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INTRODUCTION

Welcome! These are the proceedings from the fourth Spring Servitization Conference. The
conference was launched in 2011 to respond to the growing interest in servitization, along with the
limited opportunity with more mainstream conferences to accommodate this. The principal goal of
the conference was, and continues to be, the creation of an intense debate around servitization that
engages the broad range of disciplines contributing to this topic. To achieve this we maintain a
single conference stream, with papers clustered into panel sessions around key themes. In this way
each speaker has an opportunity to address the entire audience, stimulate discussion, and gain
feedback on their work. This process is however demanding on the speakers, audience, and
conference chairs — it’s a tough call to deliver some forty papers in two days while maintaining high
quality and value added interaction for all. To achieve this we have extended the more traditional
conference model to embrace social media, interactive technologies, and structured debates around
each paper.

To reward the speakers for their contributions there are four prizes awarded at the conference,
these are:

* Best paper about Information Technology enablement of servitization
® Best paper bridging theory and practice on servitization

e Best industrial project describing a servitization transformation

* Best paper describing a novel business model in servitization

We still have much to learn both about servitization and the processes by which we bring our
community together in this very dynamic area. We believe that the papers in these proceedings
testify that we are making progress, but we believe that we have still only just started to realise our
goals.

Tim Baines, David Harrison
May 2015
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PPRODUCT BIOGRAPHIES IN SERVITIZATION AND THE CIRCULAR ECONOMY

Luis Araujo and Martin Spring

ABSTRACT

Purpose: To examine the circulation of products in servitization and product-service systems from
the perspective of product biographies, so as to develop insights into the novel institutional
arrangements needed for servitization to succeed.

Design/methodology/approach: Synthesis of literature from servitization and economic sociology,
combined with illustrative examples from secondary sources

Findings: Products in servitized systems, far from being the unproblematic and stable elements, are
constantly being made and remade by processes of qualification and (re) classification. New systems
of classification are required to enable more complex servitization to be achieved, and the Internet
of Things provides both tools and additional challenges in this regard.

Originality/value: We extend our institutional perspective on products and services to consider the
wider product-service system.

Key words: servitization, product biographies, qualification, classification, circular economy, internet
of things

1. INTRODUCTION

Servitization has led to renewed and interesting questions about what services are and how they
might be provided. But it also gives rise to a reconsideration of products. Under a conventional
product-based model, (or what we have recently heard described as the ‘Design, Deliver and
Abandon’ model...) capital equipment in B2B relationships becomes the property of the customer,
and it is their responsibility (and right) to use it, maintain it, repair and modify it. This might entail
the purchasing of spares and even technical assistance from the original manufacturer, but on a
piecemeal, transaction-by-transaction basis. As we move across a continuum (e.g. Tukker, 2004) to
more servitized offerings, more integrated maintenance and repair might become part of the
relationship between the provider and the user. Further still, and the ownership of the asset may
remain with the provider, and be made available to the user on a leased basis, or even operated by
the provider so as to provide an outcome, on the basis of which the provider is paid. These various
forms of servitization present challenges in designing, specifying and delivering the service elements,
and in making them tradeable (Spring and Araujo, 2009). But how is the asset, the ‘object’,
understood in all this? It exists; it is ‘owned’ by one economic actor or another. The principal interest
in servitization has perhaps been the asset or product’s role as a platform for services (Potts, 1988,
Wise and Baumgartner, 1999); while these accounts certainly include maintenance and repairs, the
emphasis has been more on the provision of these service elements rather than on what they do to
the nature and identity of the asset or product. That is what we focus on here.

Furthermore, in doing so, we see servitized relationships in a wider context, as part of the emerging
‘circular economy’, in which rental/access (Lovelock and Gummesson, 2004), repair,
remanufacturing and recycling become more prevalent. Early manifestations of servitization, or
product-service systems, were rooted in these environmental concerns (Stahel and Reday,
1976/1981); in a sense, we are simply restoring that link. But we are doing so not particularly to re-
animate the environmental motivation for servitization, but in order to explore the trajectory of
assets or products in these wider systems, the better to develop our theoretical and practical
arguments.
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2. PRODUCT BIOGRAPHIES, QUALIFICATION AND CLASSIFICATION

Servitization and product-service systems, by definition, involve products. If we dwell at all on that
rather basic statement, it is typically to contrast products with services, so as to understand what
differences there are between the two, and why that might matter to their management. But there
may be more to products than meets the eye. We suggest that, rather than being stable,
unproblematic objects, around which the comparatively ephemeral and slippery services are
conceived and delivered, products too are less stable than we might think. One way to put this is
that products have biographies. Kopytoff (1986) argues that if economists see commodities as self-
evident material things, circulating within economic systems by virtue of having use and exchange
values, for anthropologists things have a material as well as a cultural dimension. They must be
produced but also categorised, qualified as being a particular object. As a corollary, Kopytoff (1986:
90) suggests that we attend to the: “...eventful biography of a thing [which] becomes the story of the
various singularisations of it, of classifications and reclassifications in an uncertain world of
categories whose importance shifts with every minor change in context”. The notion of product
biography has been deployed extensively within social studies of foodstuff production and
consumption. As Warde (2012) suggests, these biographies have been particularly good at capturing
the changing biological and chemical properties of foodstuffs as they move down the production
chain to supermarket shelves.

Callon et al (2002) take up the notion of product biographies to discuss their qualities and how they
change over time. They make a helpful distinction between products and goods. Products’ qualities
are always open and liable to revision, as they degrade, are changed and are disembedded from one
network and attached to another. On the other hand, goods are products — or indeed services
(Araujo and Spring, 2006) — whose qualities have been temporarily stabilised for the purposes of
exchange. So, a new car accumulates miles on the clock and routine wear and tear, as well as
undergoing both routine and emergency repairs. These are parts of its biography. When the owner
comes to sell it, it is necessary to stabilise it and change it into a good, by defining its mileage,
taxation status, condition, maintenance history and so on, in order that prospective owners can
compare it with other used cars for sale, and thereby value it. Similarly, transforming a house into a
good involves more complicated qualification processes, drawing on experts such as surveyors, and
drawing on external systems such as the Land Registry to vouchsafe the ownership of the house and
associated land. (It is perhaps no coincidence that estate agents refer to a house for sale as a

‘property’.)

There is an interesting contrast here between the car’s enduring identity, conferred on it
institutionally by, in particular, its registration number, its ever-changing material condition, and the
occasional ‘stabilisations’, brought about by measurement of one form or another to make it
tradeable. Likewise, the house remains No 2 Acacia Avenue, even though it is constantly changing in
material form and can only be defined adequately for exchange by a sometimes Herculean (and
expensive) effort of qualification. There is an old story about a caretaker and his favourite broom:

‘The caretaker insists that he has had the same broom for the past twenty years; in fact, it’s
the best broom he’s ever had, he says. He has only had to change the head three times and
the handle twice!” (Smith, 2012: 176)

Is this the same broom? The identity of products is constructed through systems of qualification,
classification and registration (Callon et al., 2002). However, it is also, for some actors, constructed
through practices. The caretaker thinks the broom is always the same broom because it is entangled
in his daily routine in exactly the same way every day: he puts it in the same locker when he goes
home, and cleans the same floors with it. It might also be said that the broom is a broom because
the caretaker classifies it as such. A more significant capital asset might be identified in an
organisation’s asset register, allowing it to be scheduled for routine maintenance, costed and valued

Proceedings of the Spring Servitization Conference (SSC2015)
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in, say, an ERP system. If, over the years, every part of it had been replaced, as with the broom, it
would still be machine #1234. In this sense, products have biographies, but are qualified and
classified to render them tradeable and manageable.

3. SERVITIZATION, THE NORMALIZATION OF ‘REPAIR’, AND THE CIRCULAR ECONOMY

Some forms of servitization see the product entangled in complicated inter-organizational
relationships. This means that its biography, rather than being largely hidden within the boundaries
of the firm that owns it, uses it, maintains it and disposes of it, is potentially written in a series of
exchanges: owned by one firm, used by another, possibly maintained by a third. Many permutations
are possible. As we extend the perspective to include the emerging ‘circular economy’, in which
products are leased, shared, refurbished, dismantled for their parts to be re-used, recycled and so
on, a much more dispersed and multifaceted picture of qualification emerges. We consider this now.

3.1 Qualification in Servitization

Servitization, as we have outlined, can take many forms. It is perhaps useful to characterise these in
terms of the two main modes of service identified by Gadrey (Gadrey, 2000, Araujo and Spring,
2006). First is the ‘request for intervention’, whereby one economic actor A, acts to change the state
of an object owned by another actor, B (which can include B’s body, in the case of individual
consumers), at the request of actor B. Examples might include the repair of a car belonging to B, or
the cutting of B’s hair. The second is ‘access to a socio-technical capacity’, whereby economic actor B
pays economic actor A for ‘the right to use, generally for a specified period’ (Gadrey, 2000: 382) a
combined technical and human capacity owned or controlled by A. Examples here include paying to
use a mobile phone network. In servitization or PSS, these could be mapped broadly onto Tukker’s
(2004) product-oriented and use-oriented models, respectively. As we have emphasised before, the
definition of a service in Gadrey’s terms to make it tradeable, i.e. make it into a ‘good’, requires an
effort of stabilisation and qualification.

In a request for intervention, there is a need, initially or in the early stages of a service interaction, to
diagnose. Then there is prescription, then treatment (Harvey, 2011: 153). How trivial or complicated
these are, and who does which part, varies from case to case. But in all cases, there is a need, more
or less precisely, to qualify the product, stabilise it temporarily at this stage in its biography, in order
to determine what intervention is necessary. Then, after the intervention, there is another
qualification point. This might be trivial (a quick look in the mirror for a routine haircut customer) or
very complicated (the re-commissioning of an overhauled machine tool). In an access-based model,
the condition of the product needs to be stabilised at the start of the access period (the hotel room
is cleaned and furnished with a full complement of linen) and checked at the end (the hire car is
checked for new scratches and bumps).

3.2 Rethinking Repair

Graham and Thrift (2007), in their wide-ranging review of the role of repair and maintenance in
advanced economies, argue that this activity should not be associated with exact restoration.
Products or whole infrastructures can be repaired and upgraded to make them contemporary. They
can be cannibalised for parts and their materials recycled so that parts of objects live on in different
systems. Or, restoration can lead to complete rebuild which will allow something to live on in near
pristine condition. Drawing attention to the general pre-occupation with original manufacture,
Graham and Thrift suggest that repair and re-use are still unsung activities and could usefully take a
more central role in our analysis:

“...perhaps we have been looking in the wrong place. Perhaps we should have been looking
at breakdown and failure as no longer atypical and therefore only worth addressing if they
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result in catastrophe and, instead, as breakdown and failure as the means by which societies
learn and learn to re-produce.” (Graham and Thrift, 2007: 5)

Various forms of repair, improvisation and systemic engagement with and between manufactured
artefacts - cars, bridges, roads, buildings, computer networks and so forth — therefore constitute
opportunities for learning, development and long-term value creation. In this sense, products can
have colourful biographies.

3.3 The Circular Economy

Models based on non-ownership by the customer are extending into sectors other than capital
goods. Severe and growing material scarcity, combined with the growing costs and environmental
impact of energy consumption and waste disposal make the original manufacture of products less
obviously desirable than it was even twenty years ago. Customers don’t want the financial and
environmental burden of ownership and, as with larger capital goods, moving ownership to the
provider shifts incentives to promote good stewardship. Models based on temporary or shared
ownership achieve many similar ends, adding up to a shift from a linear economy to a circular
economy, i.e. from an economy based on the conversion of raw materials into products that end
their lives as waste, to an economy where products are re-used, ‘re-purposed’, repaired,
remanufactured and recycled, rather than being used and discarded (Mulgan, 2013). This concept is
nothing new, being set out by Walter Stahel over 35 years ago (Stahel and Reday, 1976/1981).
However, recent impetus has been added by a number of think-tanks, including the Ellen MacArthur
Foundation, focusing on the circular economy, and Collaborative Consumption (initially funded by
NESTA). (See Figure 1; see also Spring (2013))

THE CIRCULAR ECONOMY AN INDUSTRIAL SYSTEM THAT IS RESTORATIVE BY DESIGN

0 Mining/materials manufacturing
= it
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4 ®) -
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Figure 1: The circular economy (source, Ellen MacArthur Foundation)
Graham and Thift (2007) draw some implications of their analysis for repair, maintenance and

recycling. First, many products are deliberately designed so that the possibilities of maintenance and
repair are foreclosed or strictly controlled — i.e. they lack any kind of transparency so that they
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cannot be easily repaired if they break down. This can apply to simple electrical plugs and power
adapters, which are tightly sealed and warnings of “warranty void” if seals are broken, to
increasingly modular computer systems, to many passenger cars which can only be worked on in a
dealerships garage by mechanics using electronic diagnostic programs. So, once again, the
institutional shaping of products in terms of property rights and liabilities comes into the picture. Of
course, many products could be designed so that they are easily maintained, repaired and upgraded.
Technological paradigms oriented towards the generation of accelerating waves of quick disposal
could be reorganized around longer term and sustainable systems of service delivery designed from
the outset to be easily and continually upgraded. But this presents new challenges of qualification.

For instance, as Insanic and Gadde (2014) describe in the case of IT equipment, the design of
systems of service delivery around repair, recovery and disposal is complex, requires significant
investment and the mobilisation of networks of different firms. Many product recovery options are
available, each with its particular advantages and disadvantages depending on the features of the
recovery object and the demand from potential users. In addition, the conditions in these complex
arrangements feature considerable uncertainty, in terms of recovery volumes, timing, quality and
composition. This uncertainty makes the coordination and control of product recovery problematic.
Handling these issues requires substantial and continuous exchange of information among the firms
involved. Insanic (2014) highlights the critical role of classification rules, in relation to how IT
products can be dismantled and the pathways available to recovery, as way to coordinate
distributed activities in product recovery networks.

Gregson et al. (2012) focus on the activities involved in the disposal of large ships. In this case,
recycling activities need to be mindful of the problems of handling and managing wastes as much as
activities designed to extract value from a disposed ship. In some cases, this is straightforward but in
many others, it is not. In the case of breaking up large ships to extract materials such as metals and
asbestos, there is considerable sorting work associated material recovery, which has a secondary
market, and waste disposal, which has not. Again, classification is central to this task.

4. INTERNET OF THINGS

The Internet of Things refers to the anticipated shift in society and the economy driven by the rise of
ubiquitous computing. The term is generally credited to a presentation by Kevin Ashton in 1999 who
coined it to describe a general network of things linked together and communicating with each other
as computers do today on the Internet. Consequently:

“If we had computers that knew everything there was to know about things—using data
they gathered without any help from us—we would be able to track and count everything,
and greatly reduce waste, loss and cost. We would know when things needed replacing,
repairing or recalling, and whether they were fresh or past their best” (Ashton, 2009).

The Internet of Things opens up the possibility that every object that is manufactured can be tracked
from cradle to grave — not just through the linear supply chain that takes it from manufacturer to
end-user, but to every single user it comes into contact with, as well as the reverse chains that lead
to dismantling, recycling and disposal. In a sense, the first tentative steps of the Internet of Things
are already familiar to us — e.g. packages can be tracked through logistic circuits, time and location-
stamped at the stroke of a few keyboard keys. For many of the products that move through supply
chains, this information is only of interest to those organisations that are directly involved in
manufacturing or transport (Speed, 2011). The Internet of Things promises to open up access to this
information through public channels (e.g. using smartphone scanner apps). More importantly, in the
Internet of Things, products will gather data about themselves and their surroundings ceaselessly:
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‘Unlike the old adage "a rolling stone gathers no moss," artifacts within the Internet of
Things will gather moss. As they move from one place to the next, they will gather locative
data; as people interact with them, they will gather social data; and even as they sit idly on a
shelf, they may well be gathering data about the objects that are around them. This data will
exist in virtual form even when the actual object has been broken, lost, or thrown away.
Stored safely in the cloud and accessible for eternity, the object lives on as a ghost in the
machine, waiting for a chance to be exorcised’ (Speed, 2011: 19).

In other words, qualification and classification potentially become almost constant processes, rather
than being brought about only occasionally.

Recently, lansiti and Lakhani (2014) and Porter and Heppelman (2014) reflected on the impact the
Internet of Things may have on firms, industries and business models. The common concern is how
biographical data on products, especially capital goods, are going to be amassed, analysed and
commercially exploited, and for whose benefit. lansiti and Lakhani (2014) use the example of
General Electric as illustrative of the trend towards new forms of value creation and capture.
Whereas GE has long since shifted its emphasis from selling capital equipment to contract service
agreements, covering the operational management of assets, the connectivity afforded by
embedded sensors, microprocessors and software opens up new business opportunities.
Connectivity allows GE to amass and analyse large amounts of data on its customer’s operations and
constantly think of new ways to improve performance. This required significant development of a
unified set of software solutions, as well as new ways to design and sell offerings. Performance data
on the customer’s operation generates value through the ‘optimisation’ of its equipment set-up and
maintenance. GE then capture value as a percentage of the customer’s incremental performance
improvements. Another possibility is outcome-based contracts where revenues are tied to promised
performance improvements. These novel opportunities raise questions about how value is
measured, the monetisation of performance improvements, as well as risk-sharing between GE and
its clients.

For Porter and Heppelman (2014), data about a product’s operating characteristics and history lead
to a better understanding of how a product is actually used. These data have important implications
for product design (potentially reducing the need for excessive product features or favouring
products designed for ease of repair), marketing (by creating usage segments to be matched to
customer types), and maintenance (by allowing service engineers to learn the nature of breakdowns
before they visit the site). Porter and Heppelman (2014) also point to the substantial investments
required to construct what they call a product cloud, comprising a product database as well as
application platforms (e.g. allowing visualisation), analytics/rules engines (e.g. the algorithms
involved in monitoring product operation) and smart product applications (e.g. software that
monitors the autonomous operation of product functions). Developing these requires significant
investment in technologies and infrastructure that are hardly widespread in the IT sectors, never
mind in traditional manufacturing companies. If the solution is to rely on outside partners, many of
the benefits as well as the risks that lansiti and Lakhani (2014) allude to will have to be shared
between the manufacturer, the customer and the intermediaries that construct product clouds. If
the decision is to develop these skills internally, companies are faced with the prospect of how to
reap returns from amassing large amounts of data and being able to construct business models in
which data is monetised in a multiplicity of ways — including selling data to other providers or to
other intermediaries.

5. CONCLUDING DISCUSSION AND IMPLICATIONS

The notion of product biographies throws into sharp relief the fact that the objects that we call
‘products’ in product-service systems are constantly changing, in their physical state and in their
connectedness to networks of one form or another. And yet, in order to manage or exchange them,
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it is necessary to stabilise, qualify and classify them, and to transform products into goods (Callon et
al., 2002). If we extend our perspective beyond dyadic, servitized provider-user relationships into the
wider product-service system, and in particular into the emerging ‘circular economy’, where repair,
re-use, upgrading and dismantling are seen as the norm, the biographies of products and their
constituent parts become much more complicated, making new and greater demands on our ability
to stabilise and qualify them when necessary. While we have well-established institutions for
defining, specifying and hence managing products in the forward flow of the conventional product
supply-chain, in the various reverse loops of the circular economy, we face new challenges of
qualification and classification: What is the state of a used personal computer? Given the data that
may reside on its hard drive, what measures should be taken to remove the data to ensure security?
How do we classify it and its constituent parts so that we can decide what to do with them if it is
dismantled? How can we be sure that the metals we extract from it are of a particular purity? In
some senses, help may be at hand. The technological developments covered by the shorthand term
the Internet of Things means that products are able to generate data on their condition even as they
progress through their biographies, meaning that we have fewer surprises and have less need for
infrequent, major exercises in re-qualification. But this presents major challenges in terms of data
collection and analysis, challenges that many IT-centred organisations cannot meet, let alone
traditional manufacturing firms. Hence it seems that in servitization and in the implementation of
the circular economy, analytics firms such as Google may be poised to step in, for better or for
worse.

This approach has practical and policy implications. While product lifecycle management (PLM)
software has been in use for twenty years or so, the evidence seems to be that it is used most fully
for the product design and prototyping stages of the lifecycle, rather than subsequent delivery,
installation, service and disposal stages (Lee et al., 2008). Servitizing product-based firms and
providers of PLM software can identify and exploit entrepreneurial opportunities arising from the
increasingly varied tapestry of transitions, connections and transactions that arise from products and
the data associated with them throughout their biographies. The sheer amount of data arising from
‘smart, connected products’ in service also presents opportunities, as we have mentioned, for
analytics firms who are able to collect, analyse and extract value from such data. Repair requires
qualification, and qualification generates data.

Governments in both developed and developing economies are looking to the circular economy
concept to enable sustainable growth (Foresight, 2013, Spring, 2013, Yuan et al., 2006). As we have
shown, however, there is a great deal of work to do to establish the institutional mechanisms that
will make the circular flow of products and their repair, remanufacturing and re-use as routine and
straightforward as their production, distribution and use in linear supply chains. Developing rich
understanding of products’ biographies, and the ways in which products connect and disconnect to
and from networks of actors and other products as they chart their course is a central part of that
task.
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EXPLORING AND COMPARING THE SUSTAINABLE POTENTIAL OF ADVANCED SERVICES: INSIGHTS
FROM TWO PRODUCT-SERVICE SYSTEMS CASES

Thayla T. Sousa-Zomer & Paulo A. Cauchick Miguel

ABSTRACT

Purpose: This paper aims to describe and compare sustainable aspects of two PSS cases with
different product-service configuration and supported by distinct business practices, in order to
provide empirical evidences of the mixed sustainable potential of different PSS solutions.
Design/methodology/approach: A qualitative analysis was performed concerning conceptual
elements cited in the literature as important in each sustainability dimension. Furthermore, some
propositions given by others relevant studies that explore companies' operations to support the
delivery of advanced services were selected to conduct the study as well as to help to understand
how different product-service arrangements and practices may affect the PSS sustainable
performance.

Findings: The findings confirmed the literature discussions about the mixed sustainable potential of
different PSS. The operational practices have also an important role in offering sustainable solutions.
Some of the propositions investigated in the current research business context revealed that the
relation between customers, service providers and other network actors are essential to support the
offering and assure the sustainability. Moreover, quality control and information offered to
customers may increase their trust in the PSS provider and can help to increase PSS acceptance.
Sustainability performance measurement was also identified as an important issue that should be
integrated with service performance measurement, in order to control the impacts during PSS life
cycle.

Originality/value: This may paper contribute with PSS empirical knowledge and to the
understanding of how different product-service business models and operational practices may lead
to achieve the sustainability.

Keywords: Advanced Services, Servitization, Sustainability, Sustainable Product-Service Systems.

1. INTRODUCTION

Product-Service Systems (PSS) is a special case of servitization (Baines et al. 2007) and have been
widely discussed as a promising approach for moving the current unsustainable patterns of
production and consumption towards a sustainable society (Ceschin 2013). As an integrated product
and service offering that emphasises delivery of functionality instead of the product's sale, PSS offers
the opportunity to decouple economic success from material consumption, allowing reducing the
environmental impacts of economic activity (Baines et al. 2007).

Servitization is a growing area of research interest, but much is still to be learnt about its adoption in
practice (Baines et al. 2012). PSS especially as a servitization case has become a popular subject for
researchers engaged with sustainability (Tukker 2013) and the number of PSS publications has grown
in the recent years (Beuren et al. 2013). However, despite all the knowledge regarding PSS
sustainable potential, PSS solutions have not been widely implemented (Tukker 2013). One reason
for this may be that sustainable PSS solutions challenge existing consumption and production
patterns (Ceschin 2013). In fact, diverse PSS cases can be referred as advanced services, where
products and services are integrated in a sophisticated offering with focus on capability delivered
(Baines and Lightfoot 2014), that demand new practices different from those associated with
conventional production process (Baines et al. 2012).
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A complete picture of how companies operations should be configured to deliver advanced services
is still an emerging research topic, and existing studies are mostly conceptual and, in general,
empirical evidence is not provided (Baines and Lightfoot 2014). In addition, differences between PSS
configuration exist, varying the sustainable potential of each case (Tukker and Tischner 2006).
However, only a few studies in the literature provide a comparison between different PSS
configurations and contribute to the understanding of how different PSS arrangements and
associated business practices can increase environmental benefits (e.g. Tukker 2004). Thus, in order
to provide empirical evidences of the mixed sustainable potential of different PSS solutions and how
different PSS approaches and operational practices can contribute to sustainability, this paper aims
to describe and to compare sustainable aspects of two PSS cases. The empirical investigation of the
operational practices that support the offer is useful to increase the understanding of PSS
sustainable potential and to contribute with its implementation in practice, since the diffusion of
sustainable PSS is still limited (Ceschin 2014; Vezzoli et al. 2015). For manufacturers, this study
provides insights of how the operations to deliver product-service solutions can be configured in
order to support sustainable solutions.

The remainder of the article is structured as follows. After this introduction, the following section
presents a brief literature review by covering PSS categorisation and sustainability issues. The third
section starts with the description of the PSS solutions under investigation followed by the research
design and procedures. The fourth section highlights the main findings of the present work. Finally,
concluding remarks are drawn in addition to insights for future work.

2. PRODUCT-SERVICE SYSTEM CLASSIFICATION AND ITS SUSTAINABLE POTENTIAL

Different approaches in the literature build on a distinction between products and services, and
demonstrate how a change in the balance between these can results in different levels of
servitization (Baines and Lightfoot 2014) and environmental improvements (Tukker 2004; Tukker
and Tischner 2006; Tukker 2013). An approach with focus on value proposition that distinguish
between "base", "intermediate" and "advanced" services have been recently discussed (e.g. Baines
et al. 2013; Baines and Lightfoot 2014). The base services focus on the product provision;
intermediate services is based on exploitation of production competences to also maintain the
condition of products and the advanced services have focus on the capability delivered through
performance of the product (Baines et al. 2013; Baines and Lightfoot 2014).

Another frequently addressed approach for PSS classification proposed to distinguish between three
main categories (Tukker 2004; Baines et al. 2007): (i) product-oriented, (ii) use-oriented, and (iii)
result-oriented. In the product-oriented PSS, the product is offered in a traditional sale model, but
also includes the sale of additional services (Baines et al. 2007). In the use-oriented and the result-
oriented PSS, customer satisfaction is achieved by the functions provided by the products or the
result of services rather than the product ownership (Chou et al. 2015).

Concerning the environmental benefits, it has been argued that different PSS shows a mixed
potential (Tukker 2004). The product-oriented PSS is still centred in the sale of products, and limited
improvements could be expected (Tukker 2013). Use-oriented and result-oriented PSS types can
lead to great environmental benefits such as extending the product life cycle, changing consumption
patterns, and reducing the total product and material use (Chou et al. 2015). Manufacturers and
service providers are motivated to intensify services and optimise the product’s operation to achieve
sustainability (Hu et al. 2012).

Furthermore, the diffusion of sustainable PSS is highly dependent of its attractiveness, customer
acceptance and satisfaction as well as the systems interactions and the collaboration between the
actors in the value chain (Ceschin 2014). In addition to conceive sustainable solutions is also
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important to understand the contextual conditions in which they are introduced and which
strategies are more appropriated to each context (Ceschin 2013). In the transition toward product-
service solutions, companies must carefully plan PSS implementation (Beuren et al. 2013). In this
sense, the empirical investigations of PSS strategies can provide insights of how PSS solutions should
be configured to provide environmental improvements. Next section describes the research
methods adopted to analyse two PSS cases under study.

3. RESEARCH METHODS

This paper reports on the results of an explorative and qualitative study. Although quantitative
research in PSS field is needed (Tukker 2013) qualitative research gives deep insights of the
phenomenon under study by considering context-specific factors, complex patterns and causal
relationships which are very important in PSS context (Velamuri et al. 2013). Hence, since empirical
research comparing PSS business models and organisational practices is still limited, an explorative
qualitative research approach was chosen. Furthermore, PSS environmental performance depends
on a wide range of factors, such as the systems’ design and the efficiency of networks and
infrastructure (Mont 2004). These may lead to the following research questions: How and under
which conditions different product-service configurations can contribute to achieve sustainability?
What are the factors related to product-service configuration and organisational practices that may
affect the sustainable performance of the PSS solutions when they are implemented? To answer
these questions, the study at hand builds on existing theoretical contributions and draws upon
empirical investigation. The following section describes the PSS solutions under study.

3.1. Water filter leasing and reverse osmosis system

The PSS models under study consists of a PSS based on a water filter leasing and a reverse osmosis
water filter system that focus on the delivery of the result 'purified water'. They can provide a
solution for overcoming a common problem in Brazil (the region where they are located) since the
public water supply quality might be questionable, resulting in the consumption of bottled water.

The water filter leasing solution under study is offered by the Latin American leader company on the
market of home appliances. It is a pioneering concept in the Brazilian market by being the only one
that claims to have the complete control of the product life cycle. The company offers a small
equipment (through a payment of a monthly leasing) and is responsible for product maintenance,
repair and control. In the product end-of-life, the company performs the collection and recycling of
the product. Long-term contractual agreements are established between customers (other
companies or ordinary customers, i.e. persons) and the company. The manufacturer assumes the
responsibility for recycling the packaging and the product by the end of its life.

The reverse osmosis filter system consists of a public water supply purification system through a
reverse osmosis process. The purification equipment is installed in small commercial establishments
and the product (i.e. the equipment), is connected to the public water supply to collect water from
the local water network. To acquire water, customers go to the places where the equipment is
installed bringing their own containers. The filtered water is provided in some pre-determined
volumes, which the user chooses at the acquisition moment. The company (service provider) is
responsible for the equipment installation and maintenance, which is designed for upgrading and
refurbishment. A contractual agreement is established between the company and commercial
establishments, and they share profits and responsibility for customer service.

Both solutions have common aspects of advanced services. The providers take the responsibility for
ensuring the product availability and should assure the service performance. Contractual
agreements are established between providers and customers (although in the case of reverse
osmosis system the contract is established between the company and the commercial
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establishments) and the payments are structured around product usage (pay-per-volume purified in
the reverse osmosis system and pay-per-time usage in the water filter). To analyse the solutions, a
combination of techniques was used (observations, technical information, and semi-structured
interviews with some PSS actors). Data have then been synthesised in the light of the existing
literature revealing some findings. Before hand, a literature review was performed addressing
criteria that could be used to assess PSS sustainability aspects, outlined in the next section.

3.2. Analysis criteria

To define when a PSS consists of the sustainability requirements, it is necessary to define evaluation
criteria regarding the three sustainability dimensions (environmental, economic, and social). Due to
applicability limitations of existing tools to assess PSS sustainability (e.g. traditional LCA that is still
not widely applied to 'non classical' life cycle strategies like PSS) as well the own study limitations
(e.g., a lack of data from all PSS life cycle phases), a qualitative analysis was performed considering
some elements in each sustainability dimension anchored in the literature. In the environmental
dimension aspects such as energy consumption, waste generation and efficient use of transport (Hu
et al. 2012), greenhouse gases emissions and efficient use of resources (Manzini and Vezzoli 2003)
were selected. In the social dimension, the healthy and safety and customer acceptance aspects (Hu
et al. 2012) were analysed. In the economic dimension the cost-benefit to stakeholders and added
value (Hu et al. 2012) were analysed. Afterward, some structural and infrastructural propositions
given by Baines et al. (2009) and Baines and Lightfoot (2014) to investigate the practices that
support the delivery of the advanced services were chosen to conduct the study. This also helped to
understand how different product-service arrangements and organisational practices may affect the
PSS sustainable performance. Those are summarised in Table 1.

Propositions of Baines et al. (2009)

and Baines and Lightfoot (2014) Research questions for this study

What are the supply chain relationships and how these relations may
impact PSS sustainable performance?

What are the relations between customers and providers? How these
may affect the PSS sustainable performance?

What quality control is applied in each case? How it can impact PSS
sustainable performance?

What planning and control systems are applied in the delivery of PSS?
How they may affect PSS sustainable performance?

What performance measurement is applied in the delivery of each PSS?
How it considers the measurement of PSS sustainable performance?

Supplier relations
Customer relations
Quality control
Planning and control

Performance measurement

Table 1: Propositions and respective research questions.

4. RESULTS AND DISCUSSION

In the water filter leasing PSS, the company produces the water filter and has monthly revenue
structured around the product usage. The company offers four filter models to the market, which
includes natural or chilled water, with different costs. In reverse osmosis water filter system, the
company that installs the equipment is considered the service provider (the equipment is
manufactured by another company abroad that is a business partner). The service provider
establishes a contract with commercial establishments with frequent customer access such as
supermarkets, bakeries, etc. The equipment is then installed in their own infrastructure.

Concerning environmental aspects, both studied PSS can contribute to minimise the environmental
impacts of bottled water consumption. In both cases, the companies have interest to seek solutions
with environmental benefits such as efficient, long-lasting, and recyclable products (Ceschin 2014).
In the reverse osmosis filter system, the energy used is related to the operation of two hydraulic
pumps that provide the pressure required for the filtering process. However, the used pumps do not
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have high-energy consumption, since part of the required pressure for water filtration comes from
the water supply network. In the water filter leasing the energy used is related to the operation of
one hydraulic pump, an ultraviolet lamp used for the bacteria elimination, and for water cooling
through thermoelectric system. Comparing both systems, the energy consumption in the use-
oriented solution may be higher, as it involves the cooling system.

Regarding the greenhouse gases emissions, in the reverse osmosis system the company plans the
routes to perform the equipment installation and maintenance in order to minimise the transport.
The preventive maintenance is made weekly by the company, or when it is necessary a corrective
maintenance. In the water filter leasing, the preventive maintenance is carried out every six months
to replace the filter element or in cases where the customer requires a technical visit to solve a
problem. As both studied PSS do not provide standard plastic bottles that generate many
greenhouse gases during its production process, the emissions and transports performed are only
related with to equipment installation and maintenance. As in the reverse osmosis system the
maintenance is performed more often, the greenhouse emissions may be higher.

In the reverse osmosis system, filters are the only waste during the operational phase. Providing
maintenance helps to extend equipment and components life, and at the end of a product’s life the
company performs repair and refurbishment of the equipment and its components (e.g. at the
hydraulic pumps), minimising the waste. The equipment provider is especially encouraged of
reducing the energy, material and water consumption in order to reduce costs. In the water filter
leasing, the company recycles the product components, although the design of the products is not
fully modular. In the operational phase, the wastes are associated with the filter elements and
ultraviolet lamps. However, the replacement of the filters and lamps are performed less frequently
than in the reverse osmosis system. With regard to the use of renewable resources and their
efficient use, in the reverse osmosis system there is almost no water wasted. In the filtration
process, the equipment has a water recycling system, since the volume captured from the water
distribution network has impurities and the purified volume is lower than the volume captured. In
the water filter PSS, the losses can be generated when the device is not used frequently. In this case,
the customer must empty the reservoir with standing water, resulting in purified water disposal.

In the economic dimension, the reverse osmosis system allows gains to all stakeholders (e.g. for
customers, the price of water is lower compared to the price of an equivalent mineral water
volume). The commercial establishments have a 25% profit on monthly sales, with low operational
costs. Furthermore, the PSS adds value to the commercial establishments, since more customers
begin to shopping at the establishments where the equipment is located. Therefore, more
commercial establishments began to be interested in PSS and the demand for equipment has grown
in the last year. In the water filter leasing, the customer pays a fixed price (around US$ 25.00/month)
for unlimited use. In addition, they also have to pay the energy costs to water-cooling (normal
electricity bill). In this PSS, the company moved their position in the value-chain from being only a
product manufacturer to providing customers with integrated solutions that can include product and
services. This enabled the company to add value to their business.

In the social dimension, both solutions represent an opportunity for contexts with fewer economic
possibilities, since they do not require payment for the full value of the product. Both solutions also
provide good quality water to customers, which were confirmed by laboratory tests performed by
the authors’ university. Furthermore, both PSS minimise bottle usage, which is harmful for the
health of customers and workers involved in the plastic resins processing. In relation to customer
acceptance, in the reverse osmosis system, the demand for the equipment is continuously
increasing, according to the interviews. In the water filter leasing, the company has supported the
business for more than ten years, which provides an evidence of the solution success and customers'
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acceptance. The following section presents some findings related with the operational practices
adopted in each studied PSS.

4.1. Key findings

This section discusses three key findings related to the companies' operational practices that
contribute to PSS sustainable performance: (i) suppliers and customers relations, (ii) quality and
planning control and (iii) performance measurement. The development and delivery of sustainable
PSS require a strong collaboration between the stakeholders (Vezzoli et al. 2015). In the reverse
osmosis PSS, the service provider does not produce the equipment, it is imported from the US and
the supplier transfers the knowledge to the company to perform the maintenance, repair and
refurbishment. When some component fails, the company has the knowledge to repair, which
reduces customer response time and ensures the provision of the service. In addition, when design
improvements are needed, the supplier performs the necessary adjustments, and an exchange of
technical knowledge is held between the supplier and the service provider. This has impact on the
sustainable performance of PSS because when some internal unit fails, the filtration process and
therefore the water quality are compromised. Furthermore, when some internal unit has a defect, it
can lead to an increase of energy and water consumption.

The commercial establishments have a daily contact with customers, which allows monitoring their
behaviour (informally) and identify current problems. In addition, when technical problems that
might compromise the equipment performance and impact in energy and water consumption occur,
they help to detect and reduce the generated impacts. Overall, the relationship between service
providers and other actors may minimise the environmental impacts during the operational phase,
as it is possible to have a better monitoring of customer behaviour and equipment technical
performance as well as the faster diagnostic when a failure occurs. In the reverse osmosis system,
the relation between commercial establishments and customer have allowed to company to
perform a number of improvements in the equipment to meet the customers' needs. The customers'
proximity also makes easy to provide information on adequate system use and to promote
customers' orientation, reducing the generation of rebound effects due to excessive and incorrect
use. In this sense, the offer is positively impacted by front-office staff (Baines et al. 2013), as well as
the sustainability.

In the water filter leasing, the provider cannot predict customer behaviour because the equipment is
installed in the customers' residence or business. Therefore, it is not possible to predict the rebound
effects of excessive consumption or equipment incorrect use. Hence, the rebound effects resulting
from excessive energy consumption can decrease the environmental benefits associated with the
shared use. The relationship between provider and customer during the use phase is essential to
monitor the customers' behaviour and how it affects the PSS sustainable performance. Indeed, the
touch-points between customers and manufactures enable strong relationships (Baines and
Lightfoot 2014). Furthermore, the possible customers' reactions due to the PSS implementation
could be quantified and analysed in an evolutionary and dynamic view in LCA studies during the
design phase. In short, the relationship between customers and providers is essential to achieve
sustainability, because it allows customers' orientation and monitoring of the contextual dynamics of
consumption and customer behaviour, avoiding and reducing the rebound effects.

Service quality via customer satisfaction has been widely used to measure service performance
(Chou et al. 2015). The water quality control and the provision of information to customers may
increase their trust in the PSS provider, helping to change their consumption behaviour associated
with bottled water and to increase their acceptance and satisfaction. In addition, equipment quality
control can reduce the operational costs and environmental impacts. In the reverse osmosis system,
the merchants are the front-office actors on the service delivery and they also assume the risks,
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therefore they are motivated to perform the quality control. In the water filter, the front-office
employees are responsible for the quality control, and they have an important role in the customer
relationship. In fact, employees are the channels to delivering product-service value and their
commitment can drive customer satisfaction and influence service performance (Chou et al. 2015).

Concerning the practices of planning and control, in the reverse osmosis system the company carries
out strict control of the equipment units and the maintenance process, in order to reduce the
material disposal, waste generation and postponing the equipment components' life. To achieve
effectiveness in service delivery, in the water filter leasing, the company developed a new business
model to perform customer and maintenance services, in order to decrease management
complexity and improve outcomes. Furthermore, product-service value and sustainability
assessment are two essential criteria reflecting the performance of a sustainable PSS (Chou et al.
2015). Thus, in addition to adopt performance measures that reflect customers' outcomes a
sustainability assessment that involves a combination of various indicators and allows evaluating the
industrial impact on economy, environment and society should be adopted by the services
providers. However, sustainability measures were not identified in the companies' systems.

5. CONCLUSIONS

This study explored the main sustainability aspects of two business models offering advanced
services to supply a customers' need with a more sustainable alternative than the traditional
products. The findings confirmed the literature discussions about the mixed sustainable potential of
different solutions. Furthermore, the organisational practices associated with supplier and
customers' relationships have an important role in conceiving sustainable PSS solutions. Through
these relationships, the company can perform customers' orientation, monitoring their consumption
behaviour and avoiding the rebound effects. The collaboration between stakeholders is essential for
the offer delivering. As previously discussed in the literature, the front-office staff allows positive
customer relationships. Service quality and control can also affect the PSS acceptance and customers
trust in PSS providers, helping to change their consumption behaviour associated with traditional
products. In addition, sustainability measures should be integrated into service performance
measurement to help the companies to control their environmental impacts.

The study analysis is limited to two PSS solutions only, which may restrict the findings and their
generalisation. Furthermore, quantitative studies should be performed in order to quantify the
sustainable potential of each PSS category. Nevertheless, this study contributes to PSS empirical
knowledge and provides insights of how companies should configure their operations to deliver
sustainable advanced services. More empirical studies to investigate the sustainable potential of PSS
solutions and how companies have structured their practices to support the sustainability are
directions for future work.
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WEIGHT, SAFETY AND/OR SERVICES? AN AVIATION MANUFACTURER TACKLING CHALLENGES OF
SERVITIZATION THROUGH DESIGN
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ABSTRACT

Purpose: Servitization literature elaborately discusses the challenges for manufacturers dealing with
advanced services but lacks hands on insight on how to tackle these. This paper presents how the
process took place in a large aviation manufacturer with the aid of design.
Design/methodology/approach: This paper describes a longitudinal case study that follows a single
manufacturer in the aviation industry through action research.

Findings: A roadmap of the servitization process is discussed, providing insight and details of the
actions taking place during the introduction of a service mindset. The paper argues for a design
perspective to support manufacturers in servitization.

Originality/value: This paper brings in a new perspective on servitization: design, as well as
documents a long-term effort of a manufacturer in servitization.

Key words: Servitization, challenges, manufacturer, aviation industry, roadmap, service-enabling
system

1. INTRODUCTION

During the last decade, manufacturing industries such as the automotive and energy industry have
been exploring opportunities to deliver advanced services (Baines and Lightfoot, 2013). These
industries have provided much insight to advance the body of knowledge on servitization. From
these experiences, various challenges to manufacturers transitioning towards services have been
identified (Baines and Lightfoot, 2009; Oliva and Kallenberg, 2003; Nudurpati et al. 2013). The
aviation industry is currently experiencing a similar move, looking for opportunities to differentiate
based on services (Hall et al. 2013).

In the aircraft business landscape, specialized firms develop aircraft parts that are assembled by
Original Equipment Manufacturers (OEM) (Ex. Boeing, Airbus, Embraer etc). To maintain a
competitive advantage, manufacturers in the aviation industry have shifted from passive producers
to active innovation research partners, sharing responsibilities and risks (Jones, 2012). This approach
has fuelled technological advances over the years, delivering aircraft that are lighter, faster and safer
than ever before. However, the passenger inflight experience has not changed radically in the past
twenty years. In order to offer a personal brand experience and remain competitive, airlines are now
shifting their focus to onboard experience and service satisfaction. Because of this change, the cabin
design needs to provide a primary platform for any airline to express its own brand identity &
services but must also adhere to the requirements of the OEM. This challenge requires cabin
manufacturers to change their current product-dominant logic of engineering (reducing weight, new
materials etc.) towards a service-dominant logic where the engineered products are regarded as
service-enabling systems that support the service providers in their activities (Doganis, 2001;
Kossman, 2006).

Zodiac Aerospace (made anonymous for reviewing purposes) is world leader in aerospace
equipment and systems for commercial, regional and business aircraft, as well as helicopters and
space applications. The company keeps to a traditional engineering, technological, industrial and
management process, offering comprehensive and integrated cabin solutions. At this time, it is the
only company in the aircraft cabin interiors industry to design and manufacture all the components
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of an aircraft cabin, from cabin structures to seats, galleys, equipment, aircraft systems and
aerosafety. This allows it to offer integral solutions to airlines and OEMs.

Zodiac Aerospace has recognized the responsibility and impact that manufactured products and
equipment have on airlines’ services processes. As a result of providing integral cabin solutions,
Zodiac Aerospace aims to become a partner in redesigning service processes for airlines by re-
envisioning products as service-enabling systems (Beelaerts van Blokland et al., 2012). In order to
answer to the servitization and differentiation needs of airlines, Zodiac Aerospace (as a service
enabler) wants to understand and support the service provider (airline) to serve their end customer
as well as the onboard service team. However, in a traditional business arrangement, there is almost
no direct link between the R&D departments of a manufacturer and the service provider (within the
aviation industry the airline), nor between the supplier and the end-user (the passenger or cabin
crew) (Hall et al., 2013).

This paper addresses how Zodiac Aerospace has tackled the organizational challenge of servitization
towards developing service-enabling systems for airlines as well as what activities Zodiac Aerospace
has undertaken in its transition. Furthermore, we discuss its impact on the organization and how
design can support a manufacturing company dealing with servitization.

2. SERVITIZATION CHALLENGES

Existing servitization literature has recognized the complexity of servitization and focused on
identifying and discussing the various challenges manufacturers encounter during the transition
process towards delivering advanced services. Several authors have provided frameworks to classify
the challenges, getting a grip on the transition process or structuring it (Lerch and Gotsch, 2013;
Baines et al., 2013; Dix and Ganz, 2013). Currently, the identified challenges help manufacturers to
know what to expect once they decide to look into servitization. However, these studies come from
different streams of literature varying from engineering, marketing, environmental, management
and design studies. Nudurupati et al. (2013) have made a valuable effort in mapping these different
perspectives and bringing them together in one overview: a framework of eight challenges including
“Cultural transition, redefining the interface, product/service system design and supply network”,
among others. This paper uses that framework as a starting point to map out what challenges Zodiac
Aerospace encounters and how they address them. For the discussion of Zodiac Aerospace’s
challenges, one more challenge is added from Oliva and Kallenberg (2003): building credibility for
services, both inside the organization and towards the external environment. In order to get internal
support to continue with the chosen direction of servitization within Zodiac Aerospace, efforts were
undertaken to showcase what value a service-orientation can bring to the organization, gain
commitment, as well as show the external network that Zodiac Aerospace is a valuable and credible
partner changing its capabilities towards supporting airlines in service differentiation.

Unfortunately, existing literature provides little or no guidance on how to successfully tackle the
discussed challenges. Baines et al. (2009) discusses the scarcity of previous studies “that provide
guidance, tools or techniques, that can be used by companies to servitize”, pointing out that
“Guidance in the literature on how to approach organisational strategy (for servitization) is largely
limited to anecdotal evidence from case studies that suggest good practices and processes for
implementation.” (Baines et al., 2009, p. 562).

Nudurupati et al., (2013) add to the discussion that most of the existing servitization studies remain
at a theoretical level, limiting the applicability of the findings.

Tongur and Angelis (2013) as well as Nudurupati et al. (2013) bring forward several studies from
design research as new perspectives that can support servitization with more action-oriented
approaches. Authors like Morelli (2006 and 2008) and Sangiorgi (2011) have already discussed how
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design can be valuable for untangling the puzzles of servitization. They focus specifically on how to
move from designing products towards designing product-service systems.

3. ACTION RESEARCH APPROACH

This paper reports on a longitudinal single case study using an action research approach following
ZODIAC AEROSPACE in the actions they undertake on their journey towards servitization. The action
research approach has been chosen due to the practical nature of the problem, enabling us to follow
and support the manufacturer in their actions. Action research focuses on bringing about change
(deliberate actions steered by research) and contributing to knowledge (by reflection on the actions
undertaken and their according effects) (Reason and Bradbury, 2006). By this process of action and
reflection, action research builds theory, in this study, used to identify the relevant steps involved in
addressing the challenges of servitization (Wood-Harper, 1985; Coughlan and Coghlan, 2009).
During the period of study (three years, from 2012-2015) the primary focus was on investigating
how design can support manufacturers in the challenges of servitization and what the impact is in
the long term.

The first two authors conducted this study. The first author (researcher from academia) initiated the
study in collaboration with a local R&D manager. Within a year after the start, the second author
started as a researcher embedded within the organization, having actual working tasks related to
bringing in the crew perspective and transforming product development. The first author took on
the role of an outsider facilitating the transition process as someone more neutral. The interplay
between the internal change agent and the external facilitator enabled the researchers to reflect
and plan ahead on a constant basis and to achieve more valid results than having only an internal
change agent.

The close collaboration of Zodiac Aerospace with the university allowed: 1) To bring in knowledge
from research on servitization, knowledge and expertise on service design as well as experience
design. 2) An academic perspective providing evaluation and reflection on their activities, 3) To work
with young designers that can provide quick results and hands on means and 4) The use of design
tools and human-centred approaches, future oriented and creative.

4. FINDINGS

Table 1 describes how Zodiac Aerospace addressed the organizational challenges related to
servitization as discussed in literature. It shows the sequence and manner in which design supported
Zodiac Aerospace in servitization. The sequence of the transition process boils down to a roadmap
where three separate phases can be distinguished: Introducing Service Mindset, setting a Structure
for Servitization and delivering a Service Proposition.

The study started off close to the core activities of Zodiac Aerospace as a manufacturer: infusing the
R&D activities with a service mindset by bringing in the airlines’ values for differentiation (putting
the passenger experience and crew service routines central to R&D). By doing so, a cultural
transition was started, making it possible to tackle other servitization challenges with further
actions. Slowly, through the diversity of activities taking place, servitization spread like a cloud of ink
through the organization paving the way for the second phase: preparing the organizational
structure to ultimately deliver service propositions (phase 3) and changing the company’s business
model and revenue streams as well as positioning in the supply chain.

At the moment of writing, we have seen evidence of a cultural transition, engineers are starting to
feel comfortable in involving passengers and crewmembers and are able to use design tools to
design product-service systems. Phase 2 is currently being planned to take place in the coming year.
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The next section discusses the activities in phase 1 in more detail. We describe the purpose of every

action, and the impact on servitization within Zodiac Aerospace.

Table 1: Roadmap of servitization of Zodiac Aerospace, in which sequence the various servitization

5.

The first phase in the servitization roadmap for Zodiac Aerospace focused on introducing a service
mindset within the organization. The primary starting point was within the R&D department,
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supporting engineers to take the changes within airlines into account especially with regard to
differentiation.

5.1 Customer perspective

Viewing Zodiac Aerospace products through the customers’ eyes provides valuable information on
how to support service challenges via product systems. In order to bring the customer perspective
into R&D projects, Zodiac Aerospace used distinct design efforts such as: (a) building an “Experience
Lab”, (b) strengthening “Collaboration with Academia” and (c) contracting a former inflight services
team member as an internal “Service innovation consultant”.

(a) Experience Lab: In contrast with traditional R&D that focuses on meeting airworthiness
regulations (reducing weight and increasing safety), the Experience Lab permits early
prototyping of the on-board customer experience by putting design concepts (product-service
systems) in their context of use. This enables the R&D team to understand the impact of their
concepts within service routines. The Experience Lab is at a fixed location and is built as a fully
equipped mock up of a commercial aircraft.

(b) Collaboration with Academia: Zodiac Aerospace has partnered with the design faculty from
Delft University of Technology, collaborating in diverse research projects and sponsoring Design
Master courses. For example, for three consecutive years, students work on assignments
provided by Zodiac Aerospace. As part of the assignments the young designers include values
and perspectives of various stakeholders into their concepts pertaining to new kinds of
technologies and new on-board service processes.

(c) Service Innovation Consultant: By employing one of the primary representatives of their
customers, Zodiac Aerospace is able to quickly gain feedback and actively bring the customer
perspective into the R&D initiatives.

5.2 Cultural transition

The current product-oriented guidelines for product innovation, concerns and customer relations
are reshaped by pushing cultural change towards a service-oriented mindset. Traditionally, the
aviation industry has its foundations in military services, where safety and reliability are the main
anchors for NPD. Zodiac Aerospace is partnering with a local design faculty with the purpose of
exposing their R&D team to a new set of service design skills. This approach allows the leap out of
the traditional development ways, and initiates an internal shift of mindset leading to organizational
motivation for change. This is achieved by putting the NPD team to work with young service
designers on product-service concept ideas that break loose from current practices without
compromising safety and reliability.

5.3 Product/Service System design

Most of the time, the NPD team focuses on the design of physical products. Less priority is conferred
to the service systems to which they belong. In order to offer advanced service solutions, design
concepts should take into account from an early stage the interactions between products-services-
processes and users (both crew and passengers). Zodiac Aerospace is exploring a suitable
methodology to provide the NPD team with the best design methods and tools for service-system
requirements.

5.4 Building Credibility for services

The industry is used to the traditional role of the supplier as a product manufacturer. In this role,
Zodiac Aerospace is not expected to own expertise in services. The challenge becomes to re-position
their business capabilities in the marketplace. For this purpose, building credibility with the client
(and internally with diverse business units) is critical for the organization to break the resistance of
airlines to accept the supplier as an “advanced service provider” and “customer experience enabler”.
Design is giving a critical support here by demonstrating the potential of Zodiac Aerospace as a
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“customer experience enabler”, by generating visions (design concepts) of the enabled in-flight
services and the consequent differentiating customer experience. This is already generating a new
attitude from the airlines.

Design approaches adopted by Zodiac Aerospace to build credibility include activities such as (a)
Roleplaying for internal purposes showing to Zodiac Aerospace employees how their concepts are
used in service routines, (b) Industry Awards obtained through design concepts give a ripple effect of
credibility throughout the company and towards the network, (c) Airline Co-creation in developing
new propositions and concepts and (d) Marketing Initiatives using future visions developed by
designers.

6. LESSONS LEARNED

Within Zodiac Aerospace servitization took place in three different ways in order to move from
certifying demanded products towards focusing on underlying problems and make bigger leaps in
innovation with the customer in mind. First servitization was a learning process to gain capabilities
to focus on the customer perspective, and develop service-oriented propositions, not only for R&D
but also in other departments such as sales. Second, it was also a ‘political’ process where both
internally and externally relations were redefined, or established. Zodiac Aerospace visually mapped
its current and desired internal and external actors, relationships as well as the value streams to get
a grip on this process. Third, servitization leveraged a strategic process where KPI’s of departments
were redefined as well as long-term roadmaps and future scenario’s were developed not only for
the entire company but also the different business units.

Figure 1 provides an overview of the general lessons learned by Zodiac Aerospace. It discusses the
needs Zodiac Aerospace encountered and which activities were undertaken to address the needs.
Zodiac Aerospace worked with simultaneous processes of developing service concepts next to
“keeping the shop open” and delivering for current customer demands. These two interests collided
on different occasions, specifically when assigning staff to projects, giving priority to projects and
dedicating funds. In the past three years with Zodiac Aerospace we identified three key-moments
that were important for the success of servitization. They can be regarded as tipping points, which
enabled to leverage the opportunities for servitization. These moments were: 1. When Zodiac
Aerospace moved from a bottom up to top down approach in addressing services, as servitization
was recognized as a possible strategy by upper management (by doing so more resources could be
dedicated), 2. When the activities moved from R&D to elsewhere in the organization (other silo’s,
and countries) and 3. When Zodiac Aerospace decided to go public (towards their clients but also on
industry meetings) with their efforts to deliver service-enabling systems.

7. CONCLUSIONS AND IMPLICATIONS

This paper presents a first exploration of all activities undertaken within Zodiac Aerospace in the
past three years. By linking the activities to the existing body of knowledge on servitization, our
understanding of the transition process in practice is extended, at the same time providing more
structure for the next steps planned by Zodiac Aerospace. This paper documents the first phase of
the servitization roadmap, as the second phase is currently taking place, more publications will
follow documenting the following actions within Zodiac Aerospace. The case of Zodiac Aerospace
shows how a manufacturing organization can pace its servitization efforts and which challenges are
worthwhile addressing first since they have a domino effect in the organization (in the case of Zodiac
Aerospace, the most primary ones were: bringing in the customer perspective and building
credibility for services).
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Figure 1: Lessons learned from Zodiac Aerospace: How did they address their needs?

At the moment Zodiac Aerospace is experiencing a tipping point in their journey. Where the first
phase was organized to infuse the organization with a service mindset using a bottom up approach,
the next phase requires a clearly outlined strategy from top down in order to support Zodiac
Aerospace to restructure the internal organization for servitization. Upper management has at this
point recognized the potential value of servitization as a strategy but is still defining its approach
structure. This will be one of the primary steps to be taken next. The discussed roadmap enables
these next steps as it provides insight into what to expect and what kind of measures to be taken.
We identify this tipping point also as an important topic for further investigation in future research
as well as an important moment during servitization that needs to be recognized and addressed.

With regard to the potential of design to support servitization, the following elements are identified
as prime targets for future research: The action-oriented or hands-on approach that design brings,
with intermediate tangible results that can be easily communicated with stakeholders, the ability to
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deal with complex matters through visual representations (acting as boundary objects), and the
experience-centered perspective focusing on bringing the values of various stakeholders together in
designing new product-service systems.

In the process of experiencing organizational transformation Zodiac Aerospace has acknowledged
the support of academic knowledge through diagnosis, reflection, evaluation, and structure provided
by theoretical advancements. Furthermore, having academic researchers on board supported the
credibility and rigour of servitization through different management layers in the organization.
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SOCIAL AND COLLABORATIVE SERVICES FOR ORGANIZATIONS: BACK TO REQUIREMENTS

Mayla Alimam, Emmanuel Bertin & Noel Crespi

ABSTRACT

Social and collaborative services have widely spread within the enterprises as they play a part in
improving productivity and business outcomes. However, the deployment of these services
fluctuates between success and failure. This paper intends to assess their deployment and how they
can contribute to value creation in different industries. We investigate the relationship between the
services’ functionalities and the organizational requirement of these services represented by the
coordination. We also consider the organizational transformation driven by servitization and
emphasize its impact on the act of coordination. We highlight the tight correlation between the
functionalities and the requirement in organic forms which suggests a successful deployment in such
enterprises. We nonetheless find that, when the servitization is a strategic intent in organizations
with mechanistic characteristics, deploying social and collaborative services can contribute to
achieving this aim.

Key words: social and collaborative services, mechanistic form, organic form, organizational
evolution, servitization, coordination

1. INTRODUCTION

IT services within the enterprises are enabling technologies applied to facilitate the execution of the
enterprise’s business activities and hence, increase their performance and improve their
productivity. Traditionally, these services have been the Information Systems (IS), being delivered in
different models such as intranet, Enterprise Resource Planning (ERP) and Electronic Data
Interchange (EDI). A continuous evolution of these services is yet observed and new products
labelled as “social” or “web 2.0” have appeared and swept through the popular culture to reach the
industries. From Computer Supported Collaborative Work tools to Enterprise 2.0 to Enterprise Social
software, these social and collaborative services are increasingly being considered in organizations’
strategic IT roadmaps. They are attracting enterprises’ top management as they contribute to value
creation. Based on a survey covering 4,200 companies around the world, the McKinsey Global
Institute outlines that 70% of these companies are deploying social and collaborative services (Chui
et al. 2012). However, this deployment is not been adequately successful. Only 3% of the companies
are declared as fully benefiting of these services.

Researches addressing social and collaborative services in the enterprises are still at an early age.
They often focus on their deployment while defining guidelines and outlining factors that promote
their adoption (McAfee 2013, Buregio et al. 2015, Yang et al. 2013, Komarov et al. 2014). Even
though some studies characterize the social and collaborative services, they fall within the scope of
business activities (Williams and Schubert 2011, Kuettner et al. 2013). They assess their impact on
enterprises by examining their context of use, which supports different types of activities. A
complementary focus is however necessary to take account of the actual organizational needs for
such services, along with the organizational transformation trend. Indeed, today’s companies are
evolving (Daft 2012), and market analysis is highlighting the current servitization process especially
in technology driven industries (Marks et al. 2011). As different types of enterprises involve different
ways of working, deploying social and collaboration services will, in its turn, differ in accordance with
enterprise types.
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This paper investigates the relationship between the nature of social and collaborative services and
the organizations’ characteristics for the purpose of assessing the deployment of these services in
different organizations. Our methodology consists of the following: on the one hand, by looking into
how these services have evolved over the years, we identify several distinctive functionalities that
make them uniquely powerful and urge to their adoption in the enterprises. On the other hand, we
examine the basic requirements of such services in organizations in order to identify the key
organizational need that requires to be aligned with these services. In addition, we consider the
evolution of the organizational forms and how organizations are migrating from traditional,
mechanistic and product-centric business towards more organic forms such as service-oriented
enterprises and ecosystems. We emphasize the impact of this organizational transformation on their
requirement. Finally, we examine the correlation between the services’ functionalities and the
organizational requirement in different forms. The rest of the paper is structured as follows: Part 2
explores the functionalities of social and collaborative services. Part 3 examines the basic
requirements of such services in the organizations. Part 4 describes the relationship between the
services and the organizations. Part 5 gives the conclusions.

2. EXPLORING SOCIAL AND COLLABORATIVE SERVICES

A large variety of terms have been coined until present to describe the social and collaborative
services in the organizations. Some of them were equivalents to others representing shared
concepts. Some others introduced new capabilities with their emergence. We trace the evolution of
these services over the years while deriving the main functionalities that they are offering.

2.1 Evolution of Social and Collaborative Services

Social and collaborative services can be either tools comprising one or several applications,
potentially integrated within the enterprise’s system in use (e.g. integrated instant messaging and
email services as an independent application or an accessible service through the employee’s
portal), or otherwise, full-feature platforms that accumulate several services in one single place (e.g.
an enterprise social network).

The 1980s and 1990s witnessed a conflicting use of terminology including Groupware, Group Support
Systems (CSS, previously group decision support systems) and Computer Supported
Collaborative/Cooperative Work (CSCW) to describe the study of technology and coordination of
groups with multi-disciplinary perspectives. CSCW was the term held by the academic community for
an annual CSCW conference since 1986 whereas groupware continued to appear in both CSS and
CSCW literatures (Allen 2004).

The term Social Software substituted Groupware (Shirky 2003) and got into more common usage in
the 2000s (Grudin 1994). However, its popularity is probably related to the convergence of
technological, cultural and societal factors that has brought the desire and the ability for people to
use technology to communicate, connect and collaborate (Cook 2008) with the aim of developing
new social connections and earning reputation in communities (Farnham et al. 2004).

The emergence of Web 2.0 in 2004 and the similarities of its concepts with the social software led to
the introduction of Enterprise 2.0 (E2.0) which was defined as “the use of emergent social software
platforms within companies, or between companies and their partners or customers” (McAfee
2006). This latter, entitled Enterprise Social Network (ESN) or Enterprise Social System (ESS),
penetrated the enterprises as online social networks for employees’ professional exchange
(Mathiesen and Fielt 2013).
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2.2 Main Functionalities of Current Services

Through the evolution presented in the above section, we observe different standpoints regarding
the functionalities of social and collaborative services. We agglomerate features that have been
outlined in previous seminal researches into a single list representing the main functionalities of
current services.

From the perspective of CSCW, Grudin and Poltrock (Grudin and Poltrock 2013) introduce a
framework categorizing the features they observed in developed CSCW technologies. They identify
three variables describing the technologies’ behaviour and evaluate each of the variables according
to temporal determinants, i.e. whether being practiced on real time basis or asynchronously. Their
proposed behaviour categories are: communication (e.g. emails), information sharing (e.g.
document management systems) and collaborative coordination (e.g. group calendars and social
networks).

From the perspective of E2.0, the technologies are built into platforms linking together collaborators
by new ways of communicating. The communication processes are performed either through
channels, i.e. person to person / persons, or following a publish/subscribe pattern (Eugster et al.
2003) over communities on a larger public scale. Since he has coined the term E2.0, Andrew McAfee
is continuously emphasizing, in his work, the practice of knowledge management and information
exchange that is ensured by these forms of communication processes (McAfee 2006, McAfee 2013).

Moreover, current services such as ESSs, surpass their predecessors by enabling a social interaction
between the users while controlling their rights and distributing the access, e.g. controlling the
ability to create, modify or access a content through the service (Chui et al. 2012).

Bringing together all the mentioned functionalities delivers the following list: communication,
supporting knowledge management which includes information sharing and organizing,
collaborative coordination, supporting teams represented by the social interaction between group
or community members, supporting social behaviours and providing the ability to build a social
network of strong and weak ties, supporting different levels of access and controlling rights. This list
is summarized in Table 1.

Functionalities of Services
Communication

Knowledge management
Collaborative coordination

Team support

Social behaviour
Controlled access and rights

Table 1: Main functionalities of social and collaborative services

3. ORGANIZATIONAL REQUIREMENTS FOR DEPLOYING SOCIAL AND COLLABORATIVE SERVICES
The various functionalities we introduced above are related differently to the organizations
according to the organizational form of each enterprise.

3.1 Evolution in Organizations: Towards Servitization

Standing as a mean to accomplish the organization’s overall goals, organization’s forms are indeed
not all similar. They vary in accordance with the organization’s management and strategy. In fact,
they balance between two edges: the mechanistic edge and the organic edge (Burns and Stalker
1972, Daft 2012). On the one hand, the mechanistic model represents the rigidity and the verticality
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of strictly formalized business processes, as for instance in Fordist or bureaucratic organizations. On
the other hand, the organic model represents the fluidity and the horizontality (Ylinen et al. 2014).
The latter model is increasingly becoming a goal for companies searching to face sustainable
challenges such as the organization’s growing size and the competitive changeable environment
outside its boundaries (Daft 2012). The transformation between the two edges is led in
manufacturing firms by servitization, driving the company towards service provision (Vendrell-
Herrero et al. 2014). It engenders new ways of working that require being investigated and equipped
with the appropriate IT services (Baines and Howard 2013). In both models, the major driver for
social and collaborative services consists in supporting and enhancing the coordination.

3.2 Coordination: the Key Requirement in Organizations

Coordination is described in the literature as the linkage between parts of an organization (Van de
Ven et al. 1976). It represents the core of collaborative work and the driver for achieving the
organizations’ activities and processes (Okhuysen 2009). Consequently, equipping this key
requirement with powerful IT services such as the social and collaborative services may ensure a
better accomplishment of the interdependent tasks. Nevertheless, the form of this coordination
diverges considerably in organizations. In fact, it is tightly related to the dominant organizational
structure.

Mechanistic organizations imply a high formalization and respect of standard procedure. In a pre-
defined manner, information flows vertically up the organization’s hierarchy and business processes
get broken down into strict tasks (Daft 2012).

Moving towards organic forms such as service-oriented companies and ecosystems, coordination’s
complexity strongly rises. Employee empowerment (Jiang et al. 2011) and the new ways of working
occurring in these forms cause the information to flow cross-departmentally and in all directions.
This results in a large amount of information to be handled and might therefore get challenged by an
information overcharge.

4. RELATIONSHIP BETWEEN THE SOCIAL AND COLLABORATIVE SERVICES AND THE
ORGANIZATIONS

Having identified the coordination practices in an organization as its key requirement for deploying
social and collaborative services, we illustrate in this section the relationship between this
requirement on the one hand, and the services represented by their main functionalities on the
other hand. Figure 1 demonstrates this relationship. As shown in the figure, the organizational
evolution is illustrated on a continuum ranging from the mechanistic to the organic edge. The
servitization process represents the evolution axis towards organicity.

Functionalities of Services Organizations

Mechanistic < » Organic

Communication
Knowledge management

Collaborative coordination
Team support

Social behaviour

Controlled access and rights

Il

Figure 1: The relationship between the functionalities of social and collaborative services and the
organizational key requirement
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In fact, the organizational need for each of the services’ functionality is directly linked to the
coordination practices in a particular company. Thus, as the coordination’s complexity levels for the
two extreme models are divergent, the need of functionalities might change. This latter is illustrated
in the Figure 1 for each functionality. For instance, communication is highly important in both
mechanistic and organic models since information flow, whether vertical or horizontal, circulate
through communication. On the other hand, the need for team support is less important in
mechanistic models than in organic ones. This is because of the horizontal cross-departmentally
coordination that is highly required in organic forms.

However, organizations are a hybridization of characteristics of each of the two edges only with
different degrees. They therefore have different degrees of needs depending on their position on
the continuum. Our findings suggest a high correlation between the services’ functionalities and the
organizations on the organic edge. We relate this to their close fit to the way of working in
enterprises with higher organic characteristics such as service-oriented companies. Our findings also
suggest a significant decline of correlation in organizations with more mechanistic characteristic.

These findings underline the relationship between the services and different types of companies.
They suggest that deploying these services in organic companies leads to a successful adoption and
assists, on the other hand, the transformation processes in evolving ones. Giving as an example the
Zero email program announced by Atos in 2011". Gartner’s research note described that program as
“a big change effort” supporting established ways of working and behaviors (Bradley and Searle
2014).

Nevertheless, challenges might arise to influence this success. Such challenges are the organization’s
size, user acceptance of these services, the technology already being in use and its overload effect.

5. CONCLUSION

Describing the relationship between the social and collaborative services and different forms of
organization legitimizes the lack of their deployment’s success in some companies. We highlight the
tight correlation between the services and organicity driven by servitization. Despite some remaining
challenges, the adoption of these services in an organic company should not fail. It shall lead the
company to a better productivity and contribute to its value creation.

Nonetheless, we find that deploying such services in an organization with mechanistic characteristics
assists the company along its journey towards servitization. It tackles some of the barriers that are
challenging the servitization process as for instance, the organization’s architecture and capabilities
(Nudurupati et al. 2013).

To carry out this work, we suggest performing a complete requirement analysis comprising a
detailed study of coordination practices in distinctive organizations. Surveys about the services
implication as well as stakeholder interviews can serve as a feedback to support this academic
research in order to validate the proposed requirement list. Furthermore, an analysis of the features
of different types of services is to be carried out to identify the specifications list that will allow
prototyping future services.
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SERVITIZATION THROUGH HUMAN-DATA INTERACTION: A BEHAVIOURAL APPROACH

Ganna Pogrebna

ABSTRACT

Purpose: This paper proposes a new approach to servitization and business models by
understanding behavioural aspects of human interactions with technology, specifically, with “smart”
devices, connected devices, autonomous systems, and internet of things (loT) through
understanding and interacting with data which these devices and systems generate.
Design/methodology/approach: Proposed approach, Behavioural Human Data Interaction
Hypothesis (Behavioural HDI Hypothesis), which differs from existing literature, leverages on
research in behavioural science, data-driven business models, multi-sided markets, and Human-Data
Interaction (HDI).

Findings: Behavioural HDI Hypothesis can offer a new approach to future markets for data because it
helps to (a) predict consumer choice of product and services; (b) suggest new and improved
interaction mechanisms between consumers and their self-generated data; and (c) propose a new
approach for building and evaluating business models.

Originality/value: To date, very little has been known about whether and how consumers and
households accumulate, review and use self-generated data about consumption decisions and how
this affects market relationships between consumers and providers of goods and services. This paper
shows how Behavioural HDI Hypothesis can make markets for data more efficient through better
personalisation and servitization. It also has implications for data collection visibility, data ownership
and structure, platform trade-off, security and other ICT-related challenges which negatively affect
current business models in the digital economy.

Key words: servitization, data as a service, Human-Data Interaction (HDI), new business models

1. INTRODUCTION

The development of information and communication technology (ICT) in the modern economy has
created opportunities for businesses to provide customised products, services and experiences to
their customers. This customisation became possible due to large volumes of (personal) data which
customers generate on a day-to-day basis and which businesses collect, store and analyse. For many
businesses, the future relies on their ability to process the data in order to accurately predict
consumer preferences and create personalised products, services and experiences in the most cost-
effective way.

Yet, at the moment, data-driven business models through personalisation are still in their infancy as
even companies with access to large amounts of data struggle to create reliable forecasts of future
customer wants and needs to quickly react to changes in market trends. One of the most notable
examples of forecasting inefficiency are so-called recommendation systems (available via major
retailers) which are supposed to make suggestions about what a customer might like to purchase in
the future, but which are in fact rarely used. Furthermore, we also do not see a development of
effective markets for data where consumers of goods and services (henceforth, users) would trade
their self-generated data with producers of goods and services (henceforth, providers) which inhibits
an effective use of data as a service.

This paper first considers reasons for the current data market inefficiencies and then develops a
model of market for data where users and providers interact to develop new business models
utilising different types of data as well as different ways in which this data is perceived by the users.
The proposed model — Behavioural Human-Data Interaction Hypothesis — is based on Data-Driven
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Business Models approach which explains how business models can be developed using data (e.g.,
Hartmann et al. 2014); an open multi-sided markets approach which offers an account of how new
markets with multiple players can be created in the digital economy (Ng 2014); as well as research in
Human-Data Interactions (HDI) research which explains how users interact with data (Mortier et al.
2014). This new Behavioural HDI Hypothesis is also rooted in behavioural science literature and has
significant implications for new business models in the digital economy as well as offering important
solutions for the currently existing ICT-related servitization problems such as data collection
visibility, data ownership and structure, platform trade-offs, and security.

2. MARKETS FOR DATA: PRESENT AND FUTURE

2.1 Current Market for Data: Value and Worth

Let us first consider the current market for data. In this market, users supply data and providers
demand data as described on Figure 1 below. For the purposes of this paper we will concentrate on
user self-generated data which may include personal data (data reflecting behaviour of an individual
user) or social data (the data for the whole household, etc.). Providers demand the data and are
willing to pay the demand price Po for the data (this is how much the data is worth to providers).
This price is relatively high as it allows providers to offer better (more personalised) goods and
services to users and increase providers’ profitability via better understanding user demand for
goods and services as well as via increasing user value. We define providers broadly — this could be
companies which trade data, data analysts, app developers and providers of goods/services.

Users are willing to offer data at a supply price Ps which is perceived by them as very low. On Figure
1 we choose a price level close to 0 in order to describe the level of Ps (this is how much the data is
worth to users). In practice, this price is not expressed in monetary terms, i.e., users do not directly
receive any money from the providers. Instead, it reflects the “cost” of data to users in terms of, e.g.,
loss of privacy, etc.

Abstracting from different types of data as well as from different ways in which the data is perceived
by users and providers, the level of Pb and Ps (shown using the vertical axis) remains stable
irrespective of the quality of the data as a service (shown using the horizontal axis). The data as a
service variable depicts how effectively available data can be converted into meaningful business
models (provision mechanisms). In other words, it reflects the value of the data for providers and
users on the market.

PD

Supply/Demand price of data

Ps

v

Data as a service

Figure 1 Current Model of Market for Data
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We assume that the value of data is the same for providers and users for the following reason. If
providers receive valuable data about user behaviour, they will be able to provide better (more
personalised) goods and services to the users. Therefore, data of higher quality which produces
better predictions of behaviour and lead to an increase in user wellbeing and provider profitability
should be valued higher by both sides of the market (users and providers). In practice, there is, of
course, a lot of uncertainty as to the value of the data (see, e.g. Ng et al. 2015). Yet, this question
requires a separate investigation and for the purposes of this paper we do not consider uncertainty
about the data.

Figure 1 shows that the current market is inefficient: since the disparity between the supply and
demand price for data is very large, the data is not traded. In principle, providers are willing to pay
Po to obtain the data, but users are offering the data at a very low price Ps which means that
providers can either (a) obtain the data themselves at a very low (or even zero) price in which case
they receive a profit margin of Po —Ps > 0 (e.g., Google, Facebook, etc.); or (b) purchase the data
from other providers (intermediaries) at Po in which case intermediaries receive a profit margin
Pp —Ps > 0. Note that the obtained/purchased data can be of low or high quality as captured by the
data as a service variable and the demand/supply price does not depend on it.

2.2 Future Markets for Data Ignoring Behavioural HDI
In recent years, various issues were raised with regard to supply price for data. Specifically, the
development of new technologies (e.g., Eckl and MacWilliams 2009) resulting in concerns about data
ownership (e.g., Evans 2011), data privacy (Itani et al. 2009), as well as the inequality between users
and providers in terms of profit distribution from data usage. Under these circumstances, user
perceptions of data markets have changed giving rise to scepticism about the potential of trading
data with providers. This sceptical view which ignores the fact that people interact with different
types of data in a different way is depicted on Figure 2.
N
Ps

PD

PE

Supply/Demand price of data

v

Data as a service
Figure 2 Future Model of Market for Data without Behavioural HDI

According to this view, providers in the future will still be willing to purchase data at a demand price
Pp. At the same time, the supply price Ps for users will range from very low for less valuable data to
high for more valuable data. Therefore, users will only trade the data with providers at an
equilibrium price PE at the intersection of supply and demand price functions on Figure 2. Effectively,
this means that in order to trade, users would need to provide data of high quality, exert a
significant amount of effort to accumulate the data, and engage with providers. This creates serious
objections to direct user-provider markets for data since the potential logistical costs of users
engaging with providers is very high and very few users would be able to engage with trading data.
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However, applying such a model of market relationships would not be correct because it does not
capture the complex human-data interactions within the digital economy.

3. BEHAVIOURAL HDI HYPOTHESIS AND ITS IMPACT ON BUSINESS MODELS

3.1 Behavioural HDI Hypothesis

The market structures presented in sections 2.1 and 2.2 do not take into account that different types
of data which may be perceived by users differently. Yet, by applying Behavioural HDI Hypothesis we
can show how different types of data (with different value to users and providers) can be
successfully traded on the market for data. Behavioural HDI Hypothesis distinguishes between
traditional data, invasive data, and inventive data (see Figure 3).

Medium effort High effort

eTraditional elnvasive eInventive
Data Data Data

eaggregated as eaggregated as eaggregated as
Content Data Content Data Metadata

Figure 3 Data Types according to Behavioural HDI Hypothesis

The data types presented on Figure 3 differ by the amount of effort which a user needs to exert in
order to engage with each type from low effort (traditional data) to high effort (inventive data). Due
to the fact that users need to exert a different amount of effort to engage with each type of data,
they will perceive the 3 types of data differently.

Traditional data involves minimum/low user effort because it is accumulated by technology which
exists in the households of the majority of users. The data generated by this technology is reviewed
by users on a regular basis and all users can easily assess this data (e.g., data from electricity meters,
water meters and other “traditional” devices).

Invasive data involves medium user effort because it is accumulated by technology which is
accessible and yet non-“standard”. For example, data from mobile applications (apps), smart home
sensors, etc. requires for the user to install the apps or devises and learn how to read and
understand self-generated data obtained through this technology. This type of data is called
“invasive” because this data often influences human behaviour (e.g., fitness apps may make an
individual exercise more).

Inventive data involves maximum/high user effort because it requires for the user to add relevant
content to existing data accumulated through Internet-of-Things (loT). Particularly, inventive data
may require for the user to add context to the data collected through other devices. In other words,
inventive data does not only tell an individual that electricity was used but also stores important
information about who used it, when and which device was turned on. This type of data is called
“inventive” because it requires the user to innovate or co-create together with providers in order to
receive the best-quality informative data.

While traditional and invasive data is used, aggregated and analysed by providers as Content Data
(data which provides information about action events but gives no context about these events such
as, e.g., Big Data or Connected Data), inventive data is accumulated as Metadata (data which
provides information about events in conjunction with their contexts).
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3.2 Perceived Market for Data with Behavioural HDI Hypothesis

Since different types of data under Behavioural HDI Hypothesis are not perceived by users in the
same way, we can modify Figure 2 to introduce different types of data and show how future markets
for data may be affected by these different perceptions.

Previous research (e.g., Parry et al. 2015; Ng et al. 2015) shows that context-dependent data
provides important benefits for customisation, personalisation, and creating new business models.
Therefore, it is likely that the quality of data as a service will increase from traditional to invasive
data and then from invasive to inventive data. Users would demand a higher and higher price Ps as
they go from traditional to invasive and from invasive to inventive data because, according to
Behavioural HDI, they have to exert more and more effort to obtain the data. At the same time,
since under Behavioural HDI, users will not perceive traditional, invasive and inventive data in the
same way, rational providers will anticipate this change in user preferences for data which will result
in changes to demand function for data. Specifically, the demand function for data will follow a
pattern, at first increasing and then stationary. Traditional data will become less valued by providers
and the demand price will be flat on the region covering traditional data. However, for invasive and,
especially, inventive data the demand price will be increasing intersecting with Ps on an interval
covering a large portion of inventive data and forming an interval of equilibrium prices Pe. Such
shape of Pp function even allows for a small portion of invasive data to be traded if this data is of
relatively high quality (see Figure 4).

Supply/Demand price of data

v

Traditional Invasive Inventive

Data as a service

Figure 4 Future Model of Market for Data with Behavioural HDI

Overall, under Behavioural HDI, different user perceptions of traditional, invasive, and inventive data
will result in large portions of data being traded on the data market which will be beneficial for both
users and providers. After reaching its maximum, Po will be flat due to the fact that providers have
budget constraints and beyond a certain point even extremely valuable inventive data will become
too costly for providers.

Behavioural HDI provides a system of market relationships through which providers can better fulfil
users’ wants and needs by better understanding their preferences and offering better (more
personalised) services. It also suggests new and improved interaction mechanisms between users
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and providers as they have an opportunity to directly trade data on the market. It also may offer
new approaches for building and evaluating business models. Specifically, business models can be
evaluated based on the user effort level necessary to engage with providers, the actual price at
which the data is traded (top of bottom of the Pt interval), etc.

4. IMPLICATIONS OF BEHAVIOURAL HDI

The proposed approach has several important implications not only for new business models but
also for research and practice of data collection visibility, data ownership structure, platform trade-
offs and security of data.

Current ICT systems often collect data in ways which are subtle to users: many people do not realise
that their supermarket or coffee shop club cards, smartphones or social media webpages constantly
collect and accumulate their personal data. Even though providers seem to believe that users prefer
subtle data collection to visible (judging, for example, from the caution around the deployment of
Google Glass), it is not clear whether users actually prefer devices which collect their personal data
in a subtle way to those which do it in a visible way. It is also not clear whether users are more
concerned about the visibility of data collection or about the possibility that a device maybe
collecting information which is unknown to the user. Behavioural HDI allows us to study these issues
systematically by eliciting user preferences over different types of data.

Since the supply of data is dependent on the technology, the ownership of the data often remains
with the technology owner. For example, Internet search data trends are owned by large
corporations (e.g., Google) or supermarket data owned by large supermarkets (e.g., Tesco) and it is
often difficult or even impossible for individual users to obtain their self-generated data.
Furthermore, the data collection mechanism, structure, representation, storage and, therefore, the
potential applicability of the data is dependent on the technology, i.e., the nature of how the data is
collected affects how it could be used. Since such data often has a vertical structure, it is primarily
beneficial to companies and not to individual users. However, it is not clear whether users would be
interested in having access to their own data (should they be able to view their data in a different
way through novel visualisation mechanisms) or prefer to outsource data management and analysis
to a third party which would then present it in a meaningful way and communicate it to each user as
a set summary statistics or recommendations. Understanding these individual preferences is very
important and Behavioural HDI can provide novel data ownership solutions through increased user
participation in data markets.

All providers have platforms for their loT devices such as “smart” sensors within the home, apps, and
wearable devices. Increasingly, platforms emerge which offer reporting services across many of the
same provider’s products. This causes “vendor lock-ins”. Consider an individual who owns a
technology produced by a certain provider (provider A). When a user is next presented with a choice
between two new technologies, of which one is made by provider A and another by a new provider
(provider B), the “convenient” decision for the user is to opt for technology from provider A because
it allows this user to stay with the current platform instead of using two different platforms or
switching to a new platform. As a result, users may not always choose the best or cheapest
technology or device weighing their decision more on their existing products and on how an
additional technology benefits the overall platform than how it performs on its own. Behavioural
HDI allows users to differentiate between data types and provider propositions on the market which
can give users more information about how to make most effective decisions.

Privacy, confidentiality, and trust issues of data, especially invasive and inventive data, can impact
individual behaviour. While Behavioural HDI does not aim to influence the area of privacy directly,
data protection mechanisms are significantly more manageable if the data is partitioned into
different types. Inventive data is collected and shared by the users under their own control and,
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therefore, private information is unlikely to be shared again user’s will (e.g., Ng 2014). At the same
time, traditional and invasive data, especially when combined through linking and re-matching data
from different sources, may pose challenges for privacy. Behavioural HDI may offer a systematic
approach to policy regulation of traditional and invasive data by identifying data types and market
relationships with high risk of privacy infringement.

Behavioural HDI is useful for business practice. The understanding of the types of data as well as
different ways in which these data are perceived by consumers can allow businesses to (a) decrease
uncertainty about the value of the consumer-generated data; (b) simplify consumer-business
interactions; and (c) motivate consumers to collect and supply high-quality data to businesses. By
incorporating Behavioural HDI into their business models, companies can create systems which
would allow them to quickly aggregate and use data to accurately anticipate consumer demand and
produce customised products and services. Behavioural HDI can change recommendation systems
(available via major retailers) to co-creation systems where instead of making recommendations to
consumers, companies can collect data on features of products which consumers may need or want
in the future and cater to consumer needs making full use of data as a service.
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THREE DIMENSIONAL PRINTING TECHNOLOGY SUPPORTING DEFENCE SERVICE SYSTEMS

John P.T. Mo, Karim Ghaoui

ABSTRACT

Purpose: Equipment utilised in a defence system may be geographically dispersed and any
associated spares that may be required to support mission systems may not be immediately
delivered to an operating defence site or customer. Current day defence program budgets,
particularly support system budgets, cannot be achieved due to associated supply chain constraints.
Design/methodology/approach: This research the commercially available 3D printing technology
into the support system architectures of defence programs.

Findings: The viability of 3D printing supporting defence system has been evaluated under three
components, i.e. the qualitative assessment, contractual and IP constraints, and optimization of
quantitative model.

Originality/value: This research proposes an alternative support solution within time and cost
boundaries that allow for reductions in defence program budgets as well as improvements in
program performance.

Key words: 3D printing, defence service system, contractual constraints, qualitative analysis,
quantitative analysis

1. INTRODUCTION

Three dimensional (3D) printing or sometimes called additive manufacturing works by constructing
layers and adding material to sections of the part. The process allows for the fabrication of new,
weight optimized parts so that systems like aircraft can significantly cut fuel consumption. However,
it also opens the door to making counterfeit parts for commercial or defence operations, designed
for sabotage (Berman, 2012).

3D printing is shifting from a pure rapid prototyping technology to serious production readiness. It
does not require sophisticated tooling or manufacturing machines and is therefore opening up new
market opportunities for machines’ suppliers and support service providers to supply parts at short
notice. It has been estimated that the market for systems, service and materials for 3D printing will
be EUR 1.7 billion in 2012 and is expected to quadruple over the next 10 years (Roland Berger
Consultants, 2013). Furthermore, in 2010, 3D printing machines were generally ranging in price from
$20,000. In 2013, the price dropped to less than $1,000, making the technology increasingly
commercially attractive.

Inadequate spare part stocks, or item obsolescence, can lead to unavailability of systems and loss of
revenue if subsystems or items fail and cannot be replaced. 3D printing technologies have the
potential to replace damaged or broken components but application in defence sustainment
programs is still limited due to commercial and contractual constraints within defence agreements,
supplier data, and contracting issues associated with the 3D printing of third party manufactured
items (Bak, 2003). However, there is a lack of systematic study of these constraints.

Many companies have tried the technology but they are unable to use 3D printed parts in their
service contracts due to numerous restrictions. Hence, the progress of introducing this technique to
supporting defence service systems is slow. This paper fills the knowledge gap by developing a
systematic approach to evaluate different support scenarios with 3D printed part supplies.
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2. LITERATURE REVIEW

3D printing is a manufacturing process that allows the creation of complex or illogical shapes using
readily available software packages (Lipson & Kurman, 2013). These shapes are allowed to
materialize using a 3D printer, where moulding or machining techniques are incapable of producing
similar outcomes. Irrespective of the actual physical manufacturing process, the 3D Printing process
is carried out in two stages:

1. The direct transfer of data from software to printed structures; and
2. The repeated repositioning of the printed head in all three directions in space such that an
object is printed layer by layer.

Wittbrodt (2013) evaluated the economic aspects of 3D printing for 20 products. The parameters
measured include printing costs, high and low retail costs, and the percent change in the high and
low cases. The results demonstrated substantial cost savings for distributed manufacturing over
purchasing from online retailers. The total operating cost for printing the 20 selected products was
approximately USD $20 including energy and feedstock costs. However, Wittbrodt’s study did not
take into account detailed financial variables such as energy cost escalation rates, inflation, discount
factors, loan rates/capital costs, or opportunity costs.

One of the primary concerns with the viability of wide-scale use of 3D printers is quality. Islam et al
(2013) studied the dimensional accuracy of 3D printed components and notable consistent
deviations causing inherent size errors associated with the 3D printing process. Technically, at this
point in time, compliance with measurable quality standards remains unspecified. There are few
current studies or texts that address the quality of 3D printed parts. According to Jenkins (2006),
with appropriate levels of expertise, 3D printing technology can integrate digital and physical
production. Ratto & Ree (2012) acknowledged that these changes represented a shift in cultural
conceptions of property, seeing the ‘mash—up’ culture of the Web as creating new kinds of value.
However, most also understood how current owners of IP might see desktop fabrication as a threat.
Individuals were unsure how fabricated objects might participate in current IP regimes. Campbell et
at (2011) further predicted that 3D printing could be applied to bio-printing of human organs,
weapons and shift of production from capitalist to less developed countries where control of IP is a
problem.

BAE Systems Australia has completed a three-month trial at Edinburgh Parks to produce 3D printed
plastic parts (Sysourphat, 2013). The trial aimed to raise awareness of 3D printing for customer
solution development and delivery, and to test how 3D printing could complement BAE Systems’
service offering. The trial outcomes included the following:

= Around 300 parts were manufactured for various business units.

= Parts up to 20 cm in size were manufactured for jigs, visualisation and product applications.

= The trial proved 3D printing was a fast process, cost competitive for small production runs
and could deal with complex, integrated mechanical designs.

= BAE Systems’ Australian business considered using 3D printing to expand the organisation’s
advanced manufacturing capabilities to support defence systems.

Literature review and the trail by BAE Systems Australia show that to study the viability of 3D
printing in defence applications, three inter-related analyses should be considered:

1. A qualitative assessment of the feasibility of introducing this technology to the service
environment,

2. A study scoping contractual constraints and intellectual property (IP) agreements, and

3. Ananalysis and optimisation model which closes the loop with a quantitative assessment.
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The purpose of this paper is to explore the systematic methods of analysing the support system with
respect to application of 3D printing technologies.

3. ASSESSMENT OF THE SUPPORT SYSTEM

A services and support contract includes incentives and penalties against agreed service levels.
Hence, the service contract requires a thorough understanding of how the engineering system works
and how the supporting systems around the asset should operate to achieve the desirable
performance (Baines et al, 2007). The shift in business environment and model has driven the
research need for new methods and processes to design service solutions for complex systems, for
example, applying 3D printing for achieving successful service delivery on time on budget. The
objective is to “get the best value for money” on supporting asset capabilities for the asset owner.

3.1 Qualitative Assessment

An efficient support organisation is able to restore a failing technical system to the normal state as
fast as possible. In designing support solutions, due to the interacting relationships between the
customer and the service provider, the characteristics of both service elements and hard system
components must be integrated into the service system with a critical reasoning process that aims to
produce a solution design in unison with all parties involved in the performance based contract (Mo,
2011).

For efficient operations service personnel need easy access to spare parts. A special warehouse
called a depot is used to store both repairable and discardable (i.e. non-repairable). The stock level is
determined by the normal inventory practices such as economic order quantity. Apart from minor
repairs done at the depot, most broken items are sent to a workshop for repair. The time it takes for
an item to be repaired is called turn-around-time (TAT). However, TAT depends on the
manufacturers’ work priority and is not reliable, especially when the part is required urgently and it
is out of stock due to many reasons, e.g. end of supply cycle, high consumption in special operations.

The concept of 3D printing is to make the spare parts on demand. Insinna (2014) reported that
sailors operated a 3D printer on board a ship. The 3D printers have to withstand the harsh maritime
environment and be subjected to the pitch, the roll, the yaw of a ship. With these added forces,
there are factors to consider such as tolerances, and how the printer itself reacts to those other
forces. These challenges are slowly overcome by advancement of technology (Thompson et al,
2009). Hence, a qualitative assessment on the feasibility of 3D printing on demand is required.

3.2 Contractual and IP Constraints

Apart from the operating constraints, many other constraints can affect the viability of 3D printing to
be used in the defence environment. These contracts and regulatory requirements should be
reviewed prior to the application of 3D printing technology.

e  Certification — an issue associated with the 3-D printing of components within an
engineering system. For example, NASA has identified that all environmental and
qualification tests of 3-D printed parts required for flight and safety certification were
conducted at Marshall in several client facilities (Anderson, 2014).

e  Safety Risks - 3D printers can be relatively complex. There is growing concern with not-so-
obvious ones, such as airborne emissions and indoor air quality. Further study is needed
before standards can be put in place, but some printers have been shown to emit
significant amounts of ultrafine particles (UFP) (Stephens et al, 2013).

e  Obsolescence - The key advantage associated with managing equipment obsolescence,
barring any IP agreements, is that once a spare part is required once obsolete this part can
be scanned, even if broken (Maxwell, 2012),. The broken elements may be reconnected on
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the digital file, a new spare may simply be printed.

e Defence (Contractual) Constraints — Product manufacturers, particularly in defence
specific manufacturing, generally patent their products such that the technology employed
may not be replicated or reverse engineered and introduced into different products
(Walker K., 2014).

3.3 Cost analysis and optimization

There are many costs related to support of the technical system, for example costs for maintenance
personnel, discardable items, repair costs, facilities, maintenance tools and equipment. Other cost
parameters are acquisition/development costs, operating costs and phase-out costs. Together with
these life support costs (LSC), these cost parameters account for the Life-Cycle Cost (LCC) of the
system. When designing the support organisation these support costs should be minimized but they
are influenced by the operational availability (A) of a technical system. When the system is down,
due to some sort of failure, the owner can't sell their services. The operational availability, A, of a
technical system is given as:

A = MTBF/(MTBF + MDT) (1)

where MTBF is the mean time between failures and MDT is the mean downtime. Downtime refers to
the time the system is unavailable and fails to provide its primary function. Equation (1) indicates
that there are two parameters affecting the availability of a system. The most effective way to
ensure a high availability is obviously to have long MTBF and low MDT. A problem is that
improvements on MTBF and MDT are expensive. MTBF can mainly be affected by investing in more
reliable, often more expensive items (if there are any). A support organisation can also increase
MTBF of the system by doing more frequent inspections of item condition and/or introduce shorter
service intervals. However, this tactic is expensive and it increases MDT. Compared to MTBF there
are more ways in which a support organisation can affect MDT:

a. Faster transportations of staff and items
b. Stock optimisation
c. Shortening of lead times

The feasibility of using 3D technology is also governed by quantitative assessment in terms of
financial viability and availability. Since each application is different, the quantitative assessment
must be carried out for individual support systems. The problem is that there are many possible
combinations of parameters affecting MDT.

4. QUANTITATIVE RESULTS

We use a real support solution with 10 defence systems as a case to illustrate the assessment
process. These defence systems are selected because they have no contractual and IP constraints,
and that the 3D printing facilities are well equipped in the satellite store locations.

The storage concept is to have a central store for spares, mainly Line Replaceable Units (LRUs). Five
of the systems are located at sites fairly close to the central store. The average transportation time
from the central store is 1 day and to the store 2 days. The 5 systems with the longest distance to
the central store are given a common Regional Store. Other system parameters were adapted from
actual data. Since there are thousands of spare parts on a system, the effect of changes in supply of
parts to the availability of the defence system is complex. We used a software OPUS10 to analyse
and find an optimal storage policy for spare parts, including stock sizes and reordering points.
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4.1 Original scenario — no 3D printing
The organizational plot (Figure 1) shows that parts are stored at central store and distributed to the
required service.

Figure 2 shows the C/E diagram. The point (Point 30) selected on the Cost/Effectiveness, Availability
versus Cost curve fulfils the criteria to achieve the best possible availability for the return on
investment. The graph indicates that to achieve an availability of 94.92%, a Life Support Cost (LSC) of
spares investment of AUD $1,350,499 is required.

Quantity System 1D
10 SYSTEM EXERCISE

Figure 1: Organisational Plot
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Figure 2: Original Scenario Cost/Effectiveness Curve Diagram Result

4.2 Modified scenario 1

The 3D printable items within System 6-10 may also be printed within proximity of the operating
site, a new DEPOT station identifier under the description of ‘CLOSE STORE X' is established. Figure 3
shows the organisational plot for scenario 1 where systems 6 to 10 are served by 3D printed parts.

‘Support crganization
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Figure 3: Support Organisation Modified Scenario 1

The scenario suggests that all consumables or items listed to be re-ordered rather than repaired are
capable of being 3D printed. Hence the revised model is based on the assumption that the original
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Lead Time of 336 hours is now reduced to 8 hours, which is the time required for the consumable
parts TBUO8, and TBU18 to TBU21 to be printed and ready for replacement. Also note that the
Ordering setup cost ‘ORDSC’ field has been reduced from AUD 400 to AUD 50 to reflect the
reduction in administrative set up costs. Figure 4 shows the C/E curve for scenario 1.
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Figure 4: Scenario 1 Cost/Effectiveness Curve Diagram Result

The optimum point to select as demonstrated in Figure 4 is point (Point 28). The selected point on
the Cost/Effectiveness, Availability versus Cost curve fulfils the criteria to achieve the best possible
availability for the return on investment. The graph indicates that to achieve an availability of
95.37%, a Life Support Cost (LSC) of spares investment of AUD $1,338,780 is required.

4.3 Modified scenario 2 — more printable items
In Scenario 2, the assumption is made such that 5 repairable items are also 3D printable and the
time required to return to service is 8 hours rather 730 hours. The C/E curve is shown in Figure 5.

The point (Point 31) selected on the Cost/Effectiveness, Availability versus Cost curve fulfils the
criteria to achieve the best possible availability for the return on investment. The graph indicates
that to achieve an availability of 95.84%, a Life Support Cost (LSC) of spares investment of AUD
$1,262,158 is required.
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Figure 5 - Scenario 2 Cost/Effectiveness Curve Diagram Result

4.4 Evaluation of Qualitative Results

A comparison of the system reliability changes indicates that the measured parameters remained
unchanged. This is an expected outcome as the reliability accounts for every line item in the system
and the quantity of items and the expected failure rates remained unchanged. Therefore the Mean
Time Between Failure (MTBF) of the system, which is an inherent property of each component and is
summed throughout the system, as well as the inherent availability which only additionally accounts
for time to repair, remain unchanged regardless of the support organizational strategy used.

The spares recommendations demonstrate the reduction in the spares stock size. The trend
indicates further reduction in spares stock sizes and hence organizational costs once the 3D printing
capability is further imbedded into the support organization. These costs include, maintenance,
transport and holding costs. The modelling results indicate that the mean downtime of the systems
decreases, and the system availability increases.

The number “not operationally ready” (NOR) indicates the quantity of unavailable systems. This is
calculated directly from knowing the number of systems deployed per system position, per system
or per station, or in total (NS), as a product with the inverse of system operational availability, NOR =
NS x (1-A) . The 3-D printed models assume that required spares are printed on demands. Therefore,
it is an expected result that the 3-D printed scenarios have a quantity of items not operationally
ready that exceeds the traditional sparing organization.

Note that there are no cost savings in the Modified Scenario 1 of the 3-D printer applications. This is
due to the fact that only discardable items were highlighted as 3-D printable items in the Modified
Scenario 1. The maintenance policy with discard items is to repair by removal and replacement and
by the reordering of required items. Corrective maintenance costs are affected in Modified Scenario
2 where LRUs which are repairable are modelled in a 3-D printing support organization scenario.

The Risk of Item Shortage increases with the introduction of increased 3-D printing into the support
organization. Mathematically, this is correct as the model accounts for the fact that there are no
spares in stock for a 3-D printable item, increasing the risk of not readily replacing a broken
component.
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5. CONCLUSION

This paper has reviewed the literature and the outcome of the trail by BAE Systems Australia. The
initial review shows that to assess 3D printing in defence applications, three inter-related analyses
should be considered. This paper explored these methods of analysing the support system with
respect to application of 3D printing technologies.

First, the qualitative assessment takes into account the practicality of using 3D printing technology,
including the application conditions, accuracy and time frame. The qualitative assessment ensures
feasibility of introducing this technology to the service environment. Second, the service contract
and IP arrangement must be resolved prior to the production of 3D printed parts. This problem is
particularly tricky when the system to be supported is not designed and manufactured by the
servicing contractor.

The research has used a real support solution with 10 defence systems which fulfils the above
conditions. The effect of 3D printing has been analysed not only on the costs but also the support
system structure and out of system constraints. The support system structure refers to variations in
the extent of applying 3D parts in the systems. Three scenarios are studied in which the key
performance including system reliability, item consumption costs, spare holdings, downtimes,
transport costs, corrective maintenance costs are different. The result shows that a holistic solution
that covers the system, both within and outside the support solution, can only be achieved when
adequate corporate processes are established. The practical implication of these processes and
their development will need further research.
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THE IMPACT OF DIGITAL TECHNOLOGIES AND ECOSYSTEMS ON THE SERVITIZAZION OF OMPANIES:
A PRELIMINARY ANALYSIS

Marco Ardolino, Nicola Saccani & Marco Perona

ABSTRACT

Purpose: This paper describes an ongoing research program and presents the preliminary results of
a literature review aimed at defining the enabling role of digital technologies, business ecosystems
and platforms in the servitization process through the provision of customer-centric solutions.
Design/methodology/approach: Literature review

Findings: The description of each block forming the research framework that grounds the research
program is provided. Moreover some example of the enabling role of digital technologies and
business platforms is presented in the paper.

Originality/value: The concept of customer-centric solution is introduced in this paper as a model
that could be potentially enabled by the exploitation of digital technologies and through a business
platform to which several actors contribute, forming a business ecosystem.

Keywords: Servitization; Customer-centric solutions; Digital technologies; Business ecosystems,
Business platforms

1. INTRODUCTION

In recent years the competition among manufacturers has become tighter due to phenomena such
as globalization and the increasing request for more customized offers by customers. Moreover,
achieving a great customer experience has become an essential element to enhance customer
satisfaction and increase revenues. Due to these trends, several companies moved from the
production and sale of products or systems, to the provision of customer-centric solutions through a
process named servitization (Vandermerwe and Rada, 1989; Davies et al. 2004; Tuli et al. 2007;
Storbacka, 2011).

The literature has highlighted different enablers of the servitization process: one of the most
important is technology and, in particular, ICT (Kowalkowski, Kindstrom and Gebauer, 2013). The
diffusion of digitization and the enhancement of digital technologies like the mobile Internet, the
Internet of Things (IoT) and cloud computing have the potentialities to support this transformation.
Notable case studies show these trends; Apple has become the largest worldwide music seller after
the creation of the iTunes® store, while Rolls Royce has pervasively adopted sensors able to monitor
24/7 the airplane engine status in the TotalCare® program. In this case the technology plays an
essential role in increasing customer value, providing “smarter” services, improving service planning
and delivery efficiency and enabling deeper customer relationships (Penttinen and Palmer, 2007).

These developments are also paralleled (and often enabled) by the development of ecosystems of
actors collaborating in the creation and delivery of an integrated solution through the exploitation of
a platform (Cusumano, 2010b; Gawer and Cusumano, 2014). The adoption of a platforms supported
by a business ecosystem gives two important advantages, namely: 1) the possibility to exploit
different competences and capabilities in order to enrich the features of the solution provided to the
customer; 2) the opportunity for the customer to take advantage of the typical modularisation
characteristics of the platform which increases the customizability of the solution.

This paper describes an on going research program and presents the preliminary results of a

literature review aimed at defining the enabling role of digital technologies, business ecosystems
and platforms in the provision of customer-centric solutions by companies (not only manufacturing
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ones). The objective of this paper, in particular, is to present the research framework developed for
this study (see Section 3).

The paper structure is the following. The next section provides a background of the research
program with the analysis of main enablers and obstacles linked with the servitization process,
focusing in particular on the role of ICT. Section 3 deals with the analysis of each block that forms
the research framework, namely: customer centric solution, platform, business ecosystem and
digital technologies. Finally, in section 4, conclusions and future steps of the research program are
presented.

2. SERVITIZATION DRIVERS, ENABLERS AND THE ROLE OF ICT

Concerning the drivers for moving from products to solutions, the literature agrees that companies
aim at achieving benefits along three directions: financial, strategic and marketing (Gebauer, Fleisch
and Friedli, 2005). In particular they found the important role of leadership, vision, and marketing on
the effectiveness of servitization strategies. According to Paiola et al. (2013), also integration and
service capabilities are key enablers to provide customer-specific solutions that may be developed
internally, externally or in a mixed way. As the relationships with customers are crucial in the
provision of integrated solutions, another important enabler for servitization is focusing on the
personnel training to increase frontline employees’ ability to successfully interact with customers
(Neu and Brown, 2005). Since the servitization process may entail innovative business models
characterized by non-traditional revenue streams (e.g. leasing, renting, pay-per-use, pay-per-x, etc.),
adequate financial resources are essential in order to assume the operating risk of the product.

In parallel with organisational and financial aspects, technology could be a fundamental enabler for
the provision of advanced services. Studies in the literature, in fact, underline the importance of
adopting appropriate ICTs (Information and Communication Technologies) in order to provide
customers with integrated solutions made of combination of products and services. Kryvinska et al.
(2014) state the enabling role of technology highlighting two different ways in which ICT could
enhance and support servitization, namely: “product deliverer” and “service deliverer”. Product
deliverer means that technology is the object of the offer (e.g. music provided through MP3 files
instead of traditional CDs) while service deliverer concerns a service, which is delivered thanks to a
digital channel (e,g, condition monitoring services directly provided by the supplier). With respect to
the importance of technology in condition monitoring, Oliva and Kallenberg (2003) stress the
importance of IT skill as a crucial element to provide remote services on the installed base. However,
ICT not only enables servitization allowing the provision of effective diagnostics services on the
product, but it also reduces costs, improves internal efficiency and increases the service business
orientation of the company (Kowalkowsi, Kindstrém and Gebauer, 2013). Moreover, the
improvements of ICTs (in particular digital ones) have pushed towards the diffusion of “mobile
services” exploiting the expansion of WiFi networks and the diffusion of mobile Internet. Companies
such as Apple, Google, Microsoft, Samsung and many others are taking advantage of these trends
offering integration between hardware and software (including media content) and creating an
attractive value proposition for hardware manufacturers, developers, content providers and end
users (Gawer and Cusumano, 2014a). A second important trend that is effecting the development of
mobile services concerns the development the so-called smart cities, characterized by smart services
provided directly to citizens. The enhancement of digital technologies and the diffusion of web 2.0
have also supported the development of the so-called sharing economy with services such as car-
sharing, car pooling, bike sharing, home-sharing and many others. Finally web 2.0 makes companies
able to incorporate and interact with customers in any phase of the value creation process exploiting
tools such as forums, blog and wiki. However, how these digital technologies act at a strategic,
organisational and operational level in the servitization process of a company is a topic that deserves
further investigation.
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3. RESEARCH FRAMEWORK

The first objective of the study presented in this paper is to investigate the relationships between
the increasing diffusion of customer-centric solutions and the role of disrupting digital technologies
introduced in recent years. Moreover, as some notable case studies highlighted the importance of
platforms and business ecosystems to create and deliver offers, a second objective is to understand
the role of platforms in the development of integrated product-service systems and the involvement
of different actors in order to acquire the appropriate capabilities through business ecosystems.

The research framework is depicted in Figure 1. The following subsections describe the different
entities in the framework, based on a preliminary literature review.

-
=

Customer
centric solution

Fig. 1 Research framework

3.1 Customer-centric solutions

Davies et al. (2004) define solutions as “innovative combinations of products and services leading to
high-value unified responses to customers’ needs”. Even though several definitions have been
developed concerning solutions, all of them state that they are combinations of products and
services. Nevertheless, in recent years the concepts of products and services have been
transforming. As an example, Sampson and Froehle (2006) developed a new service theory stating
that standard activities concerning businesses such as garbage collection or retail banking, even
though they are intangible and do not manufacture anything, could not be considered services since
there is no co-creation of value with the customer. Therefore, in our opinion, in the solution
concept, it is not so relevant to distinguish the product component from the service one, because
what really matters is the focus on the customer needs met by the solution. Thus, a solution is
characterized by a combination of elements that may be material and/or immaterial, despite being
called services or products. Moreover the importance for the customer does not stand in the
combination of goods and services itself, but rather in the continuous relationships and support by
the supplier and the possibility of customizing the solution during its “lifecycle” (Storbacka, 2011).
Therefore, this implies that companies need to focus on designing the best solution for meeting
customers’ needs, and change the nature of the offer from product-oriented to customer-oriented.
Following this line of thought and based on the literature about the provision of integrated
solutions, we have developed a definition of customer-centric solution for the purpose of this
research program, namely: a customized and integrated combination of material and/or immaterial
components aimed at meeting customers’ needs and providing an improved customer experience.

A more detailed description of some crucial elements of the definition follows:

e .. customized - The customer experiences high (at least perceived) customization in the
offer. The customer may be involved in the development/enhancement of the offer through
data and information he explicitly/implicitly sends to supplier. Greater customization does
not imply necessarily higher costs for the supplier/seller if the solution structure is
characterized by high modularity;

e .. integrated combination of material and/or immaterial components — The solution is
generally characterized by the presence of both material and immaterial components.
However the focus is not on the nature of the single components, but on the value provided
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to the customer, and on the enhancement of the efficiency and effectiveness in customers’
operations (or consumers activities in B2C contexts) thanks to the adoption/usage of the
solution;

e .. aimed at meeting customers’ needs and providing an improved customer experience — The
relationship should embrace the whole “solution lifecycle”. In this way it is possible to meet
implicit and latent customers’ needs, continuously improving the solution with the
information and feedback implicitly or explicitly received by the customer. All this will lead
to achieving a superior customer experience.

3.2 Business platform

In recent years, several companies operating in ICT sectors such as Qualcomm, Cisco, Intel and more
recently Apple and Google have used the concept of platform. Furthermore, the diffusion of
smartphones has opened an intense battle between mobile platform providers (Cusumano, 2014).
Even though this concept is almost always associated to ICTs and IT industries, the adoption of
platforms has its origins in the manufacturing sector (e.g. automotive) in order to exploit
modularization and allow easy modification of the product through the addition, removal, or
substitution of features (Sawhney, 1998). The platform concept is related to different fields of
research, such as: business ecosystems, interfirm networks, technology platforms, network
visualization and mobile telecom industry. These fields have in common two specific aspects,
namely: 1) technology exploitation; 2) the participation and collaboration of several actors who
contribute to the platform.

The first point is exemplified by personal computers, video game consoles and, more recently,
smartphones and tablets which have become platform-based technologies whose functionalities can
be extended by external applications that are procured by the customers (Ceccagnoli and Forman,
2012). According to the second point, it is possible to distinguish two different kinds of platform
(Cusumano, 2010; Gawer and Cusumano, 2014), namely: internal (or product) platform and external
(or industry) platform. The internal platform concerns the development of a common structure by a
single company that leads to a wide range of products thanks to the combination of several
modules. On the other hand, an external platform is similar to the previous one but it is based on the
collaboration with external firms that can develop their own complementary products, technologies,
or services to contribute to the platform. In this paper we refer to the latter type of platform, that is
the one which involve the contribution by external actors (called “complementors”) forming a
“business ecosystem” (cfr. Section 3.3). In this case the offer provided by the complementors is
fundamental to create value for the customer; the platform by itself would be irrelevant without the
complementary products and/or services. Concerning the development of customer-centric
solutions, the platform can be a very relevant element, since it could be the optimal vehicle to
achieve customization and integration enhancing modularization features.

According to the literature analysed on platforms and the relationships with the provision of
customer-centric solutions, we refer to the concept of platform as: the material/immaterial
container, characterized by high modularity, on which several complementors contribute and
through which is possible to provide customers with customer-centric solutions.

3.3 Business ecosystems

Strictly connected to the concept of platform presented in the previous section, there is the concept
of “business ecosystems”. Even though the business ecosystem concept is quite diffused in the
literature, there is not a unanimous definition. The notion was introduced by Moore (1993) referring
to a group of companies that evolve capabilities around innovation. Adner and Kapoor (2010) state
that ecosystems can potentially involve all typologies of actors such as OEMs, SMEs, Universities,
research centres, individual professionals, employees, citizens and consumers. Therefore, the
diffusion of ecosystems in some industry sectors has led to a new context in which the innovation is
not handled by a single actor but by the contributions of several actors. Even though the ecosystem
involves the presence and relationships among several actors, there is no neither capital nor joint
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effort in a specific project or business area since the collaboration is based on general agreements.
Moreover actors are sometimes characterized by resource asymmetries and unilateral dependence,
thus the complementors (companies in the ecosystem which contribute to the platform) depend on
a leading firm, generally named the “platform leader” or “platform provider” (Gawer and Cusumano,
2014). Therefore complementors depend on the resources and visibility offered by the platform
leader while, on the other hand, the platform leader also depends on its network of complementors
because they give value to the platform.

Concerning the research program presented in this paper, service-oriented value innovation often
requires several and peculiar competencies to provide a complete solution able to meet customers’
needs. Since the business ecosystem is an organization model extremely flexible and able to attract
resources of all sorts, it seems to be the appropriate paradigm in order to face the challenges of
servitization. Moreover, thanks to the collaboration of several actors, which cover several
competences and could share different capabilities, it seems to be a suitable way to provide
customers with integrated solutions able to meet all explicit and implicit customers’ needs.

In recent years business ecosystems have been largely adopted (or emerged) in the IT sector. Once
again the case of the diffusion of smartphones and tablets is a good example to show the links
between ecosystems and technology since it led to the creation of an ecosystem of developers of
mobile apps. However technology is not only the “object” to which the ecosystem contributes, but it
may be also the enabler of the ecosystem itself. A typical case related to this issue is the diffusion of
communities on the Internet made of several users, which give their ratings or feedback about
something. The mobile application Tripadvisor® is a typical example of this phenomenon since it
gathers millions of users who give feedbacks and ratings concerning their experience about hotels
and restaurants. This is a particular case since the user is both “part” of the ecosystem (as he
provides feedback) and the customer (as he checks the ratings and feedbacks of the structures when
he has to choose one of them).

Based on the literature about ecosystems and the relationships with the provision of customer-
centric solutions, we refer to the concept of ecosystem as a group of actors, which contribute to the
development of a particular platform. Even if they keep their independence, the actors that form the
ecosystems exploit the platform leader visibility (or the platform itself if it is an open platform) and
provide all the elements that are needed to enrich the customer centric solution.

3.4 Digital technologies

In recent years the exploitation of ICT and digitization in manufacturing are having a disrupting
impact on several companies as much as happened in other industries, such as telecoms,
photography, music and publishing (The economist, 2012). The introduction of digital technologies is
affecting both large companies and SMEs, enabled by the fact that digital infrastructures and devices
are more affordable nowadays. The adoption of digital technologies can potentially impact several
business areas of the company and improve the efficiency and the effectiveness of many processes
within the firm. As an example, significant improvements could be achieved in supply chain
management since, for example, negative implications of the bullwhip effect may be mitigated by
smart ICT applications (Belvedere, Grando and Bielli, 2011). Moreover the adoption of new
technologies like additive manufacturing may potentially affect spare parts supply chain increasing
the decentralization of production with relevant improvements in total operating cost and
downtime cost for customers (Khajavi, Partanen and Holmstrom, 2014). Thus, techniques concerning
additive manufacturing have started to be used not only for prototyping, but also for direct
production and this phenomenon is affecting different industry sectors such as: aerospace, medical,
automotive, consumer products, architecture, and electronics (Vicari, 2014). Exploitation of digital
technologies has also improved the efficiency and the effectiveness of service operations such as the
collection and processing of real-time information about the condition and utilization of the installed
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base for delivering remote monitoring services (Kowalkowsi, Kindstrom and Gebauer, 2013). In this
case ICT has the power to cover all the operations needed to deliver these kinds of services, namely:
capture data from sensors located on critical components of the product, transmit data gathered
from the product or fault codes to the manufacturer, store data, analyse data in order to transform
them in useful information about the product and arrange the necessary response functions and
actions required on the basis of the information collected such as repair, inform customer or arrange
maintenance (Lightfoot, Baines and Smart, 2012). These kinds of services that are enabled by
intelligence embedded in the product are generally defined smart services (Almendinger and
Lombreglia, 2005).

Concerning the research program presented in this paper, we will consider specific digital
technologies that are related to the Internet such as: the mobile Internet, the Internet of Things and
the cloud computing. They are hereafter briefly described:

e Mobile Internet — mobile Internet could be defined as the combination of mobile computing
devices, high-speed wireless connectivity and mobile applications (McKinsey, 2013).
Smartphones and tablets are the main devices used to access the mobile Internet and they
are packed with sensors, like accelerometers and GPS. The diffusion of mobile Internet has
also been possible thanks to the enhancement of mobile wireless connections that has
allowed reaching very high speed rate on the Internet. Finally, the diffusion of a plethora of
mobile applications for smartphones and tablets has been crucial to the potential impact of
mobile Internet use, multiplying its capabilities.

e Internet of things - The term Internet-of-Things (IoT) is used as an umbrella keyword for
covering various aspects related to the extension of the Internet into physical objects
(Miorandi et al. 2012). Therefore loT refers to the global network interconnecting physical
objects (named smart objects) adopted in several contexts such as: machinery, shipments,
infrastructure, and devices. An object could be defined “smart” when it has communication
functionalities and possesses at least some basic computing capabilities. Important enabler
of the loT has been the enhancement of sensors and actuators related with several kinds of
products and the exploitation of new wereable technologies;

e Cloud computing - Cloud computing refers to the delivery of computing as a service rather
than a product and allows to run software, applications and services through networks or
the Internet. Indeed companies potentially reduce the need for storage and processing
power on local computers and devices. Great potentialities for cloud computing have been
seen in media companies which have started to experience the provision of cloud-based
services instead of selling products. For example in media and entertainment industry,
provider of on-demand Internet streaming media placed “in the cloud” has replaced DVD
video stores.

4. CONCLUSIONS AND FUTURE STEPS

The main goal of the research program presented in this paper is to understand and describe the
enabling role of digital technologies (in particular internet-based ones), business platforms and
ecosystems in the provision of customer-centric solutions. Two research questions will be
scrutinized (although they are preliminary and will be refined during the study):

e RQ1: How digital technologies enable the provision of Customer Centric Solutions?
e RQ2: How business ecosystems and platforms amplify the benefits deriving from
servitization through the provision of Customer Centric Solutions?
The preliminary results of the literature review have highlighted a gap of studies concerning the
relationships among the three elements (servitization, digital technologies and business platforms).
Therefore, this research is expected to contribute to the servitization theory by shedding light on the
mechanisms through which digital technologies and platforms enable customer centric servitization.
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The preliminary analysis of the literature allowed building a definition of customer-centric solutions,
business platforms and ecosystems that can be used for investigation in the servitization field, and
therefore constitute the first contribution of this research. Additionally, studying successful business
cases, the research aims at understanding how companies can succeed in the servitization journey
through the exploitation of digital technologies and business ecosystems and platforms. Therefore,
this study has a potential impact on practice, too, since it can support practitioners in understanding
the key elements to be considered when implementing a digitally-enabled servitization strategy, and
to act accordingly. The research will follows three different main phases, namely: literature review,
literature case studies and empirical case studies.

In the literature review, an in-depth analysis of the research streams related to the blocks presented
in the framework will be carried out. The goal of this phase is that of gaining knowledge of the main
key factors that characterize all the blocks. Preliminary results have been introduced in this paper.

The following step foresees the analysis, drawing from secondary sources, of relevant business case
studies of companies having moved to the provision of customer centric solutions with the help of
digital technologies or/and platform and business ecosystem implementation. It will be necessary to
collect data and information focusing on industry sector reports, company annual reports, press
release and specific websites.

Finally, the empirical research phase will consist of field case studies . This phase will be preceded by
the development of an appropriate research protocol.
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THE ROLE OF INSTALLED BASE INFORMATION IN SERVITIZATION: A KNOWLEDGE
MANAGEMENT VIEW
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ABSTRACT

Purpose: In the last decades, growing competitive pressures and increased customer expectations
have pushed western manufacturers to extend their offerings through the provision of value-adding
services. This paper aims to develop a theoretical framework for the identification and development
of installed base information management practices for the successful deployment of a servitization
strategy.

Design/methodology/approach: The research is based on a two-step literature review. The first one
focuses on the knowledge management (KM) theory, and was aimed at defining a general
framework about knowledge management. The second step consisted in applying the resulting
framework to a set of papers focused on servitization and installed base information issues.
Findings: Results identify the conceptual relevance and guidelines for knowledge management (KM)
as a lever supporting the servitization process of manufacturers.

Originality/value: This work identifies relationships between KM practices (both organizational and
technological) and key aspects of the servitization strategies and processes. Moreover it contributes
to practice by supporting companies to configure the KM practices and KM systems that better suit
their servitization strategies.

Key words: Servitization; Installed Base; Knowledge Management; Literature review.

1. INTRODUCTION

In recent years, due to increasing competitive pressures, evolving customer needs and demand
stagnation, the servitization of manufacturers, defined as the process of creating value by adding
services to products (Baines et al. 2009) has become a topic of great interest amid Operations
Management scholars. Such transition from products to services that underlies the concept of
service orientation described by Oliva & Kallenberg (2003) has been also labelled as Industrial
Product-Service System (Meier et al. 2010) and service infusion (Brax 2005; Gebauer et al. 2008;
Holmstrém et al. 2010). Companies undergoing this transition move towards the provision of
Product-Service Systems (PSS), i.e. integrated product and service offerings that deliver value in use
(Baines et al. 2009; Tukker 2004). However, evidence from research and business practice suggest
that the transition toward the provision of the so called Product-Service Systems implies challenges
that could neutralize the opportunities given by service offerings (Martinez et al. 2010; Alghisi &
Saccani 2015). This paper presents the preliminary results of a study that aims to increase the
understanding of the relationship between manufacturers’ servitization strategy and the
implementation of Knowledge Management practices such as collection, analysis and utilization of
data generated from the use and support of industrial equipment (the so-called installed base
information management). Despite multiple evidence presented in literature and practitioners’
growing interest in the management of information generated during products’ lifecycle (Neely
2009; Ng & Nudurupati 2010; Greenough & Grubic 2010; Ulaga & Reinartz 2011), what emerged
from a preliminary study of the literature is the lack of a comprehensive treatment of the installed
base information management topic (Ala-Risku 2009). More specifically, the scientific community
has not developed yet an interpretative theory of the role and impact of installed base information
management practices in the servitization of manufacturing. The present research aims to fill this
knowledge gap by adopting a holistic perspective on the topic of installed base information
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management, investigating the role of installed base information for the provision of PSS through
the lens of Knowledge Management theory.
2. RESEARCH DESIGN
In order to answer to the research question reported in section 1, a two-steps literature review has

been set.

2.1 Development of a Knowledge Management interpretative framework

HIERARCHY
TACIT/EXPLICIT ** * *x *
KNOWLEDGE |COLLECTIVE/INDIVIDUAL * * **
OBJECT o £ ¥
TYPOLOGIES £ * wx
Free/ restricted access to information ** **
Formal procedures/ informal network ** ok £
FEATURES Approach = — —
Processes ** *
Enabling learning e * o
Organization w5k [ * o ¥
KNOWLEDGE People skills * =
MANAGEMENT - -
CRITICAL Enabling communication/sharing ok *k * 3 Hk ok
SUCCESS Measurement ¥ * Ex3
FACTORS Alignment with strategy Cl o
Intell 1 property o wx B
Financial resources ok
Environment ok
Size ok
FEATURES ~ [AImS b i
Data .
Interoperabilit **
C catl * * | R * * *
KNOWLEDGE
MANAGEMENT DOCun.len[. * % *
SYSTEMS Coordm.auon o
FUNCTIONS Navigation ok * * * *
Database o * * (3 *
Search ok 3 * *
Knowledge flow *k * *
Knowledge mapping ok * * ** ** ok

Table 1: Framework dimension and relative citations (original contribution of the authors are
labelled with *, citations of previous works are labelled with **)

In the first step, influential papers associated with knowledge management (KM) have been
identified through a bibliographic research carried out in several search engines, such as Google
Scholar, Science Direct, Scopus, and Web of Science. The search provided a final list of eleven
papers, of which eight journal articles and three conference proceedings focusing on the
development and study of the KM theory. Years of publication range from 1999 to 2013. These
papers were analysed to identify the characteristics that, in the authors’ opinion, define a knowledge
taxonomy, successful KM practices and knowledge management systems (KMS). These features have
been transcribed into summary tables using the exact author’s words, in order to prevent
misinterpretation. The tables show the bibliographic references, to maintain a connection to the
source article. The classification structure evolved during the literature review: some categories
were split into further and more detailed ones, while other features were merged in more
comprehensive and general ones. This has led to a creation of a research framework grounded on
theory aimed to analyse the servitization literature through the lens of knowledge management.
Table 1 provides a connection between papers used to develop the framework and each framework
dimension. The main features of the framework are described in Alghisi & Saccani (2014).
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2.2 A framework for servitization practices

Starting from the servitization literature that has been discussed in the Introduction, a framework to
describe the main levels of the practices that characterize a servitizing firms has been built during
this research. The framework is composed of 5 main constructs: i.) Strategy, ii.) Business model, iii.)
Operations, iv.) Services, v.) Performances. Each construct, except for Strategy, is then described by
a set of variables (reported in the first row of Table 2). This framework is functional to evaluate at
which hierarchical level (Strategy, Business Model, Operations), on which specific service (Services)
and on which specific performance (Performances) the Knowledge Management practices actually
have an impact. Concerning the definitions of framework constituent constructs, the distinction
between strategy and business model may be hereafter described in order to support the
understanding of the results discussed in the present chapter. According to (Burkhart et al. 2011),
strategy describes how a company can perform better than its competitors, while business models
are illustrating how different facets (e.g. revenue stream, cost structure, partnerships, customer
relationships, value proposition, key resources/activities, etc.) of the business are fitting together.
Furthermore, business models are seen as the link between a strategy and corresponding business
processes (i.e. “operations” in the present work). Variables included in the Operations and
Performances constructs, have been inspired by Slack et al. (2009) while variables of the Services
construct are derived from previous work on the topic such as Neely (2009).

2.3 Literature review to identify Knowledge Management practices supporting servitization

Concerning the literature review, a structured keyword search was performed in the Scopus®
database in May 2012 using 225 queries obtained from the combination of two sets of keywords
related to the topic under investigation. These keywords emerged from a preliminary literature
analysis of thirty seminal papers that explicitly mentioned the phenomena of installed base
information within servitization context. The first set includes keywords related with the context of
the study (e.g. Servitization, Product-service system, etc.) and with practices directly influenced by
the management of information collected from the installed base, while the second set includes
keywords related with the issue of installed base as well as the generation, collection, storage of
data and information, both from a technical and technological point of view (e.g. PLM, PDM, RFID),
economic (i.e. value of information) and management (e.g. information management, asset
management, etc.). 18,399 papers resulted from the multiple queries and led to the creation of a
first database (“Papers database”). Meanwhile, in order to guarantee the quality of the literature
review, a selection of journal has been made within the Journal Citation Report of the ISI Web of
Knowledge® (Reuters). In particular, journals from nine specific research areas were extracted:
Computer Science, Telecommunications, Robotics, Operation Research, Management, Health care &
Services, Engineering, Business, Automation. Finally, only journals that had an Impact Factor have
been selected resulting in 1,689 journals which eventually led to the creation of second database
(“Journals database”). The final step of the literature selection has been to join the two above
mentioned databases using the relation constructed on the “ISSN” database field. By doing so only
the papers with a valid ISSN that was matching one of the ISSN of the journals included in the
“Journals database” was eventually selected and considered for the further steps of the literature
review. In particular, applying these criteria the papers went down from 18,399 to 1,236. After the
selection process and an abstract content based analysis the 1,236 papers have been sized down to
98. According to Seuring & Gold (2012) a mixed inductive-deductive approach that combines the
strength of theoretical grounding with general openness towards unexpected findings has been
adopted: a preliminary analytic frame of categories and dimensions was established on the basis of
existing theory emerged from the analysis of thirty seminal papers, while single categories have
been inductively refined during the coding process. An additional literature search was then
performed in Google Scholar® to update the “Papers database” constituted by the 98 papers
selected. There, we searched papers that cite the most significant papers emerged in the first
literature review (cross references), as well as papers that explicitly address both the topic of
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knowledge management and the topic of servitization (or similar concepts), or more broadly the
capabilities needed in a servitization context. At the end of this research 89 papers published
between 1997 and 2014 were collected and stored in the “Papers database”. At this point, on the
187 papers contained the “Papers database” has been conducted an evaluation of the abstract
aiming to point out whether the paper was addressing at least one of the Knowledge Management
interpretative framework variables. These criteria, compared with those adopted in the abstract
content based analysis previously performed on the 1,236 papers, are more restrictive: while all the
187 papers met the first set of criteria, only some of them met also the second set of criteria based
on the Knowledge Management interpretative framework. As a result, through this further analysis,
140 papers have been discarded. Therefore, the in-depth textual analysis have been performed on
47 papers which came out of the above descripted literature review process.

3. FINDINGS

By combining the two frameworks described so far to analyse papers that came out from the
literature review described in section 2.3, a comprehensive framework to find and assess the impact
of Knowledge Management practices on servitization has been built (Table 2). All the relevant
contributions that highlight potential relationships among two or more variables of the framework
were in a first step transcribed within the framework using a coding technique. The second step has
been the elaboration and the standardization of each contribution. In case either variables of the
Knowledge Management interpretative framework or variables of the servitization practices
framework where not explicitly addressed by the analysed papers, a deductive approach was
adopted. In Table 2, for each intersection the numbers of validated contributions from the literature
are displayed. This final framework can be read both horizontally and vertically. A horizontal reading
is useful to understand which are the Knowledge Management related aspects that are discussed in
the literature when dealing with servitization. A vertical reading, vice versa, can give hints on which
are the servitization practices more impacted, according to literature, by Knowledge Management
practices. It comes out that among Knowledge variables, Information is the most discussed aspect in
literature with 144 contributions, followed by Data and Knowledge (36 and 35 contributions
respectively). It has to be said that at least some of the contributions which have been classified as
addressing the Information variable may actually refer to data related aspects. However, in this
literature review contributions have been classified according to the exact words used. In
aggregated terms, it emerges that within the hierarchy of knowledge, Information is the level that so
far has been seen as the most important one for servitizing firms. This is coherent with the current
evolution of ICTs and technologies that are now providing large volume of data and tools to extract
information, but it is not yet completely clear how to generate knowledge out of them. On the other
side, a large number of Knowledge variables are not either explicitly or implicitly addressed in the
literature as enablers of servitization. Looking at the list, however, most probably this is due to a lack
of holistic research on Knowledge Management in servitizing context rather than real lack of
impacts. Among Knowledge Management variables, the most discussed is the knowledge creation
process with 40 contributions, followed by Formal procedures/informal network and Access to
information (with 17 and 12 contributions respectively). As well as in Knowledge dimension, also in
Knowledge Management some relevant variables have not been addressed yet. As stated before,
this seems to be due to a lack of investigation rather than a lack of impact of these variables on
actual servitization practices. Finally, analysing variables related to the dimension “Knowledge
Management System”, the most discussed one is Functions, which is related to all the generic
functionalities (not linked with specific functionalities investigated through other variables such as
Navigation, Search, Knowledge flow, etc.) with which KMS can support firms in the Knowledge
Management. In contrast to what happens for Knowledge and Knowledge Management related
variables, almost all the variables of Knowledge Management System have been suggested, at least
by one paper, to have an impact on servitization practices.
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Table 2: The detailed framework to analyse the relationship among the KM variables and the
variables of the servitization framework, populated with the findings that address each crossing

Reading Table 2 in the vertical sense, it emerges a quite homogeneous distribution of impacts across
the variables of the servitization practices framework. The most addressed variable, with 56
contributions, is the Effectiveness, followed by New Product Development and Efficiency with 50
and 48 contributions respectively. This means that in a large number of contributions, an increase in
the effectiveness and efficiency of either operations, services, business model or strategy is linked to
a specific Knowledge Management framework variable. Hence, according to literature, New Product
Development is among the Operations variables the most impacted one by Knowledge Management
practices. It is followed by Planning operations (35 contributions), Field service (34 contributions)
and Strategy (30 contributions). Vice versa, the variables with fewer contributions are Re-use (5)
which is a service not yet widely diffused and Network (10) which is an element of the Business
Model of a firms which actually affects Knowledge Management practices rather than being
affected. Concerning the Knowledge dimension of the framework, the extant literature mainly
explores the impact of different types of data, information and knowledge on servitization of
manufacturing. In particular, as highlighted in Table 2, data and information on products usage,
maintenance, deterioration collected both from sensors and operators could be beneficial for
servitizing firms. Service operations can be streamlined and product design could be improved
(Abramovici & Lindner 2011; Holmstrém et al. 2010; Johnson & Mena 2008; Lightfoot et al. 2012). In
order to support the strategic development, customer knowledge has to be created and improved
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by collecting data and information both on the customer and on its operations (Meier et al. 2010;
Laine et al. 2010). Moreover, an increasing effort should be made by servitizing firms in order to
explicit in-service knowledge that it still largely implicit. This shift can be achieved both through the
implementation of ICT tools and the creation of taxonomies (Wang et al. 2011; Kowalkowski 2008;
Baxter et al. 2009; Goh & McMahon 2009). Concerning the Knowledge Management dimension,
Table 2 has shown that extant literature has so far mainly studied aspects related with
organizational issues and on the process through which knowledge can be extracted out of raw data.
In particular, servitizing firms should develop specific strategies to drive the collection and use of
data on and from the installed base (Goh & McMahon 2009). This kind of strategy on the use of
information can then be supported by incentives, commitment of management team, and the
development of a sharing culture within the company through the introduction of inter-functional
teams (Jagtap & Johnson 2011; Goh & McMahon 2009). Moreover, new set of skills have to be
acquired in order to create actionable knowledge and make sense of the increasing amount of data
that are made available by spreading sensors and evolution of ICTs (Agnihothri et al. 2002;
Kowalkowski 2008). Condition monitoring expertise allows increasing the overall effectiveness and
efficiency of service operations, data scientist capable to handle statistical techniques and develop
business intelligence tool and machine learning applications will improve the new products and help
to develop predictive maintenance strategies (Yang et al. 2007; Laine et al. 2010; Lightfoot et al.
2011). Finally, concerning Knowledge Management System scholars are stressing the role of
condition monitoring technologies and ICTs that enable real time data collection, transfer and
analysis (Meier et al. 2010; Kowalkowski et al. 2013; Lightfoot et al. 2012). Moreover, in order to
effectively manage data, information and knowledge along the product life-cycle, development of
common data-model should be a priority of servitizing firms and their networks (Aho & Uden 2014).
Ontologies to formalize and explicit tacit knowledge could boost effectiveness and efficiency of
service operations supporting technicians with context-specific functionalities (Zhu et al. 2012).
Finally, development of intelligent products with powerful functions in terms of data collection and
transfer as well as self-reasoning capability is maybe the strongest enabler of servitization strategies
(Allmendinger & Lombreglia 2005).

4. CONCLUSION

The present research shows that servitizing firms should carefully configure their Knowledge
Management practices in order to successfully develop their service offerings and to achieve the
expected benefits. Data and information extracted from the installed base are important resources
that can inform and support decision making at different levels (strategy design, business model
configuration, operations choices) as well as improve performances of present and future product-
service solutions. The contribution of the present research is twofold. It contributes to the theory
having developed a framework grounded in the Knowledge Management theory that has been used
to systematize the literature concerning one of the enablers of servitization. Thus, the
comprehensive framework that emerged from this analysis identifies a set of practices in terms of
Knowledge (typologies of data, information and knowledge), Knowledge Management (processes
and organizational arrangements) and Knowledge Management System (software and hardware
specs) that positively impact on servitization. Even though the framework has kept an holistic view,
it was able to identify how every single Knowledge Management practice impacts on each service-
related aspect such as the different phases of service-related operations (configuration, planning,
delivery), both to new product and service development processes, the improvement in efficiency
and effectiveness of specific services as well as configuration elements of the business model
(partnerships, revenue model, customer relationships management). The research contributes as
well to the practice by providing to companies a useful tool to identify the set of practices that
better support their servitization strategy. The developed tool support companies in the
identification of KM practices that better suit with their operations, service portfolio and
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performance improvement objectives. Future researches should aim to explain the relationships
herein highlighted, using case studies, and even testing them with explanatory survey.
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DIGITAL RESOURCES AND THEIR ROLE IN ADVANCED SERVICE PROVISION: A VRIN ANALYSIS

Andreas Schroeder & Julia Kotlarsky

ABSTRACT

Purpose: We examine the role of digital resources in the context of advanced service provision to
determine their strategic potential.

Approach: We conduct a theoretical review of the literature to identify digital resources which we
subsequently analyse with regards to their value, rarity, inimitability and non-substitutability (VRIN).
Findings: Our analysis shows that the strategic value of the digital resources is unlocked through
their complementarity.

Value: The research has implications for the management of advanced services and contributes
towards the grounding of servitization research in the wider economic and management theory.

Key words: Servitization, advanced services, resource-based view, resource value, complementarity,
digital resource

1. INTRODUCTION

Information technology (IT) plays an essential part in servitization — a recent trend that implies the
provision of advanced product-based services and solutions that replaces a traditional product
offering. Prominent examples such as Rolls Royce’s ‘power by the hour’ (Neely 2008) or Alstom’s
provision of train-life services (Baines et al. 2011) highlight IT resources as important enablers for
delivering outcome-focused product-based services. Two important developments on the technical
and business fronts require a focused analysis of the IT resource that goes beyond the individual
examples.

First, new technological developments in the domain termed ‘Internet of Things’ and products
digitalisation (Bharadwaj et al. 2013) have direct implications for understanding of the central role of
IT resources in the advanced services context. As sensing and transmission technology becomes
increasingly more available and affordable, substantial opportunities open up for manufacturers to
further increase the digitalization of their products and reap the potential strategic advantages that
digitization offers. Second, reflecting on the technological advancements there is an emerging
understanding in the business and management literature that the IT resource can be more than an
enabler of a strategic process but instead can itself be a source for sustainable competitive
advantage (Wade & Hulland 2004). Hence, in the context of advanced services it is critical to
understand to which extent the IT resource could be a source of long-term strategic differentiation —
a realisation that would have substantial managerial implications.

The present study draws on the resource-based-view (RBV) of the firm and insights on digitalization
to examine the role of digital (i.e., IT-based) resources in the provision of advanced services. The RBV
theory argues that only resources that are Valuable, Rare, Inimitable and Non-substitutable (VRIN)
have the potential to create sustainable competitive advantage (Barney 1996). Based on these
criteria we examine the digital resources that form part of the advanced service provision and
determine their strategic potential. We first conduct a theoretical review (Paré et al. 2014) of the
extent literature to identify the range of core digital resources and subsequently apply a VRIN
analysis to identify their strategic potential. Our analysis shows that a number of digital resources
identified are rare, inimitable and non-substitutable, but are not necessarily valuable. In particular
the value of product-service data and interpretive capability is only unlocked through the
complementarity of these resources. The analysis further shows that the product-service data and
the sensor & transmission device offer significant protection from competition.
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2. THEORETICAL BACKGROUND: SERVITIZATION, IT AND THE RESOURCE BASED VIEW

The notion of servitization describes a business model transformation where a manufacturer
increasingly offers services integrated with their product (Baines & Lightfoot 2013). The provision of
advanced services represent a special case of servitization where the manufacturer provides the
customer with a capability instead of a product. In the frequently used example of the ‘power-by-
the-hour’ service provision Rolls Royce provides a propulsion capability to airlines instead of selling
its engines in a traditional way (Neely 2008). The airline is charged on the basis of the propulsion
value that has been provided (‘value in use’) and Rolls Royce retains the ownership of the engines,
remains responsible for their upkeep and ultimately the availability of the propulsion capability.
Offering such advanced services provides the manufacturer with resilient revenue streams, opens up
new revenue streams and long-term business relationships (Baines & Lightfoot 2013). Advanced
services that manufacturers offer rely to a great extend on IT which is embedded in physical
products. Such embedded IT constitute what we termed ‘digital resource’, and in order to unpack
the role of such digital resource we turn to the Resource Based View (RBV).

The RBV as an economic theory argues that a firm’s competitive advantage lies within the use of its
strategic resources (Barney 1991). RBV theory puts a focus on the individual resource and the
systematic evaluation of its ‘strategic potential’ for creating a sustainable competitive advantage.
The strategic potential of a resource is identified along four attributes: the resource value, rarity,
imperfect imitability, and non-substitutability (Nevo & Wade 2011). The four VRIN attributes
together describe a necessary but not sufficient condition for a candidate resource to constitute a
source for sustainable competitive advantage (Barney 1991).

Applying the RBV to the IT context requires a careful consideration of the range of IT-related
resources. Wade and Hulland (2004) differentiate between IT assets (i.e., hardware, software
applications, data repositories) and IT capabilities (i.e., repeatable patterns of actions in the use of
assets incl. technical IT skills, IT management skills, Business-IT relationships) (Piccoli & Ives 2005).
Research has often rejected the strategic potential of software or hardware infrastructure as they
are generally widely available or imitable (e.g., Bharadwaj, 2000; Carr, 2003). The data resource is
less frequently examined in RBV studies although its strategic potential is recognised (Piccoli & Ives
2005). IT capabilities such as IT planning, development, operations (Ravichandran & Lertwongsatien
2005) or information exchange capability (Barua et al. 2004) are more frequently identified as
‘strategic resources’. Seddon (2014) also identifies Business Analytics as a strategic IT capability that
provides the focal firm with a competitive advantage. In addition to a focus on individual resources
recent developments in RBV theory have emphasised the value of resource combinations suggesting
that resources that by themselves would not meet the VRIN-criteria in combination can create a
‘defensible strategic position’ (Bingham & Eisenhardt 2008). This focus on resource complementarity
has been further advanced in studies exploring ‘IT enabled resource’ (Nevo & Wade 2010) or ‘IT
embeddedness’ (Kohli & Grover 2008) where the synergistic combination of IT resources and
organisational capabilities are identified as source of competitive advantage.

3. DIGITAL RESOURCES IN THE PROVISION OF ADVANCED SERVICES

The present study uses the term ‘digital resource’ to extend the way the ‘IT resource’ is defined in
the Information Systems (IS) literature. Digitalization describes the process of incorporating digital
capabilities (i.e. sensors or connectivity) into objects that are primarily physical (Fichman et al.
2014). Hence, an embedded digital component significantly amplifies the capabilities and value of
the physical product and enables value creation outside the physical product itself (Porter &
Heppelmann 2014), leading the product to be considered as a digital resource. Applying this notion
of digital resource to the servitization context we define digital resource as a combination of digital
assets and capabilities that play a role in the provision of product-based services.
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To understand the diverse digital assets and capabilities that play a role in the provision of advanced
services in the manufacturing sector we have carried out a theoretical review of the extent literature
(Paré et al. 2014). A theoretical review seeks to “tackle an emerging issue that would benefit from
the development of new theoretical foundations” (Paré et al. 2014 p.6). Such a review goes beyond
assembling and describing past work but seeks to develop new conceptualisations. For the present
study we have purposefully selected descriptions of advanced service provision in manufacturing
and have examined the digital resources used and their particular roles and contributions. Our
objective was to analyse the digital assets and capabilities that form part of the advanced service
provision in order to subsequently analyse their strategic potential.

3.1 Digital Assets

Based on the review of the advanced services literature we have identified three distinct digital
assets: Sensor & transmission device, analytic software and product-service data. Sensor devices
detect, measure and digitally record data on the status and use of the product. Transmission devices
transfer the sensor data from the product to the central data repository. The range of sensors and
nature of transmission device are dependent on the nature of the product and its use. As an
example, Baines et al (2011) describes how a rail systems manufacturer (Alstom) provides train
systems to a transport provider (Virgin Trains) in form of advanced services. A large array of sensors
and transmission devices on board of the trains continuously capture and transmit details such as
propulsion, tilt, high tension, braking, air and aggregated error-codes via cellular networks to the
manufacturer’s control centre. The incoming ‘product-service data’ accumulates over time creating
a rich digital representation of the installed product base (Reim et al. 2014). Jagtap and Johnson
(2011) describe how an engine manufacturer who provides advanced services in the aero engine
industry has accumulated vast amounts of product-service data detailing the life of individual
machine component, its deterioration and life cycle cost. Software and analytic software in
particular is highlighted in several servitization descriptions. Manufacturers with more advanced
service portfolios rely on more sophisticated software packages to process their data (Alghisi et al.
2013). As an example Vanzulli et al (2014) outline the decision surrounding the adoption of cloud-
computing software at Hitachi highlighting the benefits of reduced initial investment and the
shortening of implementation time.

3.2 Digital capabilities

We distinguish two distinct digital capabilities: interpretive capability and relational capability. The
first, ‘interpretive capability’ draws on Daft and Weick’s (1984) notion of interpretation as “the
process through which information is given meaning” (p.286). In the present context ‘interpretive
capability’ captures the confluence of the technical ability for analyzing the product-service data,
and the domain knowledge to convert the analytical insights into actionable insights. Several
accounts focus on the service provider’s ability to utilize the ‘product-service data’ and its insights to
effectively support business operations (interpretive capability for operational purposes).
Operational benefits include the facilitation of remote diagnostics by providing insights into possible
root-causes for systems failures, or required parts and expertise required for repair (Grubic 2014).
MAN Trucks is able to analyze the product-service data to identify fuel-consumption and inefficient
driver behaviours (Lightfoot et al. 2011). Product-Service data is also utilized to efficiently carry out
predictive maintenance operations (Grubic 2014) and to create efficiency in the administrative
aspect of the service provision by efficiently determining service charges (Brashear Alejandro et al.
2013) and controlling the conditions of product use.

Further accounts describe a service provider’s ability to utilize the product-service data to develop
its service provision (Interpretive capability for business development). The ability to correctly
interpret product-service data provides opportunities to identify service usage patterns,
inefficiencies in product use or unmet service needs (Reim et al. 2014). An in-depth understanding of
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the customer-base, the product and the market are critical to appropriately judge the patterns and
insights that can be derived from the product-service data. The interpretive capability is also used to
offer added value to existing service relationships by providing advice on asset efficiency (Ulaga &
Reinartz 2011) or additional process analysis (Brashear Alejandro et al. 2013). These offers are
conditional on the service providers ability to utilize the accumulated product-service data in
combination with its further customers insights and product understanding.

Other accounts in the servitization literature focus on a service provider’s ability to use product-
service data in combination with a detailed product understanding to draw conclusions about the
product behaviour and production development (interpretive capability for product
understanding). Baines (2013) describes how the visibility of asset operating characteristics together
with the design and technical capabilities is key to improved equipment design, enhanced asset
performance and availability. Product-service data is said to radically increase the speed of product
innovation (Reim et al. 2014) and might even be interpreted as a R&D investment (Grubic 2014).
Ulaga & Reinartz (2011) describe how an aircraft engine manufacturer saw the interpretive
capability as so important that they would, at times, take unprofitable contracts in order to enrich
their product-service data, advance their predictive model and increase their failure rate predictions.

The second, ‘relational capability’ draws on Lorenzoni & Lipparini’s (1999) definition: “the capability
to interact with other companies” (p.317). A digitally enhanced product-centered service constitutes
a change in the provider-user relationship where the product remains in regular communication
with the service provider requiring a high level of trust and careful explanation of the underlying
data protection and use agreements (i.e., product-service communication). Westergren (2011)
describes a case of a remote monitoring service provider who failed to properly articulate the value
proposition and hereby threatened the product adoption. An organisation’s ability to anticipate
concerns regarding the digital capabilities of products and its ability to address these concerns are
critical for integrating the digitized products into service offerings. The literature also points towards
a service provider’s ability to craft mutually beneficial forms of data use as an important relational
capability (i.e., data sharing strategy). Organisations skilfully share product-service data with service
users to directly communicate the created service value or payback simulation tools (Ulaga &
Reinartz 2011). Real-time utilization data of Toyota Trucks is shared with the service user to allow
customers to increase safety and productivity improvement.

Our review of the digital resource that form part of the advanced service provision has revealed a
number of critical assets and capabilities. Although we present these here as independent resources
we recognise that they are highly interdependent in practice. For example, an enhanced
understanding of failure rates and patterns (product understanding) enhances a service provider’s
predictive maintenance function (operations) or its ability to develop competitive contracts due to
an enhanced product risk understanding (business development) (Ulaga & Reinartz 2011).

4. ANALYZING THE STRATEGIC ROLE OF THE IT RESOURCES

We now examine the digital resources identified above with regards to their value creation, rarity,
inimitability and non-substitutability. The analysis also examines the complementarity among those
digital resource (Bingham & Eisenhardt 2008) to shed light on their synergistic relationships.

4.1 Value creation from digital resources

The value creation describes a resource’s “ability to support strategies intended to capitalize on
market opportunities or fend off threats” (Nevo & Wade 2010, p.164). In detail, this includes (i) the
extent to which it reduces a firm’s cost base, or (i) the extent to which it provides a source of
differentiation (Bingham & Eisenhardt 2008). First, the combination of product-service data together
with the interpretive capability create diverse opportunities for cost-reduction in advanced services
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provision. Remote diagnostics and predictive maintenance reduce the number of expensive
unscheduled field visits and help to ensure service availability in a more cost-efficient format. The
ability to observe product behaviour provides a cost-efficient way to ensure that the contractually
agreed terms are met. Utilizing product-service data to improve product design can further reduce
expensive repair-visits. Utilizing the data to increase the accuracy of failure rate predictions provides
opportunities for being more competitive in service pricing. Second, the combination of product-
service data and interpretive capability provides opportunities for differentiation as it allows the
service provider to identify unmet user needs, target service offers or provide additional services as
point of differentiation. The service providers ability to identify early market shifts or develop
separate business propositions help to create new opportunities. The opportunities for cost-
reduction and differentiation are based on the complementarity of product-service data and
interpretive capability. An organisation’s interpretive capability (analytical ability and domain
knowledge) or product-service data alone does not create a comparable value proposition. The
other resources are supplementary in their ability to create value: they are essential in the creation
of the data resource (i.e. sensor & transmission device, relational capability) or are critical enablers
of interpretation (i.e. analytic software, software integration).

4.1 Rarity of digital resources

The rarity of a resource is determined by its relative unavailability to current and potential rivals
(Nevo & Wade 2010). Assessing the rarity of sensor & transmission devices requires a
differentiation between their consideration as technical artefact or as distributed data source. As
technical artefacts sensor & transmission devices are widely available (thus offer little strategic
potential). As distributed data source ‘rarity’ refers to their distribution range, which is tied to the
installed base. In the context of advanced services a high market share creates the rarity of the
distributed sensor & transmission devices. Assessing the rarity of product-use data requires a
differentiation between the data on individual service-provider—user dyads and the data that
captures the wide range of service-provisions. The data of individual dyads may be shared with the
individual user, however, the wider range of product-service data that captures different service
contracts will not be available outside the service provider (unless a third-party technology provider
is involved) and would be considered as rare. Assessing the rarity of interpretive capability also
requires a differentiated consideration as it captures both the analytical ability and domain
knowledge. The analytical capability, although highly sought after, is available in the market.
However, the domain knowledge and contextual insights about the product, the customer, and the
market is generally more specific, scattered within the service provider and would likely be
considered as rare. The available case descriptions are not sufficiently detailed to assess to which
extent the relational capabilities could be considered as rare. Analytic software is widely available.

4.3 Inimitability of digital resources

The inimitability of a resource is determined by the costs and difficulties that are associated with its
duplication (Nevo & Wade 2010). Barriers to resource duplication include ownership rights, path
dependencies, time compression diseconomies or causal ambiguity (Bingham 2008). The inimitability
of the product-service data is defined by the effort involved in its duplication. In most cases the
product-service data will capture product health and utilization records covering an extensive range
of sensors over a larger period of time therefore path dependencies and time-compression
diseconomies create significant barriers to imitation. A wide distribution of sensors and long time
utilization periods are required to create a rich data resource, which is a barrier to its imitability as a
competitor would face significant cost and time delays before obtaining a comparable data resource.
To the same extent, a focal company’s well developed interpretive capability is difficult to imitate as
it has been honed over years by trialling and refining predictive algorithms which is preconditioned
by the availability of meaningful product-service data. The sensor & transmission devices as
distributed data source are protected by path dependencies due to its link to the installed product
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base which is difficult to imitate. Further, long replacement cycles in some of the products negatively
impact on the time-frame for sensor-distribution even in case of a large installed base. The other
resources (software, relational capability) do not provide significant barriers to imitations as they are
not protected from ownership rights, path dependencies and time-diseconomies.

4.4.Non-substitutability of digital resources

The non-substitutability of a resource refers to the nonexistence of strategically equivalent resource
(Nevo & Wade 2010). Hence, a focal resource that would offer the same functionality as other
resources would be ‘substitutable’ (Barney 1991). An assessment of the substitutability of the digital
resources can only consider the technology and business practices currently in place. Future
developments and innovations may create resource substitutes (as outlined in the discussion). Based
on the current market insights the distributed sensor & transmission resource is essential for
capturing raw data at the point of product-performance and use. While in some instances the
service user’s system could create some of the product-use data (e.g. manufacturing information
systems) the same level of detail on the individual product health and usage will be provided. The
analytical process can certainly be supported by dedicated applications, however, the domain
knowledge, which is an essential part of the interpretive capability will unlikely be substitutable. The
other digital resources are subjected to substitution threats: cloud-based software services (e.g.
Salesforce.com) are already substituting individual software installations and the increasing
acceptance of digitized products is a likely substitute some of the relational capabilities.

5. DISCUSSION & CONCLUSION

The present study has set out to examine the role of digital resources in the context of advanced
service provision and identify their strategic potential. Our analysis shows that none of the digital
resources on their own meet all VRIN criteria (see table 1). Hence, as individual resources they have
a very limited potential to create a sustainable competitive advantage for the focal firm. However,
the combination of product-service data and interpretive capability meets the VRIN criteria and
hereby has the potential to be a source of sustainable competitive advantage for the service
provider. Indeed, a resource combination creates a sustainable competitive advantage if it reinforces
the competitive advantage over time (Piccoli & Ives 2005): By creating cost-efficiencies and
opportunities for differentiation the combination of rich product-service data and superior
interpretive capability can stimulate growth in market share which would further enrich the product-
service data, provide for additional insights and further strengthens the strategic value of these
digital resource.

Value creation Rarity Inimitability | Non-substitutability
Distributed sensor & low High high high
transmission devices
Analytic software low Low low low
Product-Service Data | High (in combination) | High high high
Interpretive capability | Low (as individual) i high high
Relational capability low Low low low

Table 1. A VRIN analysis of digital resources in advanced services

Our analysis and findings lead to a range of theoretical and managerial implications. The
identification of digital resources as source for competitive advantage emphasises the need to
explicitly consider the digital domain in future research on servitization and advanced service
provision. The information systems discipline offers a range of insights that help understand the
intrinsic properties of digital assets and capabilities and its management. The study also offers
implications for RBV theory which traditionally considers ‘ownership’ of resources as a critical
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precondition for creation of competitive advantage (Barney 1991). Our research points to data as
potentially shared resource with significant strategic potential. Hence, current RBV theory-
development that explores the strategic role of shared resources (Lavie 2006) should take note of
the servitization context as a domain with significant potential for shared resource use.

Our research creates a series of direct managerial implications but also points to future managerial
challenges. Our VRIN analysis identifies the potential for competitive advantage but the realization
of this competitive advantage is dependent on the effective development and strategic exploitation
of the digital resources. In particular the complementarity between product-service data and
interpretative capability requires a systematic and coordinated approach to resource development.
Our research also points to the information and analytical advantage that can develop as part of the
digital resource exploitation although at this point the information advantage is rarely included in
the economic rational for servitization (Baines & Lightfoot 2013). Managers should consider the
increasing value that can be derived from developing these digital resources and the spill-over effect
for traditional product sales channels in the assessment of their servitization decision. The
identification of strategic resource should also encourage managers to focus on protecting the
resource base from losing its competitive potential. The sharing of data might on the one hand allow
to increase the value that can be derived from it, but on the other hand may reduce the rarity of the
data resource which could undermine its strategic potential.

The resource-based view and the VRIN analysis in particular has offered a viable framework for a
systematic analysis of the digital resource. While the framework itself has limitations our use of
secondary data and the intrinsic challenge of categorizing and assessing the attributes should be
acknowledged as additional limitations. Nevertheless, our work and the insights that we have
created point to the digital resource as a critical factor in the further trajectory of servitzation
practice and research.
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HOW DIGITALIZATION CAN ACCELARATE THE TRANSFORMATION FROM MANUFACTURER
TO SERVICE PROVIDER

Christian Lerch & Matthias Gotsch

ABSTRACT

Purpose: This article intends to contribute to the discussion about the increasing digitalization of
manufacturing industries. In more detail, it tries to specify the influence of the digital revolution on
the transformation of manufacturers into service providers and hence, on the servitization process
in industries in general. The aim is to deliver first findings about the drivers of and barriers to
digitalization with respect to industrial service offers.

Design/methodology/approach: The study uses existing theoretical concepts about the
transformation of manufacturers as well as a concept about the influences of digitalization on this
transformation. By means of a cross literature analysis, this article derives overall drivers of and
barriers to the increasing digitalization of industrial service offers.

Findings: We identified eight factors which influence the digitalization of service offers in terms of
triggering or hindering this process. These factors are embedded into existing theoretical concepts
to construct a new framework considering digitalization in the servitization trend.

Originality/value: This article delivers a first conceptual approach to clarifying the role of
digitalization in the context of servitization and gives insights into the drivers and barriers concerning
the propensity of manufacturers for using digitalized service offers.

Key words: Product-related services; industrial services; service typology; digitalization; product-
service system; digital product-service system

1. INTRODUCTION

In recent years, the term servitization has been used to describe the increased service orientation in
industry (see Baines et al. 2009; Lay 2014). Product manufacturers no longer just sell their products,
but have also begun to offer services tailored to the product (see Baines et al. 2009;
Wise/Baumgartner 1999; Vandermerwe/Rada 1988). These range from traditional product-related
services, such as maintenance, repair and training to advanced customer-oriented services or
product-service systems (see Lay 2014; Oliva/Kalleberg 2003; Mathieu 2001).

Of a result of this trend in industry, it is assumed that product manufacturers move on a
transformation path from manufacturer to solution provider (see Gebauer et al 2005; Gebauer
2004). This transition path has been analyzed in the literature in various articles and is described as
taking place in different stages, each with different potentials for competition (see
Matthyssens/Vandenbempt 2010; Gebauer et al. 2008; Matthyssens/Vandenbempt 2008;
Penttinen/Palmer 2007; Oliva/Kallenberg 2003; More 2001). At the end of the path, manufacturers
offer innovative product-service systems, such as availability guarantees or BOT-models, which
increase customer value on the one hand and create a competitive advantage for the provider on
the other (see Brady et al. 2005; Boyt/Harvey 1997).

Beyond this trend of servitization, manufacturers have also begun to equip their products and
machines with intelligent digital systems so that they can operate independently and communicate
with other machines in production. This development is referred to as “Industry 4.0” in Germany,
and includes the digitalization of traditional industries (see Spath et al. 2013; Bauer et al. 2014). As a
logical consequence of this trend, an increasing number of manufacturers are beginning to use
digital systems for their service offers, too (see Minster/Meiren 2011).
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Due to the extensive possibilities offered by digitalization, these questions arise: How far do digital
systems influence the transformation from producer to solution provider and what drivers and
barriers are hidden behind this process? To answer these questions, we conduct a literature review
focusing on articles dealing with digitalization and the transformation of manufacturers. By analyzing
the most relevant articles, we derive the drivers and barriers described in the different studies.
Finally, we discuss the findings by reflecting the existing theoretical concepts, deliver implications for
strategic management and give an outlook on future research.

2. DIGITALIZATION AND ITS INFLUENCE ON THE TRANSFORMATION OF MANUFACTURING FIRMS
So far, there are very few analyses in the literature of the influence of the digital revolution on the
transformation of manufacturers into service providers. Lerch and Gotsch (2014) deliver a first
concept, which considers existing transformation models and analyzes the role of digitalization
during this transition process. In this study, the authors assume that there is a positive relationship
between the degree of digitalization and the level of servitization of manufacturers. Based on the
analysis of three case studies, they argue that a higher service orientation with more complex
services leads to a greater need for digital solutions. On the other hand, using ICT systems opens up
new potentials for providing innovative services (see Lerch/Gotsch 2014).

Taking the theoretical concept of transformation into account and due to the implied interactive
effect, they reason that manufacturers progress along a dominant transition path, influenced by
both digitalization and servitization. Due to the individual characteristics and activities of
manufacturers, they further conclude that there exist various patterns along the transition path.
These patterns are stable equilibriums as long as the companies do not enhance their service offers.
Indeed, these equilibriums become unstable as soon as the company innovates and the
manufacturer is driven back to the dominant path until a new equilibrium occurs.

Based on an in-depth analysis of three case studies, the authors develop four generic stages of the
dominant path, which are also found in literature. Depending on the individual characteristics and
activities of manufacturers, these generic stages differ from each other, are expressed in different
ways and are located closer to or farther from the dominant path. The authors suggest the following
four stages (see Figure 1):

. Manufacturer: The first stage is characterized by manufacturers providing obligatory
product-related services such as installation or maintenance and repair and using standard
ICT solutions for their services like digital text files, e-mail, video-calls, etc. This stage sees
ICT solutions being used for daily work, with almost no significant impacts on how service
offers perform in competition.

1. IT-based services: Companies at stage Il use ICT solutions to improve their existing service
offers; this is also known as the concept of teleservices. As a result, companies are able to
provide services faster, with less resource input and/or higher quality.

Il. Pure digital services: Manufacturers at stage Ill offer services that are enabled by ICT
systems. Examples of such services include software-based simulations, virtual or
augmented reality applications or digital technical analysis. These services extend the service
offers of manufacturers and enhance the performance of the product or the service
significantly.

IV.  Digitalized product service systems: Manufacturers at this stage not only provide complex
product service systems to their customers, but use ICT solutions as a new component in the
product-service bundle, too. The aim of this digital infrastructure is to create intelligent,
independent operating systems which are able to deliver the highest availability, optimal
operating conditions and strongly reduced resource inputs at the same time.
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Figure 1: Transformation framework of manufacturers under the influence of servitization and
digitalization (source: Lerch/Gotsch 2014)

Transformation path to service provider

Using this theoretical concept, we now want to identify the drivers of and barriers to this hybrid
transition. We review the literature focusing on articles which describe the relationships between
the characteristics and the activities of manufacturers and their propensity to use ICT systems for
providing services. We subsequently identify a first set of drivers and barriers by a cross analysis of
the relevant articles.

3. DRIVERS OF AND BARRIERS TO DIGITALIZATION

Because digital services can be offered and provided independent of location and consumer,
traditional IHIP-criteria are no longer valid for digital service creation (see Holtbriigge et al. 2007).
Additionally, new capabilities arise due to the increasing digitalization of services. Opportunities
open up concerning process simplification, process acceleration or process optimization as well as
new forms of customer integration (see Schuh/Fabry 2014). Therefore, it seems important to study
in detail the drivers and barriers of service digitalization by means of a cross literature analysis. The
analysis consists of two different approaches. On the one hand, new connections and combinations
between classical servitization literature and digitalization literature are created. On the other hand,
recently published literature dealing with digitalized industrial services is scanned, analyzed and
interpreted under the aspect of digitalization.

Based on the literature analysis, we identified eight main drivers of the digitalization of industrial
services, which will be introduced in the following: First, the complexity of services offered by the
manufacturer seems to influence the degree of digitalization. The more advanced and ambitious the
services, the more support by smart ICT solutions is needed for manufacturers to offer them to the
customers (see Lerch/Gotsch 2014; Gebauer et al. 2011).

Second, the technical infrastructure. Highly available and real-time communication networks are
essential for service digitalization. The networks must have high data transfer rates and must be able
to process large amounts of data. Without a stabile and reliable network, digital services cannot be
offered economically. Only broadband networks allow all the advantages of digital solutions to be
used for the digitalization of industrial services (see Bauer et al. 2014; Westkamper et al. 2013).

Third, the integration of upstream and downstream value chain partners also has to be considered.
Particularly for manufacturing companies, it is essential to work cooperatively with technology
partners or suppliers in order to continuously improve products. At the same time, it is increasingly

Proceedings of the Spring Servitization Conference (SSC2015)
78



Lerch & Gotsch

important to deepen the relationship with customers, because the demand for customized products
and services is rising. The growing need to integrate customers and suppliers into production
processes can be managed more efficiently through the use of digital services (see Buschak 2013;
Gebauer et al. 2011).

Fourth, the share of exports seems to be another driver of service digitalization. Especially
companies with a high degree of export sales benefit from new digital opportunities, because digital
and remote-controlled services open up the chance to offer downstream activities independent of
location and consumer, e.g. remote maintenance or remote repair services. High-quality products
that are also equipped with spatially independent services are supposed to encourage foreign
customers to make a purchase decision (see Holtbriigge et al. 2007).

Obviously, the services of manufacturers always have to be considered in terms of their connection
to the core product. Therefore, it is not surprising that the degree of digitalization of the core
product influences the degree of digitalization of the accompanying services. Digitalization makes it
technically feasible to equip all the products and machines with an IP so that these components can
communicate and interact in a network. In order to integrate services into this network and increase
the added value, the services have to be digitalized in the same way as the physical components (see
Hoffmann 2014; Bauer et al. 2014).

The complexity of the core product also has to be considered. Generally speaking, the more complex
the product, the more useful the services, especially for the customer. Therefore, there seems to be
a connection between product complexity and the offer of product-accompanying services.
Customers who purchase a technically complex product with digital components need consulting
and training services, which should preferably be provided in a digital way (see Dachs et al. 2013;
Rainfurth 2003; Wassmus 2014).

The batch size also seems to influence service digitalization, due to the fact that companies offering
one piece production have close customer contacts and products with a higher degree of
individualization, which require more services. Complex machines and diverse systems require a
huge range of accompanying digital services (see Borgmeier 2002; Rainfurth 2003, Seegy 2009).

Last, but not least, company size affects service digitalization. Large enterprises are more likely to
have the resources and competence to apply digital components. Many SMEs do not have their own
IT service division and are not able to provide individual digital solutions (see Reichwald et al. 2009;
Rainfurth 2003). Therefore, we suggest company size as the final digitalization driver. To sum up, the
eight main drivers of the digitalization of industrial services are:

e Complexity of offered services

e Technical infrastructure

e Integration of upstream and downstream value chain partners
e Share of exports

e Digitalization of core product

e Complexity of core product

e Batch size

e Company size

Simultaneously, the major barrier to the digitalization of services seems to be the lack of qualified
employees in manufacturing companies. The employees providing the services need a continuously
rising technical qualification profile with knowledge of engineering, mechatronics and IT.
Digitalization significantly increases the complexity, abstraction and problem solving requirements
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for all employees. Special training and further professional development courses have to be offered
to overcome this barrier and prepare staff to offer digital services (see Kagermann 2014).

4. DISCUSSION AND IMPLICATIONS FOR STRATEGIC MANAGEMENT

Based on literature analysis we assumed that there is a positive relationship between the degree of
digitalization and the level of servitization of manufacturers. Taking the theoretical concept of
transformation into account we proposed that manufacturers progress along a dominant transition
path, influenced by both digitalization and servitization. We regarded a transformation framework of
manufacturers under the influence of servitization and digitalization with four generic stages of the
dominant path, labelling these stages 1) manufacturer, Il) IT-based services, IlI) pure digital services,
and V) digitalized product service systems.

By conducting a literature review focusing on articles dealing with digitalization and the
transformation of manufacturers and analyzing the most relevant articles, we derived the drivers
and barriers which influence the digitalization of service offers in terms of triggering or hindering this
process. Summarizing, we identified eight factors which fit to existing theoretical concepts and can
be embedded in the transformation framework considering the digitalization and the servitization
trend. These identified drivers can be clustered into five main groups:

1. Corporate characteristics (e.g. company size)

2. Profile of service offer (e.g. complexity of offered services)

3. Characteristics of the core product (e.g. digitalization of core product, complexity of core
product, batch size)

4. Location (e.g. technical Infrastructure)

5. Business and market activities (e.g. integration of upstream and downstream value chain
partners, share of exports)

Because most of these drivers are depending on default characteristics (e.g. corporate
characteristics or characteristics of the core product) or even external instances (e.g. technical
infrastructure), we assume that there is a boundary of digitalization for each individual company.
Consequently, strategic management only can exploit the existing digitalization potential, but not
actively increase their individual boundary of digitalization.

Furthermore, another main implication for strategic management, which can be derived from our
findings, is that the person in charge always should be aware of the company state regarding the
current positioning in the transformation framework. According to this positioning, in each case
other measures are appropriate in order to continue the journey from manufacturer to service
provider successfully.
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THE INFORMATION GATHERING AND UNDERSTANDING IN SERVITIZATION ORGANIZATION

Eugen Molndr, Rastislav Molndr & Michal Gregus

ABSTRACT

The Business today is powered not only by structured data but increasingly important role is played
by information that is unstructured, social and distributed via different channels. Subject of this
communication is mainly related to the organization or its products, services, and employees.
Channels include blogs, social media, emails or customer calls. The result is a stream of
comprehensive and real-time data critical for an effective decision support and the improvement of
the customer experience. Consequently, organisations implement analytical and meaning-based
techniques which are perfectly suited to help them to bring together data across all channels in a
timely and efficient manner. Today, companies are able to obtain a lot of information from the
internet and use them to develop their business. We believe such knowledge-based intelligent
system is an important part of the servitization process. In this paper we describe a novel approach
for the customer communication supported by knowledge-based system enabling to establish
targeted communication with customer. Later, we describe a system for the communication with
customer, with a goal to provide customer the relevant information in the right time, through the
right channel.

Key words: Big Data, Customer Experience, Information Extraction, Knowledge Management,
Servitization, Social Media

1. INTRODUCTION

Today, if we want to buy any product or service, we aim to go on the internet and search for
relevant information. We are keen to analyse reviews and experience of others on any channels
available to us. (Kryvinska et al., 2014)emphasize an importance of the usage of information on the
Internet and refers to the changing role of customers. Customers are getting more informed and
more active and this offers servitizing organizations wider possibilities for bi-directional
communication. (Stodder, 2012) refers to ,, The new frontier for customer analytics is social media.”
(Jue et al., 2009) point on the fact that Social Media change a business environment and are getting
it more complex. Organizations must process more information, this needs more technology and
provides more space for new issues and challenges. In addition there is an important dimension —
globalization. Organizations operate in multiple countries with multiple cultures and multiple
languages.

However organizations “can profit from a capability to collect and analyze this data and use it to
improve one of key feature of the Servitization — strong customer orientation.” (Molnar et al., 2014).
Search, collection and data analysis are a paradigm of today.

Nowadays there is multichannel communication of customer with an organization and customer
contributions (related to the organization or its products, services, employee...) in blogs, social
media and so. The organization should collect and discover knowledge from collected structured or
unstructured data and to use them for improving of customer experience or to acquire new and
keep existing customer.

Whereas is communication with customer led through several channels and by many employees,
organization does not benefit as much as it could from multiple interactions. Amongst various
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possible causes, we underline the fact that communication via several channels and executed by
many employees is not led and managed as a process with using a framework, which represents a
holistic approach including knowledge creation and sharing.

The separate challenge represents Knowledge representation and reasoning. (Zhu et al., 2011) use
the semantic web for knowledge management in the product domain in order to allow to access and
integrate heterogeneous data across host semantic repositories, host rational databases, external
public linked data. In addition this approach provides querying/reasoning, and authoring/updating
services on the hybrid-data repository for engineers on the Web, and to visualize and manifest
semantic data with different views.

More and more attention is given to the standardization and implementation of efficient
mechanisms for the use of knowledge gathered in ontologies (Schubert, 2006, Jakus et al., 2013)
concretely concern the development of ontologies and the mechanisms of their use as a base for
reasoning (Jakus et al., 2013). This challenge is related to the development of sound and complete
reasoning engine. This is powered by reality that Knowledge representation plays one of the key
roles in the development of knowledge-based systems.

2. INFORMATION EXTRACTION AND REPRESENTATION

2.1 Sources of unstructured information

By the unstructured information we mean any information relevant to our products and services.
This information is usually available publicly online, which implies a great importance for firms to
understand it and eventually act based on it. If we speak of types of unstructured data we mean
textual, visual and audio data from various sources.

First the user reviews, their importance is stressed by existing research showing the customer
reviews matter for example for the profitability of movies (Chintagunta et al., 2010, Duan et al.,
2008) or for the profitability of hotels (Ye et al., 2009). It is clear it is crucial for the company to
capture and be able to interpret user reviews. Related to reviews, user comments may be seen as
short user reviews, in that case is their relevance as important as of proper user reviews, even
though they are in general shorter. Second reason why it is important to look at user comments is
comments determine the popularity of the content they are related to (Reich, 2011).

For both reviews and user comments social networks are convenient and powerful channel. When
speaking of social networks we usually mean the most popular networks Facebook, Twitter,
Youtube, Pinterest or Instagram. These networks are being extensively studied by a number of
researchers for example trying to analyze their social potential (Kwak et al., 2010) or try to relate
data created by their users to financial markets (Bollen et al., 2011, Zhang et al., 2011). Another
powerful public sources where users express and exchange opinion on our products are blogs,
discussion boards and articles in electronic news services for both either as authors or as participant
in discussion. (Akehurst, 2009) studied the impact of blogs on tourism organizations and found out
consumers trusted more blogs than professional guides and travel agencies. (Kavanaugh et al., 2006)
studied blogs in the context of political debate.

As existing research suggests user created content plays a very important role for customer
decisions. This means opinions shared by our customers are important from the perspective of
servitizing organization aiming to retain existing and attract new customers. Organization has to
understand these and act when necessary or viable.
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2.2 Methods of information extraction

Information extraction is a process of identifying facts in unstructured or semi-structured data and
converting them into structured representations. These facts may be names of entities, their
relations or events and tasks of the information extractions are.

e Named Entity Recognition
e Co-reference Resolution

e Relation Extraction

e Event Extraction

For a successful information extraction we first need to identify pre-defined named entities (Named
Entity Recognition), then control for multiple mentions of the same entity in the text (Co-reference
Resolution). After that we have to detect the relationships between entities identified in the text
(Relation Extraction), the last task is to reveal events in the unstructured text (Event Extraction) and
it is considered the hardest from all four tasks. These tasks may be performed within one textual
document, at the document level or cross-document, for more details see (Piskorski and Yangarber,
2013).

In terms of methods you, we can divide information extraction methods to rule-based and pattern
and supervised learning methods. Traditionally rule-based approaches are referred to as
handcrafted systems and they may be simple hand-written patterns or advanced rule-based or
example-based systems. Examples of rule-based approaches are FASTUS (Hobbs et al., 1997) or
LaSIE-Il (Humphreys et al., 1998), a great overview of rule-based information extraction systems is
provided by (Chiticariu et al., 2013) who illustrate a disconnect between industry and academia,
where industry implements the rule-based information extraction systems on a large scale, while
academic papers focus on the Machine Learning Based systems.

Pattern learning methods are surveyed and described by (Muslea, 1999), these rely on a set of
extraction patterns used to retrieve the information. More advanced, supervised learning methods,
include maximum entropy models (Borthwick, 1999, Chieu and Ng, 2002) , decision trees (Sekine et
al., 1998), support vector machines (Tong and Koller, 2002) and more. What they have in common is
the use of automated, machine learning methods.

2.3 Methods of information representation

Information representation methods are methods used to represent structured information we have
extracted from unstructured data from various sources and stored. We can represent these
information either by producing raw numerical data with statistics or using the visualization. While
raw numerical outputs may be useful for data analysts of the company, other stakeholders are
better off reading visualized data.

The text visualization methods were collected and comprehensively assigned into several top-level
categories by (Kuche and Kerren, 2014). You can reference a full list of 100 visualization techniques
included in the study online (available at http://textvis.Inu.se/). This list includes for example IN-
SPIRE Galaxies (Hetzler and Turner, 2004), FaceAtlas (Cao et al., 2010), Sentiment Relationship Map
(Wang et al., 2013), Topic Competition Visualization (Xu et al., 2013) or ConVis (Hoque and Carenini,
2014).

3. THE MODEL OF INFORMATION UNDERSTANDING IN SERVITIZATION ORGANIZATION
Nowadays it is a common practice companies track customers through their lifecycle. The big
challenge, however, is to track, process and answer to any opinion or comment raised by the

Proceedings of the Spring Servitization Conference (SSC2015)
85



Molnar, Molndr & Gregus

customer not only by the interaction with company’s customer service, but publicly on the internet
as well. It is more important for servitization company as it has to approach the customer care
carefully in order to retain the customer of its services. In a proposed model, the company reacts to
any detected situation according to the set of pre-defined rules for target communication.

3.1 Information and Knowledge

Today is the usual form of the communication between the organization and customers of type
“Information - Information”. This is simple query and answer communication, which in many cases
doesn’t offer the most relevant information to the customer as it is independent of other
information created by the customer or other customers and what is available publicly from other
sources (reviews, articles, blogs or discussion boards). We propose a model of the system able to
understand the input from the customer and automatically prepare the most relevant answer using
accumulated knowledge and the information about customer himself. This way company may not
only provide better and faster information to the customer, but remind him additional products or
services he may be interested in. We call this form of communication “Information — Knowledge -
Information” and the process is described in the Figure 1.

information
@ knowledge
Information Knowledge
Processing Base
Customer tﬁ Organization
information

Figure 1: The Information — Knowledge — Information Flow

More precisely, the communication starts with customers who are communicating their experience
or ideas about products and services either to the company (requesting information or complaints)
or they publish it on the internet (reviews, user comments or opinions). Traditionally, the
information flow directly from the customer to the company would be recognized by the company
on a certain level, while a large part of the information available on the internet would remain
unknown. In this settings the company is not able to provide as relevant information as it could. In
our model, company retrieves the information from both, the communication with customers and
internet, and creates the knowledge base. It can then use the knowledge base to react on the
information available on the internet and also to improve its direct communication with customers.

3.2 Proposed architecture

In order to implement the “Information — Knowledge — Information” communication, a company has
to be able to retrieve, process and understand a large quantities of unstructured data. In order to be
able to cope with these requirements, we propose a following knowledge-based system [as shown in
Figure 2]:

Proposed system uses unstructured data as the input, then it extracts the information form them
using the rule engine. The main parts of this solution are Knowledge based represented by
lightweight ontology (RDFS — Resource Description Framework Schema) and facts enrolled in POSL
(POSL — Positional Slotted Language ), Rule subsystems and the Reasoning engine. We also propose
the use of customer data in order to provide more insights on the customer himself and visualization
of data in order to provide the comprehensive information more clearly.
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Figure 2: The functional blocks of proposed Knowledge-Based System

The input, raw text, is downloaded from the internet or other sources (such as emails or transcripts
of the communication). Raw information is then processed using the information extraction system.
This system performs also, among other tasks, the entity recognition and relation extraction. For
more information on information extraction, please refer to (Cowie and Lehnert, 1996) or (Piskorski
and Yangarber, 2013). The review of information extraction systems implemented for web
information extraction is described in (Chang et al., 2006).

Information is then passed to the semi-automatic rules engine. Rules engine uses a set of pre-
defined rules to process extracted information and produce structured data - “facts”. Examples of
rule based systems are (Skeppstedt et al., 2012) who used it for the entity recognition in health
records or (Folorunso et al., 2012) who used it for mineral identification. Structured data (facts) as
well as other information needed by system (ontologies and rules) are then stored in the knowledge
base. If needed, they are retrieved and visualized. An example of this system is a system responding
to customer queries in an autonomic way or as a knowledge base for the customer care team (online
and e-mail support, call centre or personal contact point).

3.3 Example
Let us illustrate the benefit of proposed system on a simple example of customer review that starts
as raw text, a publicly available review on a specialized website:

“We were planning to migrate to XY’s cloud, we have tried to contact them 5 times but they never
contact us back. We used the form in their webpage, we have received an email that said that
customer care should be in touch with us in the next 24 hours but they never called us. They do not
offer chat assistance or telephone assistance. They have very serious problems in this area as they
have lost a big client and they do not even know.”

We can clearly identify the user who is trying to migrate his services to XY and had the troubles
contacting the company. Now while this is visible to people who read given website it is usually not
visible to the customer care service of the XY. Should the customer contact the company again they
will never know he already tried to contact them and posted a review on their services. Should he
never contact them again, they would never noticed his intent to migrate to them and troubles with
the communication. Figure 3 shows the process of the transformation of raw text into facts.
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Raw text Extracted information Facts

“We were planning to migrate to XY’s cloud, we have Pro‘”der: XY COMPLAI N:

trid to contact them 5 times but they never contact us Service:  Cloud Customer = ABC;

back. We used the form in thei webpage, we have N ’

received an email that said that customer care should Customer: ABC Service = Cloud;

be in touch with us in the next 24 hours but they never

colled us. They do not offer chat assistance or What: Contact ;/’\ Contact = webpage;

e o s« beint we o Concern:  They never contact us back Concern = never contact us back;

ot even fnow” Chat: No Priority = high;
Contact: ~ Webpage Sentiment = negative;
Amount: 5

IJ1©

Customer = ABC;

Service = Cloud;

Priority = high;

Action = apology;

Action = collect concerns;

Figure 3: An example of the information processing

First, the raw text is processed to extracted information. The issue is the extracted information itself
is only slightly better than raw text as it can be categorized and searched, but it does not provide
direct and quick call to action needed in the case of customer care. This extracted information is
therefore passed to the rules engine which creates facts and direct call to action using a set of rules.
Facts can be shown to the customer care department or processed automatically by other systems.

Processed information (fact) can be represented in the POSL as follows:

Complain(who->ABC;
contact->webpage;
amount->5;
concern->never contact us back;
sentiment->negative;
priority->high).

Call(who->ABC;
reason->complain;
priority->high;
action->apology;
action->collect concerns).

4. CONCLUSION

In our paper we presented a model of knowledge-based system for enhancement and advanced
understanding of communication between customer and servitizing company. Conceptually is
proposed knowledge-based system utilising of information extraction based on the rules and
knowledge management (knowledge representation and reasoning). This solution could help to
improve the quality of the communication and perceive of the customer’s behaviour by revealing
information available via public sources and company channels and hence to improve whole
customer satisfaction with provided services. From long term perspective, company also has the
opportunity to build a large knowledge base and analyse complex information about its products
and services from customers. This tool can be used to analyse products and services of the
competition as well.
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In the coming future, we would like to pay more attention on the following aspects, firstly we will
develop a domain ontology for servitizing organizations. Further, we focus on the evaluation and
selection of suitable tools for information extraction. Third, we will develop a sample framework
covering based on proposed communication model and software architecture.
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“THIS BEER IS OFF!” - BUILDING A DIALOGUE GAME FOR SERVITIZATION

Victoria Uren & Panagiotis Petridis

ABSTRACT

Purpose: Development and evaluation of a prototype dialogue game for servitization is reported.
Design/methodology/approach: This paper reports the design of the iServe game, from user
centered design, through implementation using the Unity games engine to evaluation, a process
which took 270 researcher hours.

Findings: No relationship was found between either age or gaming experience and usability.
Participants who identified themselves as non-experts in servitization recognized the potential of the
game to teach servitization concepts to other novice learners.

Originality/value: The potential of business games for education and executive development has
been recognized but factors, including high development cost, inhibit their uptake. Games engines
offer a potential solution.

KEYWORDS: Serious games, game design, evaluation

1. INTRODUCTION

Business Games have existed since the 1960s with Top Management Decision Simulator being
considered the earliest well known example (Meier et al., 1969). Business games have gained a
foothold as a tool for education and executive development, where their ability to engage and
inform, as well as entertain, can contribute significantly to learning. Typical examples of these
include, in the manufacturing sector, Siemens Plantville (Brownhill, 2012), which gives players the
opportunity and challenge of running a virtual factory, and games for teaching the concepts of Lean
Manufacturing (Vaz de Carvalho et al., 2014). We are particularly interested in determining and
advancing the role of serious games in advancing the adoption of product service systems. A few
management games exist which address some issues relevant to servitization, for example, the
Mortgage Service Game (Anderson & Morrice, 2000), concerns services supply chains, and the EDIPS
board game is designed to teach design of Product Service Systems (Nemoto et al., 2014). However,
relatively few serious games exist in the domain of servitization.

One factor which inhibits the uptake of games based on computer simulation is the high
development costs associated with game development. This factor is being addressed using new
development tools and game engines, which significantly reduce the cost of game development. In
this paper we report the development process used to produce a servitization game prototype using
one such game engine, Unity (http://unity3d.com/, accessed on 3 March 2015) in section 2, in
Section 3 we characterise the prototype using a management game taxonomy (Greco et al., 2013) to
assess the sophistication of the resulting prototype, and report usability evaluation in Section 4.
Section 5 summarises the findings and outlines future work.

2. DEVELOPMENT PROCESS

The prototype game was developed using a user centered design process (Greenbaum & Kyng,
1992). In user centered design the needs of users are considered from the outset and at every stage
of the software development lifecycle, the aim being to produce a highly usable product which fits
to the users’ needs. Typically a cyclic design process is employed with prototypes being tested at the
conclusion of each design cycle. For the prototype described in this paper the servitization experts in
the team put themselves in the role of users, who were conceived as manufacturing managers: a
group well known to several of the researchers. Feedback gathered during the evaluation reported
here will be taken as user input for the second design cycle. The development process took an
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estimated 270 researcher hours, the breakdown of which is given in Table 1, and activities conducted
at each stage are reported below.

Stage | Person hours(h)
Game Mechanics | 44
Scenario Development | 44
Dialogue Scripting | 132
Implementation | 50

Table 1: Resources used for prototype development

1. Game Mechanics - The first step was to select appropriate game mechanics for use in the
game. A workshop with ten participants, lead by the games researchers, introduced the
servitization experts to the available palette of game elements, approaches to play and the
crucial concept of learning points. The learning points are the objectives which a serious
game is designed to teach. It was concluded that a dialogue game, using scoring to reward
dialogue choices associated with the learning points was a suitable game design for the
prototype which could be supported using the Unity games engine, an approach which
should reduce the development time and cost required.

2. Scenario Development - Immediately following the game mechanics workshop a
brainstorming session was held which identified several possible scenarios and associated
learning points. For this exercise the team broke into three sub teams, each containing at
least one game designer and at least one servitization expert. The sub teams presented their
ideas to the whole group and the best scenario was chosen. This scenario begins in a bar
where the beer is bad, and is inspired in part by the Beer Game (Sterman, 1989), a well
known management game for teaching the bullwhip effect in supply chains. The goal of
players would be to solve the problem of bad beer. The learning points would concern the
Basic, Intermediate and Advanced Services model (Baines & Lightfoot, 2013) of servitization,
which is used in the knowledge transfer workshops run by the Aston Centre for Servitization
Research and Practice. This model has proven effective in communicating the nature of
servitization to managers of manufacturing SMEs.

3. Dialogue scripting - An intensive two day workshop was held with eight of the participants
from the earlier workshop, which went deep into on the selected beer scenario, to develop
non-player characters with whom players could interact to identify solutions to the problem
of bad beer and scripting detailed dialogues. Techniques used in the workshop included role
playing and story boarding, with the different dialogue options being collected on script
cards, and by recording the researcher’s role-playing the dialogue. To reinforce the learning
point, the highest scores were associated with dialogue options relating to Advanced
Services, moderate scores were associated with dialogue choices relating to Intermediate
Services, and low scores were associated with dialogue choices relating to Base Services. The
design process involved role playing dialogues between the player (cast as a beer inspector)
and various characters who would be encountered.

4. Implementation - Once the scenario writing and dialogue scripting were complete, three
scenes and accompanying dialogues with a small cast of non-player characters were
implemented in Unity (see Figure 1). Unity is a game authoring environment which supports
the creation of interactive video games (Watkins, 2011). Unity is one of a generation of game
authoring tools, which make the production of new games faster and easier. Using the story
boards developed at the workshop, one game designer implemented the game, with input
from one native English speaker to script the final dialogues in colloquial style.

5. Evaluation — the final stage of the user centered design cycle is evaluation and testing. This is
reported in detail in section 4.
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Figure 1: Interaction with the hotel owner at the point where the user must make the first service
design decision, left showing the virtual bar, right showing dialogue implemented in Unity

3. CATEGORISATION

iServe was categorised using the taxonomy proposed by Greco et al. (2013), in order to situate it in
the landscape of business games and assess its sophistication. Greco’s taxonomy identifies and
classifies the relevant elements of business games which incorporate aspects of serious games,
management games and simulations. It has five major categories:

1. Environment of Application — iServe is a Stand Alone Simulation, played as a single player
game, with an Arbitrary time representation, Finite teleology (it has a clearly defined end),
and Self controlled Learning (it does not require teaching support).

2. Design Elements of the User Interface — iServe presents a Simulation in One Run, with only
one round being played, decisions are strictly Sequential and Qualitative, Haste is absent
(players can complete the game at their own pace), the simulation is Transparent Box
(players immediately see the effect of each decision on the score, and its Appearance is 2D
graphics. The user interface is Software Based, and Savability of the game state is None. The
virtual environment, supported by Unity, makes iServe unusual for a business game — it has a
Vagrant Perspective and Relative Positioning (players can move around relative to the
environment and non-player characters).

3. Target Groups, Goal, Objectives and Feedback — iServe is an Open target game, although
manufacturing managers are a target the game could equally be used with business
students. The goal of the game is primarily Teaching (as opposed to skills evaluation), with an
element of Research. The Didactic skills in the game are Conceptual skills, rather than soft
skills, such as communication, or Hard Skills concerning detailed technical operations. The
Challenge of the game is Identical for all players. The Final score display provides limited
Individual Debriefing and Immediate Feedback, which is Incomplete.

4. User Relation / Community — Because iServe is a single player game, Interactions Among
Players are Absent, Player Composition is Single Player and Player Relation is Individual etc.
However, we would argue that, because of the role of non-player characters in the game, it
is a Role-Playing game: players need to put themselves in the place of the beer inspector to
succeed at the game.

5. Model Characteristics — The development of the underlying simulation for iServe is
(currently) limited to scripted dialogue between the player and non-player characters. It has
a Realistic Domain, is Deterministic (players are rewarded for making good decisions without
any element of chance), it concerns a Special Area of Interest (Servitization) rather than a
whole domain, is Without Influence of External Data, and Configurability is Absent. Finally,
Fidelity is low. In Greco’s taxonomy Fidelity is calculated by weighting six key elements from
the taxonomy, which for the prototype were scored as follows:

e Behaviour — Deterministic (weight 1)
e Interaction — Absent — players interact only with non-player characters (weight 1)
e Player composition — single player (weight 1)
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Challenge — Identical — the player can only make predefined choices (weight 1)
e Didactic Goals — Conceptual Skills (weight 1)
Appearance — 2D (weight 4)

This gives the prototype a total weighting of 9 (minimum 6 - maximum 36), which places the
prototype in the low fidelity category.

This categorisation indicates that, while the iServe game required relatively little time to get a
prototype up and running, the current version is not particularly complex. To use the terminology
proposed by Kriz and Hense (2006), the game suffers from “under-challenge”. More work would be
required, particularly on the underlying simulation model, to produce a business game which is
adequately challenging for the target audience of manufacturing managers.

4. EVALUATION

The target audience of the game is managers in the manufacturing sector. Despite evidence to the
contrary (ISFE, 2010), the perception persists that gaming is confined to younger age groups.
Managers in manufacturing are typically older. Therefore, they might be argued to be an audience
who would have relatively little gaming experience and who would be hard to reach via games. The
usability of the iServe prototype game was therefore evaluated with respect to age and gaming
experience. A further factor of interest was whether the level of knowledge about the servitization
topic would impact learning outcomes.

A game test was carried out at the Spring Servitization Conference 2014 (SSC2014)
(http://www.aston.ac.uk/aston-business-school/research/events/ssc2015/, accessed 3 March 2015).
Participants were drawn from all attendees, who included both industry and academic attendees
with a wide range of expertize in servitization, from professors of Product Service Systems and
industry experts to MBA students and conference organizers. The cohort was dominated by
participants who gave high ratings to their servitization expertise (34 score 3 or above, 11 score
below 3), and most had relatively little game playing expertise (32 score below 3, 13 score 3 or 4,
none score 5) (Figure 2).

Age Gamer Sevitization

e : & G

Figure 2: Participants’ ages, gaming experience and servitization expertise.

Many of the participants were not regular gamers (32 of 45 players (71%) responded 1 or 2 to the
question “to what extent do you normally play computer games” on a scale of 1 (Not at all) to 5 (Very
much). This was an appropriate sample, since the target audience is manufacturing managers. If we
assume the stereotypical manufacturing manager is an older male, then ISFE reports that 40% of 45-
54 year olds and only 28% of 55-64 year olds will be gamers (ISFE, 2010).

Each participant was introduced to the game using a participant information sheet, and a researcher
explained controls if the user requested it. The participant played the game to the end, when they
received structured feedback on their performance. Game usability was measured by a self-report
questionnaire with seven parts based on the past experience, overall user reactions, easy of use,
playability, learning curve, comments and finally suggestions for alternative scenarios. The survey
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combines 20 Likert scale questions (e.g. “To what extent are you expert in servitization?”) and 3 open
ended questions (e.g. “What do you think the game was trying to teach?”).

4.1 Results

Table 2 presents the mean responses of the whole cohort to the key usability questions. Overall
reactions were mid range with the exceptions of difficult-easy and rigid-flexible, implying the users
found the game fairly easy but somewhat rigid. The latter is probably to be expected given the
limited dialogue developed for the prototype. The mean responses for learning to play the game
were above mid range, which is encouraging, given the limited numbers of gamers in the group.

Question | mean(s)

Overall reactions

terrible-wonderful | 5.2(1.8)
frustrating-satisfying | 5.2(2.0)
dull-stimulating | 5.4(2.1)

difficult-easy | 6.2(1.8)

rigid-flexible | 4.6(2.0)

Learning to play the game
learning to operate the interface | 5.8(2.4)
time to learn to use the interface | 6.4(2.3)

Table 2: Mean responses over all participants

The High-D parallel coordinates tool (www.high-d.com/, accessed on 3 March 2015) was used for
initial visual exploration of the data in this study. Visual analytics is used to explore data and rapidly
identify trends and patterns (or their absence). Parallel coordinates (Inselberg, 2009) are a
visualization approach in which multiple variables are represented by vertical axes with a polycurve
(or polyline) representing the variable of interest (the axis for which is drawn on the far left). The
power of the method comes from the analyst’s ability to rapidly and intuitively compare large
numbers of variables. Figures 3 & 4 present parallel coordinates visualizations comparing results for
usability related questions. Unpaired t-test were conducted to support the visual analytics results.

4.1.1 Participant Age and Usability

Because manufacturing managers are typically older, the target age groups for the game were 42-49
and 50+. Preconceptions about video game users might suggest that older participants would have a
more negative reaction to the game than younger ones. To explore this possibility, parallel
coordinate analysis (Figure 3) for was conducted to explore possible relationships between the age of
participants and their reactions to the game. The left hand axis shows Age Group. The remaining axes
are from left to right: terrible-wonderful, frustrating-satisfying, dull-stimulating and rigid-flexible (all
Likert scale (bad) 1-9 (good)). Each participant’s responses are represented as a polycurve. The left
hand plot shows, as polycurves coloured darker blue, the responses of participants from the target
age group, 42-49 and 50+, with other age groups greyed out. The right hand plot highlights in
brighter blue the age groups of more ‘typical’ gamers aged 18-25 and 26-33. Analysis of Figure 3
shows no indication that older participants had more negative reactions than younger ones.
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Figure 3: Left, responses of participants aged 42-50+. Right, responses of participants aged 18-33.

Following the visual exploration of the data, unpaired t tests were conducted to test the null
hypothesis that there was no difference in the mean scores of younger (18-33) and older participants
(34-50+) for the questions on overall user reactions, easy of use, playability and learning curve. No
significant (5%) difference was found between the two groups on any of the questions.

The mean level of gaming experience declared by participants aged 18-33 was 2.4, based on answers
to the question “to what extent do you normally play computer games” ((Not at All) 1 to 5 (Very
much)). Participants aged 34-50+ declared average mean gaming experience of 2.0. An unpaired t-
test was conducted to test the null hypothesis that there was no difference in the levels of gaming
experience for the two groups and no significant difference was found at the 5% level. This is inline
with evidence that gamers are not only found among the young (ISFE, 2010).

4.1.2 Gaming Experience and Usability

Figure 4 is a parallel coordinates plot of key usability responses visualized with respect to Gaming
experience on the left hand axis. The remaining axes from left to right represent the “Learning to
operate the interface” ((difficult) 1-9 (easy), “Time to learn the Interface” ((too long) 1-9 (very short))
and the overall reaction ((difficult) 1-9 (easy)). Each participant’s responses are again represented as
a polycurve. The polycurves are coloured with the most experienced gamers in the darkest blue.
Note left and right hand plots show the same parallel coordinates plot but in the left hand plot the
subset of participants (polycurves) who found the game easy to play (>5) is greyed out and in the
right hand plot the subset who found the game hard to play (<5) is greyed out.

Figure 4: Left, responses of participants who reported finding the game easy to play. Right,

responses of participants who found the game hard to play.

The visual analysis indicates that that the response to the game is not related to gaming experience
for this group. Some players who rated their gaming experience as 2 or 1 found it easy. However,
others, who found the game easy, rated the system below 4.5 for Ease of Learning and 4 rated it
below 4.5 for Time to learn. Players who found the game difficult typically had little gaming
experience, but not all rated the game as hard to learn.
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Unpaired t-tests were conducted with the null hypothesis that there was no difference in the mean
scores of experienced gamers (score 3-5) and inexperienced gamers (score 1-2) for the questions on
overall user reactions, easy of use, playability and learning curve. No significant (5%) difference was
found between the experienced and inexperienced gamers on any of the questions.

4.1.3 Servitization Expertise and Learning Outcomes

Finally, we assessed whether servitization expertise would impact on the learning outcomes for the
game. The game test was conducted at SSC2014, and therefore a large portion of the cohort were
servitization experts. Table 3 reports the mean values for responses to the two learning related
questions. Participants who responded 1 or 2 to the question “to what extent are you expert in
servitization (1 (not at all) 5 (very much))”, denoted as novices, gave higher scores to the learning
outcomes than did participants who responded 3-5, denoted as experts. Both groups also gave
higher responses to the question “do you think a novice would learn about servitization from the
game?” than to “did you learn about servitization from the game?”.

Question | mean(s)
Experts Novices
(score 3-5) (score 1-2)
Did you learn about servitization from the game? | 2.3(1.1) 2.8(1.1)
If you have some expertise in servitization, do you think a | 2.6(1.1) 3.4(0.9)
novice would learn about servitization from the game?

Table 3: Mean responses for learning outcomes

Unpaired t tests were conducted with the null hypothesis that there was no significant difference
between the scores for the novices and experts. While there was no significant difference at the 5%
level between the groups for the question, “did you learn about servitization”, there was for the
second, “do you think a novice would learn about servitization” (P 0.049). This indicates that the
novice players were more positive about the game than experts.

5. CONCLUSIONS

In their discussion of theory oriented evaluation of business games, Kriz and Hense (2006) draw a
distinction between ‘design in the small’ and ‘design in the large’. Design in the small concerns the
evaluation of how well an individual game models reality or delivers appropriate learning outcomes.
In this respect the iServe prototype shows promise for educating novices in servitization concepts,
with more positive responses on learning outcomes given by the less expert participants. Design in
the large, on the other hand, concerns the use of games to ‘change existing dysfunctional situations’.
The low uptake of servitization in some sectors arguably presents such a dysfunctional situation. For
serious games to make an impact in this area they need to be able to address the target audience of
manufacturing managers, who are typically older, and may lack gaming experience. The evaluation
results presented here suggest that virtual world environments of the sort provided by the Unity
gaming engine may be acceptable to both older participants and those with little gaming experience.
This is counter to preconceptions that games are only suitable for younger learners and opens the
approach to the target audience of manufacturing managers.

Our prototyping experiment with Unity has demonstrated that playable business game prototypes
can be developed in viable time frames using game engine technology. However, user responses
were typically mid-range and categorization using Greco et al.’s taxonomy (2013), indicated the
resulting game was not particularly sophisticated when characterized in terms of typical features of
business simulation games. More work is needed to make a really useful and interesting game; the
user centered design approach taken to develop the prototype naturally lends itself to cyclical
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improvement and the evaluation results reported here will be used to develop further versions of
the game.
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WILL ACCOUNTING INFORMATION BE RELEVANT IN THE SERVITIZATION PROCESS?

Andrea Tenucci & Lino Cinquini

ABSTRACT

Purpose: The paper aims at exploring and understanding the role of accounting systems in companies
involved in the servitization process. Accounting is expected to provide information about costs and
revenues of services actually or potentially provided by the company.

Design/methodology/approach: The research is based on two explorative case studies on Italian
companies. Both companies are in the machinery manufacturing sector and are offering services jointly
with the products. One is a large company (an electricity generation equipment manufacturer) and one is
a medium size company (producer of solution for the nonwovens fabrics).

Findings: Our findings reveal that accounting is actually able to provide much more information on
products than on services, but accounting information plays an important role in pricing product-related
services. The two case studies show different level of development in practicing the construction of
accounting information to support servitized environments and still a traditional approach to accounting
measuring. Thus, understanding the economic and managerial performance associated with a strategy of
servitization should require innovative management accounting tools and approaches able to support
decision making process on services.

Originality/value: The paper investigates on the profitability of product-related services and which is the
role of accounting in supporting these analyses. The cases showed in this paper highlight how
servitization in manufacturing further emphasizes the insufficiency of the pure observation of costs for
producing adequate management accounting information of product-related services.

Key words: accounting, servitization, pricing, costing

1. INTRODUCTION

Management Accounting (MA) is recognized as the discipline dealing with the provision of relevant
accounting information for business decision making and organizational control (Horngren et al., 2001;
Drury, 2012). Its research and principles largely refer to the paradigm of manufacturing. Notwithstanding
progress in Services, they are generally considered as “special products” in costing, performance,
decision-making and control, and service organizations has been underestimated as relevance and
generally treated as special case of manufacturing industries. Further, the implications for MA of recent
developments in issues related to servitization have not been explored in deep yet.

The paper aims at exploring and understanding the role of accounting systems in companies involved in
the servitization process. Accounting is expected to provide information about costs and revenues of
services actually or potentially provided by the company.

2. LITERATURE REVIEW

Focussing on the literature at the interface of management accounting and service in the 1990s, only few
articles address the implications of service characteristics for accounting (Modell, 1996; Brignall, 1997).
After, the service and servitization literature has significantly developed, but the role of accounting in this
context is neither clearly revisited, nor sufficiently addressed. The few attempts to elaborate
management accounting in servitization have been published in operations or marketing journals, so far
with limited scientific or practical implications (see e.g., Gronroos and Helle, 2010; Laine et al., 2012). In
all, the research attempt underlying this plan is expected to have wider impact as a basis for further
considerations in this emerging stream of research.

Laine et al. (2012) providing a theoretical paper on the role of management accounting in servitization
suggested that such role might be classify into justifying, defining and controlling the servitization.
Moreover, it was argued that accounting could support servitization at three levels, which are the
company level, the product/relationship level and the process level. The management accounting
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information could serve in different roles at those levels, ranging from an answer machine to a source for
inspiration (see Burchell et al. 1980, as used in Laine et al. 2012).

In the service literature, only a few papers discuss the overall potential for service business in different
manufacturing and industrial service settings. This stream seems to follow the path initiated by Wise and
Baumgartner (1999), which addressed the downstream business potential as a ‘new profit imperative’ for
manufacturing. They discussed the different circumstances, under which different downstream potentials
would exist and thus different servitization strategies should be followed respectively. In this vein, Hu and
McLoughlin (2012) build their multiple case study report on the strategic management literature and
propose a holistic framework for the companies seeking for new markets to their industrial services. They
conclude that at least cooperation with the customers, different forms of innovations and support from
the institutional forces, such as legislation support the companies in creating new markets for their
services. However, instead of dealing with the roles of accounting and control in such a process of market
creation, Hu and McLoughlin (2012) just discuss the ‘control’ of the companies over the new markets.
However, the lesson learned from Hu and McLoughlin (2012) from the viewpoint of this paper is the fact
that the companies should be aware of the business potentials under different circumstances in their
customers’ businesses. Accounting and control could help in creating such awareness.

Research in servitization has somehow suggested the point. Oliva and Kallenberg (2003), in discussing the
major challenges a manufacturing company has to face to become service-oriented, pointed out the
importance to create units of service provision with dedicated resources (sales force, service technicians)
and an information system to monitor the business operations and to achieve accounting transparency
for the new business. With this information system it becomes possible to highlight how important
services are for the overall profitability of the firm. Possibly this service organization has to be run as a
profit center (or a separate business unit) with profit-and-loss responsibility:” (...)Our interpretation is
that the new organization effectively protects the emerging service culture — with its metrics, control
systems and incentives — from the values and incentives predominant in the manufacturing
organization.”(p.167). In this respect, the importance of tailoring MA for servitization is considered also
for the support it may provide to cultural change toward service in a manufacturing environment.

Recently, Lerch and Gotsh (2014) have addressed the importance to fill an “overhead cost trap” meaning
that usually the manufacturer provides the services free of charge to the customer but includes the costs
related to service in the product price. This way, the service benefit and service value are not obvious. As
a consequence, the actual importance of service and the associated value of industrial services are
systematically underestimated, and this leads to overpriced products and inferior service delivery, which
diminishes the competitiveness of the product and leads to under develop service business.

Altogether, it may be argued that the analysed literature primarily examines the justification or definition
of the servitization initiatives, without yet actually discussing the controls or the purposes of use given to
accounting information in later phases of servitization. For the purpose of this research, there is the need
to shed some more light on the utility of managerial accounting in servitization deepening the role it
assumes into organizations.

3. METHODOLOGY

In order to address the aims of the research, an interpretive perspective has been applied. The qualitative
research presented here is based on interviews and the further use of secondary sources. The project is
exploratory in nature, so semi-structured type interviews has been selected in the data collection during
the case study execution. A series of interviews with managers have been conducted in two servitizing
companies. The interviews were digitally recorded and transcribed. The investigation has further
benefited of the analysis of documents, reports and other company information publicly available or
directly provided by the interviewed in order to triangulate primary evidence with secondary sources .
Two companies have been selected. Both are Italian companies belonging to the Machinery
manufacturing sector and competing in the global business. To maintain the anonymity the two
companies will be called Company A and Company B.

Five interviews have been conducted; two for company A and three for company B. The interviewed
were the Financial Officer and the Customer Service Manager in company A; the Business controller, the
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Long Term Service Agreement (LTSA) commercial Department Manager and the Risk Management
Analyst in Company B.

4. FINDINGS FROM THE CASES
The findings of each case will be separately presented in the following subparagraphs.

4.1 Case study - Company A

The company is a world-leading producer of complete downstream solutions specialized in winding,
packaging lines, palletizing and reel handling. The product range includes automatic positioning systems
for cutting units and cardboard cores, unwinders and multifunctional lines with printing systems and the
technology for airlaid production. The technology is used for processing nonwovens fabrics with a special
focus on hygiene and medical products (spunbond, SMS and spunlace). It reaches a level of revenues of
42 Million euro (2012) employing about 100 people. It is considered the market leader having about 80-
90% of the market share.

The company offers a wide range of services included in the “customer care” department: Assistance for
Spare parts, Maintenance plans (planned and ordinary), Winding School, Online Service (Mysp@re), Baby
Sitting, Upgrading Offer Service and Financial Services. About 20% (8 MI€) of Total revenues is coming
from Services. Such amount increased four times in the last five years and a company desire is to further
extend such percentage in the near future.

Until seven years ago the company had an R&D department employing five people but the experience
revealed that the coming projects were technically wonderful but far from the daily applicability and
from the real problems of the customers. Then it was decided to reduce the department, the “Technical
office department” absorbed the people working there. R&D is somehow considered to be within the
“Customer care services”. Nowadays the company develops new (or improved) solutions only according
to customer needs. Once a solution is successfully implemented to answer a specific customer need, it is
then offered and replicated to the other customers. R&D function is strictly related to the satisfaction of
“new” customer needs. In the “Customer care services” department three employees (one electrical and
two mechanical engineers) take care of service development. Service R&D is furthermore developed
considering the customer of their customers in order to understand the quality requirements needed.

Accounting and control have two completely different ways of working in the products (capital
equipment) and services. Regarding the former, the company has a tight control every quarter supported
by the use of budgets and Cash flow management tools. According to the wide knowledge on the
products, it is enough easy for the company to monitor the completion of the orders (on average 5 every
year). On the service side the situation is extremely different. Due to the wide variety and number of
services offered every year (on average 2,500), the company has a very loose control. The check of
budget is on yearly base where the “actual” value is frequently divergent from the “budgeted” one. The
forecast activity on services is much more difficult to the one of products.

Differences in accounting and control are also mirrored in the different ways the company set prices for
products and services. The full cost of products is effectively defined. Then a certain mark-up is applied
on it; salespeople are well aware of the minimum level of margin they have to respect to set prices. On
the services side the method is different. The company has some idea of the service costs (mostly direct
costs), but it is left to the ability of salespeople to apply the highest possible price according to the
specific customer. There is a financial support for salespeople to calculate the amount of service costs to
cover and the minimum level of mark-up to apply, but then it is a matter of the salesman. So the same
service can have a very different price depending on the customer. For this reason the profit margin of
services is triple respect to products.

“[...] if you consider that our the break-even point is about at 19 Ml €, and in case we reach the goal of
increasing the revenues coming from services from 8 to 12,5 Ml €, given the service margin, we are able to
reduce the break-even point [...] this would mean that in March we could reach our break-even point.”
(Financial Officer — Company A)
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The company is well aware of the potential of services for increasing revenues and increasing profitability
and it is confirmed by the following words:

“Our company, with seventy years of story, has installed more than 500 machines. This means having an
incredible potential consumer base for services [...] if we will really improve our organization we could
reach up to 50% of revenues from services [...] and this is feasible in the future...” (Financial Officer —
Company A)

4.2 Case study - Company B

The company provides plant engineering for turnkey power plants, including process, mechanical, civil,
installation and start-up engineering, helping customers define the features of new power plants. From
manufacturing perspective the company is split into three product lines: gas turbines, steam turbines and
generators.

It reaches a level of revenues of 1,117 Million euro (2012) employing 2,913 people.

The company is furthermore leading provider of services for all types of electric power plant, offering
assistance at all levels of complexity for its own and third party machinery. It handles all after sales issues
with a broad range of global services, ranging from repairs and spare parts, to on-site work including
overhauls and upgrades, right through to fullservice or Original Equipment Manufacturer (OEM) Long
Term Service Agreements (LTSA). About 28% of revenues is coming from services.

To the aim of this paper, the analysis of costing and pricing methods within the company for servitisation
is presented. In particular, methods applied to LTSA are analysed.

LTSA consists in long-term contracts, which provide performance-based maintenance at a lump-sum
price, including any type of maintenance necessary to maximize production and efficiency of the
customer's machinery, to keep technology updated, and to share risk between OEM and the customer.

In the year 2007, the company made a big step forward regarding the offer of LTSA: not only, it offered
LTSA to its equipment customers as an OEM, but thanks to the launch of the Original Service Provider
(OSP) trademark, it extended its access to the industrial maintenance market: OSP combines both OEM
and independent service provider (ISP) activities, in order to offer LTSA and other services also to
operators of third-party OEM equipment . This step has been mainly achieved by the acquisition of two
companies specialized in the turbine system production (one of the two is specialised in equipment of the
competitor General Electric).

Also for the company, service offers have become an increasingly important source of revenues.

Already in the year 2006, one year in advance of serving also third-party equipment, LTSA were of
importance: only counting for 1.6% of all service orders, the LTSA sales contributed to 58% of revenues
generated from maintenance services (Table 1).

In order to stress the financial importance of LTSA and services for the company, a financial analysis of
the period from 2007, the foundation year of the company OSP trademark, until 2013 was carried out. It
covers the following ratios (Table 2):

- Revenues from LTSA over overall services revenues
- Revenues of services over total revenues

- Gross profit (GP) of LTSA over GP of overall services
- GP of overall services over GP of total revenues

Service Type No. of orders Total Orders Value (€)
Field Service 235 38,338,000
LTSA 10 251,143,000
Repairs 47 10,982,000
Solutions & Upgrades 15 21,201,000
Spare parts 278 59,086,000
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Spare parts (other) 34 52,190,000
TOTAL 619 432,939,000

Table 1: Nr and Revenues from Maintenance services (company B)

Ratio 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
LTSA-Revenues/ Service-Revenues 27% 30% 28% 38% 51% 38% 31%
Service-Revenues/ Total Revenues 25% 25% 27% 29% 24% 28% 28%
GP-LTSA/ GP-services 23% | 37% 27% 46% 62% 45% 25%
GP-services/ Total GP 33% 31% 39% 42% 42% 49% 48%

Table 2: LTSA relevance (company B)

Whereas proportional service revenues remained rather constant throughout the period analysed, there
is a strong increase in LTSA-related revenues starting from 27% of service revenues in 2007, to 51% in
2011. Somehow then, in 2012, there is a drastic decline in LTSA revenues to 38%. Whereas it is not clearly
stated in the annual report of 2012, what might have caused this drop in LTSA sales, the lost sales got
compensated by increases in the solution and field services segments. Again, total service sales remained
constant in comparison to previous years.

Looking at gross profits, LTSA sales contribute significantly to the gross profits of services, with up to 62%
in the year 2011. In the financial year 2011 there was also a peak with regard to the gross profit margin of
LTSA generated income, which was 40%. Not only LTSA, but services in general provide a strong source of
gross profits with regard to overall gross profit: up to 49% in 2012, and 48% in 2013. Clearly, from a
financial and economic viewpoint, company B can be equally considered a service provider, than just a
power equipment OEM.

The LTSA payment scheme consists of the following single fees:

- Mobilisation fee: This first fee has to be paid within the preliminary acceptance certificate (PAC) and
contains also the initial stock. The PAC is a provisional acceptance of delivery. Stated guarantees in the
LTSA contract only apply starting from the final acceptance certificate (FAC).

- Annual fixed fee: The client has to pay an annual fixed fee which basically depends on the fixed costs
occurred under the LTSA.

- Variable fee: This variable fee depends on the number of operating hours of the underlying gas
turbine(s) of the LTSA and has to be paid from the first firing of a turbine.

Costing assumes a major role in LTSA pricing. In order to prepare a commercial quote of an LTSA, it
requires a series of inputs coming from the Engineering Service Department (Maintenance plan and the
General technical specifications of the LTSA and eventual particular machine interventions), from the
Service Operations Maintenance Department (in particular the quote of the planned maintenance
activities, based on the specific quotes from Field Service, the general technical specifications of the LTSA
and eventual particular machine interventions and the quote of spare parts necessary for any scheduled
and unscheduled maintenance), from Service & Operation Engineering Department (quote of additional
activities such as diagnostics, performance test, ect.) and from Quality & Safety Department (quote of
activities for quality & safety in-house and on-site).

To arrive at the cost basis for the quote of the LTSA, first, the prime cost is calculated. This includes all
scheduled maintenance activities (calculated using a predetermined cost rate per direct labour-hour),
spare parts according to activities performed and to guarantees, and complementary services. Starting
from the prime cost, the price is built by adding complementary costs, contingencies and the margin. The
complementary costs contain insurances for legacy issues, financial guarantees, contractual taxes and
duties for intermediaries and ratification. Contingencies account for the consideration of risk related to
the project. This can be considered an important connecting point between risk management & costing in
a servitized manufacturing environment. The process of risk management includes several phases with

103 Proceedings of the Spring Servitization Conference (SSC2015)



Tenucci & Cinquini

the objective to reduce the impacts of risk to the project performance by controlling and managing the
causes of risk. Specifically, the steps are risk identification, risk evaluation, risk mitigation, contingency
allocation, and risk reporting and review. Risk assessment aims at the evaluation of the actual risk
remaining after any mitigation action. It provides a quantification of the impact of risk by the
multiplication of potential damage by probability of occurrence (Figure 1). If necessary, contingencies
become allocated to the total cost of the LTSA.
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Figure 1: Risk assessment for LTSA

The sum of all prime, complementary costs and contingencies are then multiplied by a coefficient (a
mark-up), to arrive at a total price proposal of the LTSA and thus the target revenues. Thus, company B
applies a conventional cost-plus pricing method using a mark-up by which the cost gets multiplied.

Considering the long-term of contracts, a financial evaluation of LTSA is also needed to explicitly consider
the time profile of a contract. To evaluate the financial performance of an LTSA project, a cash flow
analysis is carried out. Any cash out- and inflow of the project is considered with respect to the year of
the contract term, in which it occurs. Then, all cash flows get discounted to the present value, by
application of the WACC as an appropriate discount factor. The Board of Directors adjusts the WACC
annually in order to adjust it for increases or decreases of cost of debt and of capital.

By use of the ValCom software, the economic value added (EVA) of an LTSA quote is calculated in order
to determine the value added of a project. EVA considers the fact that revenues need to cover both
operating and capital costs of a business, plus tax expenses. It therefore provides the amount of income
generated for investors and long-term creditors (Balakrishnan et al., 2009, Bamber et al., 2008). Hence,
the EVA, as a key performance indicator (KPI), goes a step further compared to classic KPI like return on
investment (ROI) or return on equity (ROE), which do not consider cost of capital or tax expenditures.

An improvement for pricing of LTSAs can be the introduction of value-based pricing and the consideration
of value co-creation between supplier and customer. This way, Company B can overcome the dilemma
caused by the combination of productivity increases and cost-plus pricing and is able to consider both
supplier and customer productivity gains/losses in pricing decisions.

5. CONCLUSIONS

The two case studies briefly described in this paper show how accounting information is relevant if
considering the pricing issues of product-related service assuming an increasing importance in
manufacturing. The paper contributes to the literature by providing evidence of the relevance of
accounting information to support decision making in servitization and addressing the potential for
research and practice in this area, whereas only few contributes have recently focussed this issue
particularly (Laine et al. 2012; Lerch and Gotsch 2014). The importance to develop an appropriate
accounting approach to monitor service and achieve accounting transparency to the servitization of the
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business is also confirmed as one of the major challenges a manufacturing company has to face to
become service-oriented (Oliva and Kallenberg 2003).

We revealed in our case studies a lower amount on information related to services than those related to
products. This is due to the greater experience on products as a traditional output of manufacturing
companies and the difficulty, or impossibility, to reuse such experience on services. Furthermore,
forecasting and stabilising service demand is extremely difficult for companies. But this should not be an
alibi not to concentrate the effort for a development of service information. In this sense, we believe that
accounting could have a crucial role in the process of service development. It currently provides some
economic facts but it should further evolve and provide more reliable information on customers as well
as on services and products in different life cycle stages.

In Company A the introduction of MA tools focussed on the servitized side of the business is still to come.
There is the awareness of the topical nature of this issue, but lack of competence and internal resources
to face it. Here Management accounting can be labelled as in “backward position” if considering the rate
of the servitization process of the company. With respect to the pricing issue of services, a major role is
played by salesmen sensitivity more than by consciousness of cost information. The accounting system
has to evolve a lot in this sense and it would become easier when the company will be able to more
accurately forecast the level of services demanded.

The case study on Company B provides some worthwhile insights from business practice of a large
company on this topic. With a traditional costing system in place for cost allocation, Company B does not
use a costing system specifically adapted to service costing. Rather, indirect costs get allocated on a
traditional direct labour-hour basis only. The financial information required according with the servitized
part of the business push company B toward an integration of different tools: particularly, the long-term
orientation of service provision implies a risk analysis to be considered in a way to adjust the pricing
definition, and a financial analysis that clearly introduce the time dimension in the evaluation of returns
from the contracts.

In this respect, the Company B experience shows an approach that seeks to integrate a rather traditional
costing system with other more advanced approaches, thus showing the awareness of the limitations of
traditional MA approaches in servitization and the tension toward a more effective analysis.
Management accounting in this setting is —in a sense - “stuck in the middle”.

Company B tried to face the need to stabilise service revenues with the offer of long term relationships
(LTSA), then it was able to use and integrate previously existing accounting systems.

In both the case studies we found some of the limitations and challenges that MA faces when
approaching product-related service (Lerch and Gotsch 2014). We refer primarily to cost accounting
challenge in allocating the cost of the departments involved in providing service, so to overcome the use
of traditional cost allocation bases that do not correctly allocate costs to service long term contracts.
Recent developments in cost management could be appropriately used to overcome this gap. To make an
example, the introduction of (time-driven) activity-based costing not only could allocate indirect costs
more accurately - being time the fundamental cost driver in service provision - but could also provide a
tool for resource planning and process improvement by activity-based management (Kaplan and
Anderson 2007).

Both Company A and B adopt a cost-plus approach in pricing services. Both stem from the prime cost
configuration (even if in Company A it appears to be less structured), but Company B, due to its more
advanced accounting system, further includes other different cost components.

Furthermore, the fact that in Company B prices are calculated by use of a conventional cost-plus method
gives rise to the pitfall of negative performance impacts of efficiency improvements. If a firm uses a cost-
plus pricing method and prices its services on the cost based on the number of direct labour hours, an
increase in efficiency - i.e. a reduction in the number of labour-hours needed to perform a particular
service - causes a decrease in revenues. “Consequently, [...] productivity improvements are making pricing
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that is based on labo[u]r-hours obsolete” (Sturts and Griffis 2005, p. 56). Hence, the introduction of a
value-based pricing model is recommended. This creates new challenges for both the supplier and the
customer regarding the disclosure of sensitive data and internal, financial information (the concept of
Open Book Accounting is recalled here, Kajuter and Kulmala 2005). Complementary challenges are also
related to the monitoring of service benefit by qualitative measures (customer satisfaction and loyalty).
In this respect, the cases showed in this paper address also how servitization in manufacturing further
emphasizes the insufficiency of the pure observation of costs for producing an adequate management
accounting information of product related services; rather, the service quality and service productivity
(Gronroos and Ojasalo 2004) have to be carefully considered and integrated to make MA an effective
system, far from abandoning MA information in decision making in these contexts.
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SERVITIZATION IN RAIL SERVICE PROJECTS: A SUPPLIER PERSPECTIVE

Uwe Kenntner, David K. Harrison, Babakalli Alkali, Bruce M. Wood

ABSTRACT

The implementation of the function project management is necessary to turn and manage the new
demands to the rail service supplier business in a successful and professional way. Project
management releases the company organisation and offers this company organisation and the
customer opportunities to achieve success. To achieve these successes some topics need to get
special attention in the projects. These topics, for example “take special care for the out of course
parts (ooc-parts)” or “use Key Performance Indicators (KPIs)”, and the resulting successes or wins are
highlighted in this paper. Due to the wins, the implementation of the function project management
represents itself a kind of “servitization”. The contents of the available various project management
literature are similar due to the literature relies to the same or similar standards worldwide.
However there are differences in the quality of the content. Service projects are often as complex as
projects in the new business (original equipment) and need the same management efforts and in
consequence the corresponding education and trainings are required for the service project
managers. For important new business projects the service project managers have to be involved to
the new business projects to prepare the service projects in time. To enable the project managers to
lead more and different projects in parallel and to be always aware about the current status of the
projects, the right IT-tools should be provided by the organisations.

Key Words: Servitization, project management, service, rail, supplier.

1. INTRODUCTION, RESEARCH QUESTION AND METHODOLOGY

Service by manufacturers or suppliers for rail products was often understood in the past to be
concerned with changing worn parts, replenishing lubrication or cooling fluids and to repair
damages. Due to the idea of servitization, the globalisation and the high requirements of the
international customers, the scope of different service products and the complexity in the rail
industry increased very much, see figure 1. The management of these services was in former times
usually done by the line organisation alongside, for example the sales, the design or the order
management department. However more and more undertakings need to be handled as a project
and therefore by a professional function of project management (Jakoby 2013, page VI). Therefore
the function project management plays in a service-led competitive strategy an important role on the
way to strengthen the relationship with the customer, to exclude competitors and to increase sales
and profit (Baines, 2013). So within the last few years the meaning of project management in the rail
service industry has significantly increased in importance. The author investigates in this paper the
following two research questions: 1. Which topics need special attention in service projects in the rail
supplier industry? 2. What are the resulting wins for the customers and suppliers itself? The available
project management literature is answering the research questions only in general but not in the
details and the practical applications which are necessary to make projects successful especially in
the rail service supplier industry. Hence the aim of this paper is not to repeat only the already
existing project management literature and standards. The methodology for the research questions
are observations in the rail supplier industry for a period of more than ten years. The authenticity of
the listed results is validated by the feedback of customers, management and project team
members, by two successful performed reference projects in the UK (overhaul) and in Ireland
(retrofit) and by literature review. Some information can’t be offered due to the author has to meet
the company secret guidelines of all parties.
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past 2015 future

Idea of Servitization

Figure 1: Development scope of service products rail and implementation of the function
project management (own illustration, some ideas from Baines, 2013).

2. LITERATURE REVIEW

Relevant project management standards and methods are defined in the DIN 69901, ISO 21500,
PRINCE2 (Projects in Controlled Environments), PMBOK Guide (Guide to the Project Management
Body of Knowledge) and ICB (International Project Management Association Competence Baseline)
(GPM 2015; Jakoby 2013, page 28-29). The reviewed literature in this paper refers to the DIN 69901
and ISO 21500 and deviates templates for the daily project work. Each of the three sources cover
almost the same topics but with a different emphasis (Felkai/Biederwieden 2013; Hab/Wagner 2013;
Jakoby 2013). In section 3 are comparisons presented between the results of the observation and the
literature review.

3. CHALLENGES, TASKS AND TOPICS IN SERVICE PROJECTS AND WIN-WIN-EFFECTS

3.1 Act globally with global teams and global processes including the role of the customer

A new business is selling their products world-wide which means as well to be prepared for a world-
wide service business and activities. Due to the necessity of short reaction times and to have the
chance to communicate with the customer on-site, the number of project team members and the
length of the process chain increased and as a consequence the complexity. In some companies the
overall service project manager in the region reports directly to the customer and leads a project
team including the service project manager of the business unit (BU). The service project manager in
the BU leads and triggers the project team of the world-wide settled BU, see figure 2.
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Figure 2: Possible project organisation (own illustration).

The task of the service project managers is to ensure a consistently, open, quick and efficient
communication and documentation and to respect and to adjust to the cultural differences. Win for
customer — one face to the manufacturer or supplier, short reaction-times, same culture and
language. Win for manufacturer/supplier — clear defined tasks and structures, everybody is aware of
what to do. Comparison with literature: Each of the three sources confirms the general structure of a
matrix organisation and Hab/Wagner even includes the customer and the supplier. The two-stage
logic of an organisation is not listed (Felkai/Biederwieden 2013, page 11-17 and 97-101; Hab/Wagner
2013, page 36-40; Jakoby 2013, page 92-101).

3.2 Design your projects transparently

A complete transparency is the basic requirement for successful projects. However, service contracts
have meanwhile a lot of pages and contents about supply chain items, financial issues, provided
components, required tests and documentation, liquidated damages etc.. Most of the contents have
to be understood and transferred immediately to the internal and external interfaces. As well, it is
important to have the same understanding between the different parties about the real scope of
supply and the delivery conditions. This sounds obvious, but is not always completely clear in all
projects. In case of a very challenging time schedule scenario with a large scope of supply with
different delivery batches and not matching Enterprise-Resource-Planning-Systems (ERP-Systems)
sometimes it could get difficult to keep the overview. The task of the service project manager is to
demand a detailed take-over-report before operational control is taken over from the sales function
and as well from other departments, for example the commercial colleague has to be asked to
summarize the most important points of the contract in a few pages. Always when complete
transparency is not present in the project, no matter what the process or activity is, the necessary
transparency has to be designed by the project manager and the project team as quickly as possible
before further steps are undertaken. This way there could be a simple logical analysis, overview or
sequencing on a sheet of paper or the design of a simple tool in any program. Win for customer and
win for manufacturer/supplier — status is always available, problems or open points are visible and
therefore decisions or changes of direction can be made in time. Comparison with literature:
Hab/Wagner demand a project take-over including a detailed documentation/checklist and Jakoby
describes a project order protocol The high number of listed templates underlines the need for
transparency and deviations from the project plan/targets have to be recognized in time and
followed by matching measures (Hab/Wagner 2013, page 70-71; Jakoby 2013, page 75-81 and 249).

3.3 Save and offer enough flexibility

At the beginning of a project exists, of course always, a clear plan by the operator about when the
service performances, as for example the delivery of parts or the performance of overhauls or
retrofits, have to take place. This requires along the supply chain of “customer - system supplier -
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supplier” that the operators get in the trains at the right time, the staff from all parties is available
and all the suppliers keep their agreements. Since this is a very challenging task, sometimes the one
or the other party can’t keep their given agreements. One example: The original plan was to overhaul
8 units per week. The trains arrive in time but the system supplier fails to keep the agreed time
schedule due to quality problems. Importantly the overhaul program has to be finished within the
originally defined time frame otherwise some trains would lose their license. After 3 months with a
frequency of only 4 per week instead of the originally planned 8 the frequency for the remaining time
frame has to be 12 per week. The task of the service project manager is to manage and enable the
needed flexibility together with the line organisation and to keep the loss for all the other parties at a
minimum. To ensure a very close communication between the different project managers and within
the project team, to update the sequencing in the ERP-systems immediately, to find solutions with
the internal and external suppliers, to speed up the processes by individual management and to
prepare and fight for a “safety net” within the organisation and the project is necessary. Win for
customer — incidents in the own supply chain or additional demands can be compensated by the
supplier. Win for manufacturer/supplier — organisation is prepared for and not surprised, contracts
with sub-suppliers could be arranged in a flexible way. Comparison with literature: Measures in case
of schedule variances could be overtime, additional resources or shortening of subsequent process
steps (Felkai/Biederwieden 2013, page 281). The creation of buffer time is necessary to compensate
later in the project small variances to avoid a postponement of relevant milestones (Jakoby 2013,
page 182). It is important to think about possible solutions and scenarios before the project starts
and not when the problem occurs or has occurred.

3.4 Ensure and offer short delivery times and meet it

The delivery time for overhauls, retrofits or repairs determines for example the number of exchange
mass/units and the overall time period of a program. Both issues are connected to costs. It is very
important to meet the agreed delivery dates which can have, in case of delays, big influences to the
complete supply chain. The task of the service project manager is to support the line organisation in
meeting the agreed delivery dates by controlling and pushing the necessary decision demands in
time and working out together, if necessary, a detailed procedure which allows a transparent and
regular controlling. In general the line organisation should have the ability to do this by itself but in
projects this could be different due to another complexity level. Win for customer — delivery in time,
no downtimes in the workshops. Win for manufacturer/supplier — no liquidated damages, no
confusion or exhausting speed-up programs.

3.5 Take special care for the ooc-parts — Availability and inventory management

At the beginning of a project it is not easy to forecast how many “not wear parts” are damaged or
out of order. A test overhaul should be performed at one or two products to get a clearer picture and
as well experience values from similar projects should be used. Clearly the real use of ooc-parts
during the project has to be monitored in a very detailed manner to ensure that enough parts are
available but not too much in order to keep the inventory on a low level. The task of the service
project manager is to update in regular time intervals together with the supply chain manager the
real use of ooc-parts and the consequences of decreasing or increasing the orders in the ERP-systems
against the suppliers in reasonable batch sizes. Especially for “all-inclusive-models” the project
success is depending on a good ooc-parts management. Win for customer and win for
manufacturer/supplier — no production stops, low inventories at the end of the project, low
prices/costs. Comparison with literature: One of the future challenges of the rail industry is to reduce
the processing times and the risk of missing parts in the production (Dybe/Kujath 2000, page 57 ff.).

3.6 Offer product upgrades and improvement of LCC (Life-Cycle-Costs)/RAMS (Reliability-
Availability-Maintainability-Safety)

The target or order of the operators and the suppliers could be to improve the LCC and RAMS of an
already delivered product during the first or second overhaul or to overhaul a foreign product. In
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these described two cases a development work and project as in the new business is applied. The
task of the service project manager is, depending on the level or necessity of development work, to
update or to re-develop together with the line organisation a bill of material, to perform finite-
element-analysis-calculations (FEA-calculations), to produce prototypes and to do type testing, to
choose new suppliers and to define, if necessary, new production scenarios. Win for customer —
lower service and operating costs, professional execution. Comparison with literature: Respect the
LCC from the beginning of the project and develop together with the operators customised
maintenance solutions (Bombardier 2015).

3.7 Use KPIs

Several KPIs have to be defined to ensure to have at the end of the projects satisfying results. The KPI
values have to be released by the project owner at the beginning of the project and to be controlled
in regular steps by the project team during the project. According to the magic triangle (Jakoby 2013,
page 74) KPIs for “delivery reliability” (time), “operating profit” (costs), “inventory” (costs) and
“quality” (quality) are sufficient. Additionally the KPI “customer satisfaction” has to be considered. In
case of the ERP-system is working anonymously (parts are not assigned to projects), the main
challenge is to get the relevant values out for the project. Only the project manager together with
the supply-chain-manager and perhaps the project management support can filter out the project
relevant values from the overall data. The task of the service project manager is to update the
current KPIs together with the controller, quality responsible, supply-chain-manager and the project
management support, to compare with the targets, to define the right measures in case of deviations
and to report regularly in the steering committee. Win for customer and win for
manufacturer/supplier — full transparency, view on history of KPIs designs trust, easy to determine if
the project is within the targets or not, decisions or changes of direction can be made in time,
involvement top-management. Comparison with literature: Each of the three sources explains the
magic triangle and describes different procedures for the controlling process (Felkai/Biederwieden
2013, page 54 and 279-281; Hab/Wagner 2013, page 10 and 144-145; Jakoby 2013, page 247-248).

4. EXAMPLES — ONE SERVICE PROJECT IN THE UNITED KINGDOM AND ONE IN IRELAND
The following two examples for service projects shall substantiate the explanations from 2.1 to 2.7
and complete the material presented.

4.1 A service project for final drives in the United Kingdom
Short description — Main overhaul for 800 final drives, see figure 3, frequency 8 per week, budget for
remaining ooc-parts limited, liquidated damages agreed in case of delays.

Figure 3: One example for a final drive, as picture and sectional view.
Source www.voith.com

The project organisation looked as follows, see figure 4. The dashed lines show the direct
cooperation of the different functions within the sub-project-teams in the region and the BU.
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Figure 4: Project organisation, * Overall PM (Region) and PM (Region)
should be the same person (own illustration).

At the beginning of the project the different ERP-Systems between the region and the business unit
did not match in all points and therefore it was not 100% clear if the customer demands can be
fulfilled and if not what is the critical path. Therefore a supporting tool on MS-Excel basis was
designed by the project management with the columns “project demands”, “confirmed orders” and
“analysis -> in line or acceleration necessary”. After the first third of the project the process run
stable in the ERP-systems and the use of the described supporting tool was not any longer necessary.
A regular weekly meeting with the colleagues from sales, supply chain management and both project
managers helped additionally to get the project run. The meeting was moderated by the project
manager in the BU. The KPIs “delivery reliability, operating profit, quality and inventory” were
recorded over more than three years by the project management, see figure 5. In case of deviations
measures were prepared to come back in line and in some cases the project manager had to escalate
to the steering committee.

10 N A oo NA--—-----=- B
80
= Delivery reliability in %
60 —— Profit in % —_—
Quality in %
40 1 Inventory in sets
r—
0 o =TT oo -==
[0 o o o o e e e L A o e e o o o e e e e

1 3 5 7 9 11 13 15 17 19 21 23

Figure 5: Key Performance Indicators (targets are dashed illustrated in the corresponding colour,
x-axis = calendar weeks, y-axis = percentage, data are alienated and adjusted, own illustration).

For one ooc-part was a use expected of 15% but the reality showed a value of 65%. This ooc-part use
difference was not foreseeable the beginning of the project, it was a substantial challenge to develop
the supplier to deliver the fourfold quantity within the same time frame. As a lesson learned the
starting quantity should be not only factor 2 or 3 of the monthly needed quantity but even 5 or 6.
The real use of ooc-parts was monitored monthly by the project management support and the
project manager. According to the result the quantities on order were consequently decreased or
increased. The specification of the operator was very extensive and required to be checked and
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commented by the responsible engineer and the project manager. The design was improved for an
oil pan — instead of a welded design a bended and screwed one. Different tests ensured the function
of the new component. This development step was controlled by a separated time schedule and
milestone plan, driven by the project manager.

4.2 A service project for front ends in Ireland

Short description — Retrofit of front ends with a more repair-friendly concept for 62 trains, see figure
6, delivery frequency 5 per two weeks, original front ends have been produced by the OEM but not
by the service supplier. A new repair-friendly front end of aluminium was developed including a
supporting frame to fix on the front ends. The proven interfaces as service door and key were kept.
The complete design is a new one and was FEA-calculated by the service supplier. The load
parameters were developed between the operator and the supplier, the results afterwards discussed
between the operator, the supplier and an independent company. Assembly tests with detailed
prototypes at 3 trains were done in advance to ensure that no problems will occur during the series
retrofit. Templates were used to find in a quick manner the relevant coordinates in the space. The
project organisation was the same as in the first example, as well the communication structure and
the controlling of the KPIs.

Figure 6: Two examples for a front end/nose — TALGO and ICx.
Source www.voith.com.

5. CONCLUSION AND PERSPECTIVE

The contents of the available various project management literature are similar due to the literature
relies to the same or similar standards worldwide. However there are differences in the quality of the
content. The results of the analysed literature and the positive feedbacks of the two successful
performed projects confirm the observations and hypotheses in section 3. It is important to adopt
the general project management standards for business (targets, operation, structure, tools etc.).
Additionally it should be noted: To reach the targets and especially the customer demands/wins the
described challenges and tasks have to be mastered in the rail supplier industry, an overall
consideration is necessary and one person should have overall project authority. This person should
know how the organisation is working, from the receipt of the order up to the end of the warranty
period. Otherwise the service project managers have limited potential to steer the projects in the
right direction. The project manager is for its project, the Chief Executive Officer (CEO) on time
(Jakoby 2013, page 95). The tasks of a service project manager are meanwhile very similar to the
tasks of a new business project manager. Respectively these service project managers have to get
the appropriate training and education by their companies. Service projects have to be planned in
detail and in advance. Therefore the service project manager should be already involved in the kick-
off meeting of the new business project. A very important factor is the availability of corresponding
IT-tools which avoid an exhausting definition or filtering of project data and allows the project
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manager to manage more projects on the same high level. If it is too exhausting to filter out the data
from the ERP-systems the danger exists that this is not done effectively.
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SOCIAL MEDIA ANALYTICS — MEASUREMENT OF SOCIAL MEDIA EFFECTIVENESS BASED ON THE
EXAMPLE OF ‘FACEBOOK KPIs’

Verena Metzger, David K Harrison, Bruce M. Wood & O. Gukhool

ABSTRACT

Today’s business environment requires not only traditional marketing activities. Furthermore,
companies are more enforced to implement social media activities in their business strategy in order
to stay competitive and gain valuable insights of their customers. Within today’s business
environment, social media is seen as an efficient service that has to be used in order to get insights
on customer needs and changing requirements and therefore be able to quickly react on them. Social
media contains several channels that companies can use to get in contact with their customers easily
but all social media channels that a company uses have to be monitored and measured in order to
evaluate their effectiveness. Without implementing an effective monitoring and measuring process,
social media activities will fail and will not result in the expected outcomes. This is not only a
theoretical assumption since this is an approach that many companies already follow to avoid
spending money in activities that are not bringing any added value to the company itself. Therefore
the topic of “Social Media Analytics” that is highly discussed in literature also has a huge practical
implication for companies using social media services actively on today’s market place. This paper
provides the service of using a social media monitoring and measurement strategy following a four
step approach that is often used in today’s business practice. In order to get a better understanding
how this process is practically applied in today’s business environment, ‘facebook’ will be used as a
practical service example since this is a common social media channel of which most of the
companies use services already.

Purpose: PhD paper

Design/methodology/approach: Literature Research

Findings: Social Media Analytics are key for social media success. Social Media measurement is a
prerequisite for increasing effectiveness of social media activities.

Originality/value: Enabling Smart Infrastructure

KEYWORDS: Social Media Monitoring, Measurement Tools, Facebook KPIs

1. INTRODUCTION

This study examines and confirms that Social Media Analytics is a topic that is highly important within
today’s business environment. Lots of companies spend a huge amount of money being present in
social media channels in order to start direct communication with their target groups. But without
any monitoring, measuring and analysis, the company does not know if these social media activities
are effective and if the money they invest is used efficiently. This paper is on the one side analysing
exiting social media literature, based on a detailed literature research methodology in order to
evaluate specific social media analytics strategies theoretically but on the other side evaluates and
explains a social media analytics strategy that is already practically realized by many companies
today. The authors of this paper will first define what can be understood of social media
‘monitoring’, ‘measurement’ as well as briefly explain what is meant by KPIs in order to build up a
common understanding. Afterwards the authors will explain in detail a common social media
measurement strategy following all phases that will be applied to a concrete example using the
‘facebook’ channel effectiveness measurement. At the end of the paper, the authors give a short
outlook on different measurement tools that can be applied for measuring ‘facebook’ effectiveness.
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2. DEFINITION OF SOCIAL MEDIA MONITORING, MEASUREMENT, ANALYTICS & KEY PERFORMANCE
INDICATORS (KPIs)

2.1 Social Media Monitoring

Social media monitoring is the constant observation of content on specific social media platforms
based on specific search criteria or topics (Heltsche, 2012). The result of this observation is a
collection of finding spots compared with a short summary of the published content. Within the
social media monitoring two different approaches can be defined: Open source screening or a search
in which a pre-defined set of sources have been defined (Heltsche, 2012). Social media monitoring is
also called ‘listening to different social media channels with purpose’ and should not be confused
with the term measurement since monitoring does not contain any evaluation or measurement of
data. Therefore social media monitoring only qualifies data but does not quantify it. (Lovett, 2011a)

2.2 Social Media Measurement

Oliver Blanchard (2011a) defines ‘Social Media Measurement’ as ‘the systematic assignment of an
empirical value [...] to data’. These measurements are created to focus on ‘assigning values and hard
numbers to any point of interest to the social media program’. The overall social media measurement
is based on specific social media metrics that can be divided into four different categories (Lovett,
2011b):

1. Foundational measures: Metrics that are valid across channels and measure all kinds of
social media activities within a company. Examples: interaction, engagement, impacts,
advocates and influences (Lovett, 2011b).

2