusive or exclusive.

What are your field repair service offerings?
Mainly basic services while premium services are offered to special customers.

What is the structure of your field repair service supply network?
Technical support team, field technicians, and logistics team.

Do you insource or outsource your field repair services or you do both?
Outsource and resident technician is offered.

Do you stock your parts internally or externally?
Externally and customer can stock parts. In addition, come parts can be replaced

by the customer without the need for a technician.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

When a failure occurs the customer calls technical support team who ask for full

description of the failure trying to resolve it remotely or to diagnose it. Based on
the diagnosis, technical support team identify the required parts. Customer details
is recorded and forwarded to the field technician working in the region where the
customer site exists. The required parts are allocated in a central inventory
location for each region or for multiple regions. The field technician picks up the
required parts and travel to the customer site to resolve the failure. In case of
unsuccessful repair attempt, most probably another part is required which can be
delivered directly to the customer site or a repeat visit is scheduled. In rare cases
of unsuccessful repairs, the copier needs to be replaced. The company offers a
standby copier or a resident technician and spare parts at the customer site based
on an agreement with the customer depending on the criticality of the copier to

the customer (e.g. a school asks for a standby copier during exams). However,
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some customers request standby copier or resident technician and spare parts at
all times not seasonally.

9) How do you measure your field repair services performance?
Response time and machine availability.

10) How do customers evaluate your service delivery?
Recovery time (down-time).

11) What is the biggest difficulties you face during service provision?
Uncooperativeness of customers where the quality and accuracy of describing

failures are vital in repair procedures and can minimize down-time.

12) What are your suggestions for improving your service delivery?
Assigning an employee to the machine to be responsible for it and help the

technical support team by reporting failures remotely.
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Company 11

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1)
2)

3)

4)

S)

6)

7)

8)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Mainly field-based while facility-based is provided for small and portable tools.

How do you get paid for the provided field repair services?
If it is under basic warranty (1% year) it will be free of charge, unless it is a misuse

it will be paid after the job is completed. The regular process is to perform the
primary inspection, quote the customer, and we shall proceed after receiving the
purchase order. Neither extended warranty nor maintenance agreement are offered
to the customer. After the expiry of the basic warranty, the company provides
repair services based on the customer request and priced based on the required
repair.

What are your field repair service offerings?
Due to the fact that our portfolio includes more than 3,000 tools so it depends

upon the tool and ranges from 24 hours up to 1 week. No replacement is offered
but usually the customer has multiple pieces of each tool; however, in case of
expensive tool failure the company guarantees the delivery of new one within 48
hours.

What is the structure of your field repair service supply network?
Call handlers, field engineers, and warehousing team.

Do you insource or outsource your field repair services or you do both?
Everything is in house for strategic reasons.

Do you stock your parts internally or externally?
Internally for strategic reasons.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

A customer asks for a service, so the technical support department check the

customer request and the product then submit a quotation if the warranty is
expired. Once the quotation is approved by the customer, the field engineer travels
to the customer location to perform the desired repair service. For some tools,

diagnosis might be done remotely.
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9) How do you measure your field repair services performance?
His performance is based on the repair time and cost.

10) How do customers evaluate your service delivery?
Response time is the most crucial factor, as production line could stop if it is a

major breakdown.

11) What is the biggest difficulties you face during service provision?
The main factors are external: customs and foreign currency.

12) What are your suggestions for improving your service delivery?
In order to improve our service delivery, we are now doing our best to educate our

customers and specially in the preventive maintenance area, as our tools are
quality products but customers use them to the maximum limit and they do not
pay attention to the preventive maintenance as they think it is an extra cost, but

actually it will have huge savings on the long-run.
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Company 12

The interview schedule, which may be face to face, by telephone or by other electronic

media, is shown as follows:

1y

2)

3)

4)

5)

6)

7)

8)

9)

Do you provide after-sales repair services to your customers?
Yes.

The provided repair services are field-based or facility-based?
Field-based.

How do you get paid for the provided field repair services?
Basic warranty, maintenance agreement (could include consumables), or repair

based.

What are your field repair service offerings?
Single service type with response during 48 hours.

What is the structure of your field repair service supply network?
Customer, call centre, field technicians, and warehousing team.

Do you insource or outsource your field repair services or you do both?
Outsource.

Do you stock your parts internally or externally?
Externally.

Would you please explain the provision of your field repair service delivery
process (i.e. showing the required activities; their sequence; and the different
possible interactions, decisions, and flows)?

Customer requests service by contacting the call centre. A call handler checks the

customer details and assigns a field technician to the call. The field technician
visits the customer to repair the product. The warehousing team is responsible for
managing the inventory of parts and provides the field technician with the required
parts before travelling to the customer location.

How do you measure your field repair services performance?
Customer satisfaction and product availability.

10) How do customers evaluate your service delivery?

Product availability and response time.

11) What is the biggest difficulties you face during service provision?

Unskilled labour

Customer awareness and mind-set.

12) What are your suggestions for improving your service delivery?

Better selection of technicians, continuous training and development of

technicians, and encouraging customers to perform regular maintenance.
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Appendix 4 — Basic BPMN Modelling Elements

Table A4- 1: Basic BPMN modelling elements.

Element

Description

Notation

Event

An Event is something that “happens”
during the course of a Process or a
Choreography. These Events affect the
flow of the model and usually have a
cause (frigger) or an impact (result).
Events are circles with open centers to
allow internal markers to differentiate
different triggers or results. There are
three types of Events, based on when they
affect the flow: Start, Intermediate, and
End.

O

Activity

An Activity is a generic term for work
that company performs in a Process. An
Activity can be atomic or non-atomic
(compound). The types of Activities that
are a part of a Process Model are: Sub-
Process and Task, which are rounded
rectangles. Activities are used in both
standard Processes and in
Choreographies.

Gateway

A Gateway is used to control the
divergence and convergence of Sequence
Flows in a Process and in a
Choreography. Thus, it will determine
branching, forking, merging, and joining
of paths. Internal markers will indicate
the type of behavior control.

Sequence
Flow

A Sequence Flow is used to show the
order that Activities will be performed in
a Process and in a Choreography.

|

Message
Flow

A Message Flow is used to show the flow
of Messages between two Participants
that are prepared to send and receive
them. In BPMN, two separate Pools in a
Collaboration Diagram will represent the
two Participants (e.g., PartnerEntities
and/or PartnerRoles).

Association

An Association is used to link
information and Artifacts with BPMN
graphical elements. Text Annotations and
other Artifacts can be Associated with the
graphical elements. An arrowhead on the
Association indicates a direction of flow
(e.g., data), when appropriate.
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Element Description Notation

A Pool is the graphical representation of a
Participant in a Collaboration. It also acts
as a “swimlane” and a graphical container
for partitioning a set of Activities from
other Pools, usually in the context of B2B
situations. A Pool MAY have internal
details, in the form of the Process that
will be executed. Or a Pool MAY have no
internal details, i.e., it can be a "black
box."

Pool

Name

Name

A Lane is a sub-partition within a
Process, sometimes within a Pool, and
will extend the entire length of the
Process, either vertically or horizontally.
Lanes are used to organize and categorize
Activities.

Name

Lane

Name

Data Objects provide information about
what Activities require to be performed
and/or what they produce, Data Objects
Data Object | can represent a singular object or a
collection of objects. Data Input and Data
Output provide the same information for
Processes.

A Message is used to depict the contents
of a communication between two

Message Participants (as defined by a business
PartnerRole or a business PartnerEntity).
A Group is a grouping of graphical
Group (a elements that are within the same
box aI; ound Category. This type of grouping does not ST T T T T - \
a oroud of affect the Sequence Flows within the | .
sroup Group. The Category name appears on I I
objects the diagram as the group label. Categories | '
within the e . ! ‘
same can be used for documentation or analysis i |
purposes. Groups are one way in which — /
category) . . .
Categories of objects can be visually
displayed on the diagram.
;:;to tation Text Annotations are a mechanism for a
(attached modeler to provide additional text _|:Text
. information for the reader of a BPMN '
with an Diaeram
Association) gram.
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Appendix 5 — Sensitivity Analysis

Table AS- 1: Neutral preference scenario scoring model.

Improvement Initiatives
1 2 3 4 5 6 7 8 9

# Criteria Weight

| | Annual Cost 0.143 | 31| 86| 49| 65| 100| 58| 27| 15 0
Savings Percentage

o | Customer 0143 4| 9| 7| 7| 10] 79| 10| 3| 0
Satisfaction
Initiative

3 | Implementation 0.143 68 0 0 99 | 100 | 100 | 100 | 100 | 100
Cost
Initiative

4 | Implementation 0.143 67 33 0 33 33 | 100 | 100 | 100 | 100
Time
Return on

5 Investment - ROI 0.143 0 0 0 19 38 69 | 100 59 7
Annual Number of

6 Completed Calls 0.143 0 53 62 43 78 44 32| 100 49

7 | Annual Time 0143 | 62| 82| 50| 65| 100| 58| 27| 15| ©
Savings Percentage

Score 1.0 | 33.1 | 37.6 | 24.0 | 47.3 | 72.7 | 72.6 | 69.4 | 56.0 | 36.6

Table AS- 2: Operational preference scenario scoring model.

Improvement Initiatives
1 2 3 4 5 6 7 8 9

# Criteria Weight

| Annual Cost 0.025| 31| 8| 49| 65| 100| 58| 27| 15 0
Savings Percentage

p | Customer 0025 4| o| 7| 7] 10| 79100 3| o0
Satisfaction

Initiative
3 | Implementation 0.025 68 0 0 99 | 100 | 100 | 100 | 100 | 100
Cost

Initiative
4 | Implementation 0.300 67 33 0 33 33| 100 | 100 | 100 | 100
Time

Return on
5 Investment - ROI 0.025 0 0 0 19 88 69 | 100 59 7

Annual Number of
6 Completed Calls 0.300 0 53 62 43 78 44 32| 100 49

7 | Annual Time 0300 62| 8| 50| 65[ 100] 58| 27| 15 0
Savings Percentage

Score 1.0 | 41.3 | 52.8 | 35.0 | 47.1 | 70.8 | 68.3 | 55.9 | 69.0 | 47.4
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Table AS- 3: Financial preference scenario scoring model.

Improvement Initiatives
1 2 3 4 5 6 7 8 9

# Criteria Weight

| Annual Cost 0300 | 31| 86| 49| 65| 100| 58| 27| 15 0
Savings Percentage

Customer

2 | Gorisaegio 0.025 41 9 7 71 10] 79| 100 3 0
Initiative

3 | Implementation 0.300 | 68 0 0 99| 100| 100 | 100 | 100 | 100
Cost
Initiative

4 | Implementation 0.025 | 67| 33 0| 33| 33| 100 100 | 100 | 100
Time

5 | Return on 0.300 0 0 ol 19| 88| 69| 100 | 59 7

Investment - ROI
Annual Number of

6 | Completed Calls 0.025 0| 53| 62| 43| 78| 44| 32| 100| 49
7 | Annual Time 0025 | 62| 8| 50| 65| 100] 58| 27| 15 0

Savings Percentage
Score 1.0 | 33.0 [ 30.2 | 17.7 | 58.6 | 91.9 | 75.1 | 74.6 | 57.7 | 35.8

Table AS- 4: Quality preference scenario scoring model.

Improvement Initiatives
1 2 3 4 5 6 7 8 9

# Criteria Weight

| | Annual Cost 0017 | 31| 8| 49| 65| 100| 58| 27| 15 0
Savings Percentage

Customer

2 Satisfaction 0.900 4 9 7 7 10 79 | 100 3 0
Initiative

3 | Implementation 0.017 68 0 0 99 | 100 | 100 | 100 | 100 | 100
Cost
Initiative

4 | Implementation 0.017 67 33 0 33 33| 100 | 100 | 100 | 100
Time
Return on

5 Investment - ROI 0.017 0 0 0 19 88 69 | 100 59 7
Annual Number of

6 Completed Calls 0.017 0 53 62 43 78 44 32| 100 49

7 | Annual Time 0017 62| 8| 50| 65| 100| 58| 27| 15| ©
Savings Percentage

Score 10| 74123 | 9.0 | 11.7 | 173 | 783|964 | 92| 43
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