CRANFIELD UNIVERSITY

ROMANA HUSSAIN

SYSTEM-IN-USE METHODOLOGY:
A METHODOLOGY TO GENERATE CONCEPTUAL PSS (PRODUCT-SERVICE
SYSTEMS) AND CONVENTIONAL DESIGNS USING SYSTEM-IN-USE DATA

SCHOOL OF ENGINEERING

PhD THESIS
Academic Year: 2009-2013

Supervisors: Dr Helen Lockett, Dr Jennifer Kingston, Dr Jeffrey Alcock
March 2013






CRANFIELD UNIVERSITY

SCHOOL OF ENGINEERING

PhD THESIS

Academic Year 2009 - 2013

ROMANA SALMAH HUSSAIN

SYSTEM-IN-USE METHODOLOGY:
A METHODOLOGY TO GENERATE CONCEPTUAL PSS (PRODUCT-SERVICE
SYSTEMS) AND CONVENTIONAL DESIGNS USING SYSTEM-IN-USE DATA

Supervisor: Dr Helen Lockett, Dr Jennifer Kingston, Dr Jeffrey Alcock

March 2013

This thesis is submitted in partial fulfilment of the requirements for the
degree of Doctor of Philosophy

© Cranfield University 2012. All rights reserved. No part of this publication may be reproduced
without the written permission of the copyright owner.



ABSTRACT

Industries want to add value to their offerings but to do this, rather than just accepting
customer requirements, they now need to know how their products and/or services have been
embedded within their customer’s process to achieve a goal that the customer has; any gaps

within the process then present an opportunity for the provider to fill these gaps.

The System-In-Use (SIU) Methodology presented in this thesis facilitates customer issues in
“pulling” the supply chain into creating new solutions as well as the supply chain “pushing”
new value propositions into improving customer processes. It does this by drawing on a

detailed theory of value and capability which was developed as part of this research.

The method has been applied in five industries in processes encompassing high value-assets
with very positive outcomes for each of the stakeholders involved: notably, three solutions

have been adopted in industry for which a KT-Box award was granted by Cambridge University.

State of the art techniques have been devised for this method which should be fairly easily
comprehensible to stakeholders across geographies. These methodologies systematically
unpack the problem and solution space so that innovative solutions can be generated
throughout the value chain; some of these are more conventional solutions, against which any
generated Product-Service System solution can be evaluated. A set of Design Options
generates solutions by considering changes to:

o The local or wider environment (examples are protecting the resources from negative
effects from variables in the environment or petitioning local government for changes
to roads)

o Decomposed parts of the of the offending resource (the resource that contributed
most to the overall value loss) by considering addition, substitution, elimination or
customisation of each part to generate solutions which can be instituted at different
tiers in the value chain and, thus, improve Supply Chain Management.

o The overall business process

o The receiver or the market segment to ones where there would be no value gaps

The SIU Method can be applied quantitatively as well as qualitatively that allows for a speedy,

general understanding and generation of solutions which also protects proprietary data.

Keywords: PSS Conceptual Design, Closed Loop Design, Business Model Innovation
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Chapter 1: Introduction

1 Introduction

1.1 An Overview of the Subject Area

Globalisation and low cost economies now enable capital intensive and high-tech
assets to be developed and purchased more cheaply. The established industrialised
economies now question how they can contend with such staunch competition,
particularly during such harsh economic times which some herald to be the start of a
global shift which could, if not managed sufficiently, result in the longstanding
industrialised nations losing any sort of competitive advantage.

What is required to foster new competitive advantage is a way to establish,
quite finely, what it is that the customer is trying to achieve overall and to help those
customers achieve that aim; rather than focussing solely upon the creation of
products, manufacturers should now seek to add value by helping the customer to
meet their overall objectives. Product-Service Systems (PSS) are one way that the
provider can do this as, rather just provide products, the manufacturer provides
products bundled with services which should more deeply satisfy customer needs.

To do this, attention has to be paid to how the customer engages with products
and services within their use-contexts; that is, the specific resources, competences and
environment that the customer has at their disposal to effect solutions to meet their
needs. Furthermore, an understanding of the sacrifices that customers endure in
realising a goal and how the provider could accommodate this burden in order for the
customer to focus more time, energy and resources in building their core competences
so as to achieve their goals more quickly and exactly also need to be considered and
catered for. Besides satisfying customer’s needs, this should also benefit the provider
by engaging in long term, locked-in relationships and hence steady income streams.
However, the mind of engineering designers tend to be product-centric and often
misses the point that the customer is not in need of a product but is, in fact, in need of
fulfilling a task which is unique to them and specific to their contextual demands and

constraints as well as being unique to their business objectives.
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It will be shown that there is a literature and industry gap regarding how customer
needs as well as how customers use products within their use-context could be used to
inform PSS Conceptual Design. This thesis will develop theory and then, based on this

theory, construct a method to address those gaps.

The main groups benefiting from this research are manufacturers who wish to
servitize, manufacturers who wish to improve their offerings and customers who wish

their goals to be met more exactly.

1.2 Research Context and Scope

The context of this research is the utilisation of data from a system using a product or
PSS in-use as well as the customer’s aim in using that offering to generate solutions
(these can be modifications to the existing system or entirely new solutions) - some of
which may encompass new PSS Conceptual Designs in order to satisfy the customer’s
aim more closely. The scope and focus of this study is wide and covers capital intensive
and technical PSS such as laser-cutting machines, buildings, aero engines and high-tech
trucks. This research develops a method to generate initial PSS Conceptual designs

using system-in-use data.

1.3 The Project Aim and Objective

This research is part of the wider multi-disciplinary, ESPRC/IMRC funded PSS
Conceptual Design project. This project was formulated to develop novel contributions
in the areas of a PSS conceptual design framework, PSS offering representation, PSS
service network capability modelling and informing design with product-in-use
knowledge.

The design of a Product-Service System (PSS) offering is a co-production
process between the provider of the PSS, the suppliers (the service network) to that
PSS and the customer who uses the PSS. Industrial PSS involves complex business to
business relationships within a service network and has to consider capability to

deliver that service over a long timeframe and across geographies. The conceptual
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design of technical or industrial PSS offerings is significantly more challenging than
product design. Currently, conceptual design in practice is ad-hoc and lacks a
systematic approach in considering the service network and customer capabilities and
issues in the design process; service is often added after the product is designed, there
is a lack of communication between after-sales and design teams and the designers’
mind-set is still very product centric. The research has also identified a current lack of
knowledge to trade-off between the physical (product) and non-physical (service)
functionalities to create required customer value or reduce cost and opportunities for
resource optimisation during the technical PSS design process. The aim of the research
is to develop a formal methodology to the conceptual design of industrial PSS offerings
considering the existing and potential service network capability and past knowledge
from the use of similar provisions. The research was to answer “how could we better
design technical PSS solutions that can be used over a long term period across various
distant locations?” The main objectives of the research were:
1. To develop a framework that will support the design of technical PSS
2. To explore and improve the role that service networks play in the design of PSS
and then the support of PSS delivery so that their capability can be considered
more fully at the design phase
3. To establish how the customer’s knowledge of using PSS can be captured and
fed back into future designs of PSS.
This research load was divided into three sections (Figure 1.1) and then allocated to

three researchers:

1. Mehmet Cakkol (this researcher’s aim was to develop understanding as to how the

Service Network can contribute to PSS Conceptual Design),

2. Dr Gokula Annamalai Vasantha (this researcher’s aim was the design of a

framework for PSS Conceptual Design)

3. The author of this thesis, Romana Hussain. The aim here was to develop a

framework to inform PSS Conceptual Design with data from a product-in-use.
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Customer Service Network

PSS-in-use Roles,

issues, Capability
Knowledge measurement,
Expectations Expectations

PSS conceptual design framew

Co-creation, Language, Computer based
representation, prototype tool

Figure 1.1: The Research areas in the PSS Conceptual Design Project

1.4 The Collaborators

For reasons of confidentiality, the collaborators have been anonymised. They are listed below:

1. A firm of HVAC (Heating, Ventilation and Air Conditioning Systems) systems

consultants which are based in Kingston, Milton Keynes. This company can be
regarded as a servitization enabler - they can help to support building product-
service systems (such as hospitals, apartment complexes and office blocks which
are leased or rented out). They can support these high value, technical product-
service systems by establishing a pleasant climate in the building for tenants or
lease-holders and by reducing the energy bills of the HVAC systems: this would
make the occupation of the building more comfortable and affordable for its
tenants. A core service that the company offers is the rationalisation of HVAC
systems so that large energy savings can be made on existing heating and
ventilation systems: by using sensors, trouble spots can be identified as can HVAC
systems which may be working in opposition to each other— addressing these
issues can result in huge energy savings. For this service, they offer a functional

result; that is, the creation of a pleasant building (or floor) climate at a much lower
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energy cost. A business model that they offer is one where they will accept a
rolling percentage of the energy savings that they’ve instituted. This business
model represents a “win-win-win” where the building users benefit from a
pleasant climate, managers are able to cater for users but at lower costs, the
company receives a percentage of the savings and (because less energy is being
used) there is also a reduction in carbon emission.

2. A British multinational defence, security and aerospace company which has its
headquarters in London. It has operations worldwide and is amongst the world's
largest defence contractors. In 2008, 95% of the company’s total sales were
military related and the company plays important roles in military aircraft
production. The company also manufactures many Land Vehicles and Armaments
and it also has naval projects of submarines and surface ships.

3. A multinational aerospace and transportation company which provides Infomated
trains and that became involved in British Rail's Research and Development
facilities after privatisation.

4. A company which specialises in the development of Infomated modular, low
carbon fuel cell systems for their blue chip partners and their global mass markets.
It has over 300 staff and operates globally with offices in the USA, Europe and Asia.
This company delivers efficient and clean energy technology for the global
consumer electronics, automotive and stationary power markets. It manufacturers
products from compact energy packs for mobile devices to power-trains for zero-
emission vehicles and stationary power units for the always-on infrastructure.

5. One of the world's largest suppliers of machine tools and a world market and
technology leader in the area of industrial lasers. It has 56 operating subsidiaries,
across Europe, America and in Asia. Their product range includes laser marking
systems, laser systems for cutting and welding two-dimensional and three-
dimensional parts and carbon dioxide laser and lamp-and diode-pumped solid-
state lasers. Theses lasers are in the automotive industry, medical technology,

sheet metal fabrication and electronics and photovoltaic industries.
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A leading, global supplier of precision photonic components and subsystems to
OEM'’s in the Medical, Industrial, Scientific and Microelectronics markets. Their
solutions include laser sources, scanning and beam delivery products and precision
motion control products. They collaborate with OEM customers to adapt their
component and subsystem technologies to deliver highly differentiated
performances in a wide range of applications. This company manufactures high
performance lasers which are used in science and industry and drive a wide variety
of industrial applications from semiconductor manufacturing to complex marking
and precision drilling.

A global technology and innovation company which has its headquarters in the
USA. It has around half a million employees and has clients in 170 countries and is
the largest technology and consulting employer in the world. This company offers a
wide range of technology and consulting services from a broad portfolio of
middleware for collaboration, predictive analytics, software development and
systems management as well as and advanced servers and supercomputers.

This company is a laser cutting and welding job shop as well as a laser system and
process consultancy. It started trading in 1984 and currently employs 45 staff.

This company has been one of the leading laser cutting, water jet cutting and laser
welding job shops in the South of England since 1987. This company specialises in
laser cutting and water jet cutting materials such as stainless steel, mild steel,
aluminium, titanium, brass, acrylic, wood, ply and MDF.

This company provides laser profiling, scanning and CAD services. SSC's core facility
is laser cutting mild and stainless steel, brass and aluminium. Their laser cutting
machines can handle sheet materials up to 3,000mm long, 1,500mm wide and
25mm thick.

Dr Fuad Sufian is an Associate Professor at Sana’a University in Yemen in civil
engineering and architecture. He is also a consultant civil engineer and a freelance
property developer.

An authorised distributor for a programmable and fully interactive virtual reality

driving simulator.
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13. This is a company which produces high-technology and capital-intensive industrial
trucks - these are offered as a use-oriented PSS. The trucks are equipped with
sensors that monitor how the trucks are being driven; harsh braking, for example,
can (with time) damage the asset and lead to a higher maintenance burden. To
reduce poor driving that has been detected, the company directs drivers that have
committed driving faults to be re-trained.

14. A leading Transport Management Solutions provider specialising in Vehicle
Tracking and Telematics, Transport Management and Planning and Proof of
Delivery systems. This company employs about 160 staff with skills in software and
hardware development, logistics consultancy and business analysis, project
management, implementation, training and support. This company’s customers are
global and their systems are deployed across hundreds of fleets comprising of tens
of thousands of heavy and light commercial vehicles.

15. This company is a first tier supplier to the global aviation industry. It is a leading
manufacturer of highly complex composite, metallic aero structures and engine
products. Its customers are from the military and civil markets. They employ
approximately 12,000 people in more than 35 facilities across 4 continents.

16. This company designs, engineers and manufactures components and sub-
assemblies for aircraft engine turbines. It supplies all of the major aero engine
manufacturers and has positions on most major civil aerospace platforms.

17. This retail outlet stocks a wide range of electrical appliances, particularly those for
kitchens.

18. This is an electrical retailer in the United Kingdom and Ireland. It specialises in

selling household appliances. It has 295 superstores and 73 high street stores.

1.5 Thesis Structure and Summary

This Section presents the structure of this thesis and the succession of activities

leading to the achievement of the research aim.
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Chapter 1 gave an overview of the research context and the incentive for this study. It
described the PSS Conceptual Design project and its objectives. The main aim of this
research was also presented which is to develop a framework to utilise data from a
product-in-use or PSS-in-use to inform PSS Conceptual Design. The thesis structure is

also in this Chapter.

Chapter 2 is explores and analyses literature which is relevant to this research and
identifies the research gaps. This helps to define the objectives which will eventually

fulfil the overall research aim.

Chapter 3 presents the aim and objectives of this study. The research methodology is
also presented which was developed after a thorough analysis of the available
approaches and strategies. The nature of the objectives and the available resources to
this study were the constraining factors of the selection of an approach and the

strategy for this research.

Chapter 4 presents a basic framework to utilise data from a product or PSS in use to
inform PSS Conceptual Design. This is based on a three-year, qualitative study across
many industries that develop capital intensive, technical and infomated PSS. It also

presents the industry gap. The member checking of the study is also presented here.

Chapter 5 presents how the basic framework was refined into a method that is
industry specific. This refinement was achieved by conducting an in-depth study of a
firm that utilises system-in-use data to inform low-cost PSS Conceptual Design. The
refined method is then triangulated with the literature and then ontology for capability

is developed to further refine the method.

Chapter 6 presents how the framework was further refined, extended and genericised
into the System-in-Use Methodology; this was accomplished by triangulation with the
literature. The decision to create a Workbook for user support of the Methodology is

also presented.
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Chapter 7 presents the validations of the developed System-in-Use Methodology.
Various types of application of the Methodology to an array of industries and purposes

are presented.

The Final Chapter, Chapter 8, discusses the research findings with regards to their
applicability and generalizability. The main research contributions are stated, along
with the limitations, the future research directions and the overall conclusions

demonstrating how the objectives and the aim have been met.
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2 Literature Review

2.1 Introduction

In Chapter 1, the research area and the aim of this study was presented. This Chapter

reviews the literature associated with the context and research areas related to this

study to uncover any research gaps and thus develop a better understanding of the

area under investigation. The areas of the literature review include:

e The PSS Concept, Product-Service Systems and the Service Paradox which are
discussed in Section 2.2

e The types and classifications of PSS which are discussed in Section 2.3

e PSS Conceptual Design which is discussed in Section 2.4

e Views of Products and Services which are outlined in Section 2.5

e The Nature of Product-Service Systems is discussed in Section 2.6

e How System-in-Use data could be used to influence PSS Conceptual Design which is
outlined in Section 2.7

e An overview of PSS Design Methodologies which is given in Section 2.8

e The requirements of a framework to inform PSS Conceptual Design with Product-

in-Use Data which is summarised in Section 2.9

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 10



Chapter 2: Literature Review

2.2 The PSS Concept

PSS originated in Scandinavia in the late 1990s and can be described as a marketable
set of products and services which jointly can fulfill a user’s needs. The product to
service ratio can vary, either in terms of function fulfillment or economic value (Mont,
2002). Baines et al. (2007) conducted an extensive state-of-the-art literature review on
PSS and the following definitions reference this work. Additionally, PSS tries to reach
the goals of sustainable development’. ELIMA (2005) has described PSS as a system of
products, services, supporting networks and infrastructure that is designed to be
competitive, satisfy customer needs and have a lower environmental impact than
traditional business models. Due to the type of products studied, this research is to do
with industrial PSS (IPSZ) (Roy and Cheruvu, 2009) which have the following
characteristics:

e Consists of a physical product core (such as a laser system) which is enhanced and
customized by a mainly non-physical service shell (such as training, maintenance
and disposal)

e Is capital intensive and with a significant physical PSS core,

e Focuses on industrial applications (Aurich et. al., 2006a).

Servitization, of which PSS is a particular form (Baines, 2007), is the transition of
manufacturers from offering solely products to offering product-service concepts to
gain competitive advantage (Matthyssens and Vandenbempt, 2008). The concept of
Servitization was introduced by Vandermerwe and Rada in the late 1980s (Neely,
2008). Governments now tend to contract for capability rather than buying products

(Ministry of Defense, 2005).

The Service paradox: It has been stated that servitized organisations are mostly less
profitable than purely manufacturing ones because the average labour costs are
higher, the investment made to servitize and the net assets of the servitized firms
(Neely, 2008). Gebauer et al. (2005) surveyed over thirty manufacturers to explore
why investments in servitization rarely pay back which is a paradox. This appears to be

due to the organisation’s lack of familiarity with service delivery and the reluctance of
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customers to share knowledge of their processes and the performance of products.
For these reasons, managers of manufacturing organisations are often unwilling to
servitize as investments in production are regarded as less of a risk than those in
services. However, this could be overcome by raising service awareness, understanding
the risks involved in developing services and understanding the economic potential of

services (Gebauer et al., 2005).

2.3 Types and Classifications of PSS

The types of PSS are outlined by Tukker (2004):
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Figure 2.1: PSS Categories (Tukker and Tischer, 2004)

Figure 2.1 shows how PSS can be divided into three main PSS categories (product-
orientated, use-orientated and result-orientated) and eight basic subcategories
(Tukker and Tischner, 2006; Baines et al. 2007) which are discussed below:
e Product-oriented PSS
This is the traditional sale of a product but embracing additional services. Here, the
customer has ownership of the product. Two types of product-oriented PSS have
been identified as:
o Product-related service: The provider not only offers a product and also
provides services related to that product such as warranty, maintenance,

monitoring, consumables’ management, repair, upgrades and/or recycling.
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o Advice and consultancy: Examples of such advice can be that the customer

receives advice with regards to the most suitable product for that

customer, advice on efficient product use and/or obtains staff training.

e Use-oriented PSS

This is sale of the use or availability of a product. Here, the provider holds the

property rights of the product and is responsible for its condition. Three types of

use-oriented services have been identified:

O

o

Product lease: The lessee pays for the use of the product and has an
exclusive access to it. Although the total that the customer will pay is
usually more than if the customer had bought the product, there is no
lump-sum to pay at the start of using the product and also no expenses
regarding maintaining or replacing the product. A risk for the provider can
be that the misuse of the product by the customer can lead to increased
maintenance costs or even product replacement.

Product renting or sharing: Although this is similar to leasing, the customer
does not have sole access to the product and purchases its use for a period
of time.

Product pooling: This is similar to renting and sharing although the

customers here can use this product virtually on-demand.

e Result-oriented PSS

This is the sale of the result or capability of a product. Two types of result-oriented

PSS have been identified:

o

Activity management/outsourcing: An organization outsources an activity
to a third party company.

Pay per service unit: The customer pays for either the time a product is used
or for each service unit provided by that product. This mean less risk for the

customer as they only pay for when the product works as intended.

The impetus behind the PSS concept is the development of sustainable production and

consumption as well as increased competitiveness by meeting customer’s needs and
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increasing revenue for providers. Besides manufacturing and service companies, the

concept may also be beneficial for consumers and the environment (Mont, 2002):

e Manufacturing companies: PSS can improve relationships with customers due to
increased interaction and information gathering regarding customer preferences.
Furthermore, PSS can enable companies to provide a customized service to their
customers. This can help to open new markets and increase profit margins (Aurich
et al., 2006a).

e Service companies: PSS can help to diversify services whilst maintaining quality
levels and thus help to protect market share.

e (Consumers: Consumers can enjoy a wider variety of services without having the
responsibilities of product ownership.

e For the environment: With PSS, the total amount of products produced could be

reduced which would result in less resources being used and less waste.

2.4 PSS Conceptual Design

Maussang et al (2009) referred to the preliminary design phase in PSS as conceptual
design and they stated that here different solutions should be considered and
compared with each other. Kimita et al (2009) assert that the conceptual stage
consists of customer values and features of the offering and Isaksson et al. (2009)
extends this by stating that customer interactions (needs) should come together with
the provider’s competences to develop conceptual solutions. They also state that the
whole conceptual offering should be modelled and simulated (Isaksson et al. 2009).
Within the field of Competitive Design, Sisodia (2007) describes external integrity as
being the meeting of user expectations and actual experience and he defines internal
integrity as being whether a product functions well as a system. These terms would
appear to map to PSS Conceptual design (external integrity) and PSS Design (internal
integrity). At the PSS Conceptual Design level, there could be totally different types of
offering which could satisfy the functional needs of the user. For example, a service
could easily replace a product and this is actually an aim for environmental PSS Design

which is a strategy for dematerialization (Mont, 2002). However, the Design stage
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deals with how the implementation of the selected offering can be designed so that
the offering will perform well.

Ericson et al (2009) state that initiation of product development is hazy as
information is sparse at this stage. They also state that the difficulty from the outset
for the developers is to understand what they should design, how it should perform,
for whom and under what circumstances (Ericson et al., 2009). It is here that relevant
marketing research data is required as it should provide insights and direction as to
what certain potential customers value.

Although these definitions are useful, more understanding of the PSS
Conceptual Design Process is required as, in practice, it is ad-hoc and lacks a systematic

approach (Alonso-Rasgado et al, 2006).

2.5 Views of Products and Services

Within the service literature, there has been much debate as to what distinguishes
goods from services. This debate is particularly relevant to PSS as the impetus here is
to find ways to combine goods and services into solutions which will deeply satisfy
customer needs. Moreover, as manufacturing companies can tend to be product-
centric, an understanding of what is significant about services in relation to products
could help to change the mind-set of manufacturers to become more embracing of

services.

The IHIP View: The traditional “textbook™ view on services has tended to revolve
around the IHIP characteristics (Lovelock and Gummesson, 2004) that is, that services
are Intangible, Heterogeneous, Inseparable and Perishable. These characteristics tend
to describe how the form of services differs from that of products rather than what is
significant about products and services. These characteristics are:

* Intangibility - Services lack the tactile quality of goods

e Heterogeneity - Unlike goods, services cannot be standardized

e [Inseparability - Unlike goods, services are simultaneously produced and

consumed.

* Perishability - Services cannot be produced ahead of time and inventoried.
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However, services such as training can be quite well standardised and primed ahead of
time. Furthermore, using the IHIP view it would appear that, as services and products
are so utterly different, a service would never be able to replace a product. Moreover,

this model fails to tell us what is significant about services or, indeed, products.

Service Dominant Logic (S-D Logic): Vargo and Lusch (2004a) defined service as:

“...the application of specialized competences (knowledge and skills)

through deeds, processes, and performances for the benefit of

another entity or the entity itself.”
They also have stated that:

“Goods are a distribution mechanism for service provision.” (Vargo and

Lusch, 2004a)
In the PSS engineering literature, Kato and Shimomura (2008) show agreement with
Vargo and Lusch by stating that (particularly with the growth of technology) services
are delivered by not only humans but also products; this assertion underpins their
method of extended service blueprinting which allows products and services to be
depicted similarly. Such understanding would appear to be consistent with how
customers naturally perceive goods and services: we are used to hearing people in
general use phrases such as, “My car serves its purpose.”, or, “My computer has served
me well.” As far as the customer is concerned, products and services exist to serve
their needs, that is, both products and services offer a service to them and they often
have little interest in how they are created. Furthermore, because these assertions
inform us as to what is common between goods and services, they also explain how
within the Sustainability Model of PSS a service can replace a good:

“..traditional material intensive ways of product utilisation are

replaced by the possibility to fulfil consumers’ needs through the

provision of more dematerialised services.”(Mont, 2002)
For commercially orientated PSS, such understanding of the commonality between
products and services helps us at the start of design during the Conceptual Design
phase as a trade-off can be made between the design of products and services on the

grounds of function fulfilment against economic value (Mont, 2002). Furthermore, if
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goods are a way of providing service, then for manufacturers who want to servitize,
the message of how to do this becomes clearer: rather than add services,
manufacturers should endeavour to extend the level and type of service that they are
already providing through their goods. Here, the core competences which are used to
provide goods could also be used to provide services. This is an important starting
point for a strategy to servitize as manufacturers could avoid stepping outside of their
core competences. To sum up, at the PSS Conceptual Design stage, it is service (the
serving of customer needs - capability) that is the focus rather than the form of how

that service is delivered as this is the concern of product and services engineering.

2.6 The Nature of Product-Service Systems (PSS)

A definition of PSS will be deconstructed to see how this term relates to users and then
how users relate to products will be examined later. A definition of PSS is offered by
Baines et al (2007): ‘A PSS is an integrated product and service offering that delivers
value in use.” Vargo and Lusch (2004a) define the term ‘value in use’ as “...a customer’s
outcome that is served directly through the product/service consumption.’ Tukker and
Tischner (2006) stated that the same product can satisfy different functions for
different customers at different times and that this is central to the development of a
new PSS as product function should be designed to meet the customer’s deeper
(functional) needs: ‘the need behind the need’ (Tukker and Tischner, 2006). Thus,
customer functional needs are fulfilled by value in use and this notion lies at the heart
of Product Service Systems.

Morelli (2006) stated that a PSS is created through a value co-production
process where all of the stakeholders offer suggestions as to the form of a PSS and
how it can meet the needs of the customer. Co-production can help the value
proposition to be more aligned to customer needs (Vargo and Lusch, 2004b). It has
been stated that it is the interactivity between the customer and the provider with
regards to defining the customer’s needs which can lead to solutions which are more
apposite for the customer (Davis and Manrodt, 1996). This is an important idea as

customers integrate products and services into a system to accomplish a goal they
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have — this is a value-creating system (Ng et al, 2012). Value creating systems consist of
value propositions and customer resources which are integrated together within the
customer’s use context (Ng et al, 2012). The components of value creating systems can
be examined further:

e Use context: the environment in which the value creating system is embedded
(Ng, 2012).

e Resources: Value creating system make use of resources and these resources
can be classified as being either operant or operand resources. Operant
resources are resources which act (follow a process) to change other resources
to create benefit — produce an outcome (Vargo and Lusch 2004a); for example,
a firm’s capability to assemble components is an operant resource. Operand
resources are resources which must be acted upon to be beneficial; examples
are natural resources and other generally static matter (Vargo and Lusch
2004a).

Ng et al. (2012) further state that the links suggested by current research between
value-in-use and resources require elaboration on their relationship in order to enable
this value co-creation. This point is extremely pertinent to this research as the whole
point of PSS design is the development of resources so that the customer can
experience value in use.

The notion of value creating systems appears to map to the definition of
capability which is a set of individual business processes that are connected to
customer needs (Stalk et al, 1992) and this, in turn, also appears to map to the
definition of service as offered by Service-Dominant Logic (SD-L) which is defined as
the application of specialized competences (knowledge and skills) through deeds,
processes, and performances for the benefit of another entity or the entity itself
(Vargo and Lusch, 2004a). These definitions are below:

= Value creating systems — these are value propositions and customer resources
which are integrated together within the customer’s use situations (Ng et al,

2012).
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= Capability - Stalk et al. (1992) define capability as a set of individual business
processes that are connected to customer needs and state that a capability is
strategic only when it begins and ends with the customer.

= SD-L Service - service here is defined as the application of specialized
competences (knowledge and skills) through deeds, processes, and
performances for the benefit of another entity or the entity itself (Vargo and

Lusch, 2004a).

= Cocreation: any value creating system is co-created by various stakeholders

(such as providers and customers) as each has proffered their resources to this

system (Vargo & Lusch, 2004a).

Gronroos has stated “Only during consumption, realised value in the form of value-in-
use is created.” (Gronroos, 2008) which is notion also echoed by Vargo and Lusch
(2004a). Thus, for any value proposition to be used, the customer has to have the
means (their own resources which are integrated into their own value creating system
with the value proposition) to do that. Therefore, value in use could be restated as the
customer accomplishing a task (achieving a goal). This occurs through co-creation
(using the resources provided by each of the stakeholders such as the customer and
provider); any given value proposition will only ever be one part of the customer’s
value creating system and it can only ever help to support that value creating system.
The end-user’s system is a value creation system (this is because its output is used
directly in consumption). Although the subsystems within it are systems in their own
right, they can only be described as value supporting systems. This is because they
have to be integrated with the customer’s other resources in the customer’s
environment for value in use to be delivered.

Ajaujo and Spring (2006) point out that although service relationships should
be managed carefully with customers, that this should also be the case for new and
complex products. The arrival of sensor technology means that a level of
responsiveness can now be afforded through a product which was hitherto only ever
seen with services. GrOnroos (2008) states that such responsiveness by the provider

allows for more value in use to be created. Vargo and Lusch (2004b) have stated that it
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is service that is bought even when a tangible product is offered; this now becomes
even more evident with the advent of such Infomated products. Tomiyama et al
(2004) defined a service as a set of activities that delivers service contents through
service channels from service providers to service receivers in a service environment,
and generates values for service receivers; here these authors have the same view that
service (serving needs) can be delivered by products or services.

All organisations are resource integrators as, using their knowledge and skills,
they transmute resources into value propositions; it is through this process that the
resources of one system contribute to the co-creation of value between that and other
systems (Vargo and Lusch, 2004a). This notion is echoed by Ng et al (2012) who assert
that goods and service have a nested relationship and that an understanding of value
creating systems can help to re-evaluate and inform the design of the supply chain (Ng
et al, 2012). Therefore, as a system is composed of subsystems which are systems in
their own right, value creating systems are recursive. This could be depicted as in

Figure 2.2.
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Figure 2.2: The System Recursion Tree
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2.7 How System-in-Use Data could be used to influence PSS

Conceptual Design

System-in-Use Data Compared to Requirements: If, as Ericson et al (2009) state, that
people are often not aware of their needs and that their needs are usually embedded
in their routines and actions, then how they actually interact with the world around
them (including products) could be more indicative of what their underlying needs may
be than anything they might say. For this reason, methods which aim to capture voiced
customer demands in a way that can be useful for engineering such as QFD, (Akao,
1994) if employed this way, can fall short. Furthermore, capturing requirements for
products and services assumes that the process in which they will be used requires no
redesign.
Closing the Design Loop: Information is sparse at the start of design (Ericson, 2009)
and, although there is much design information at the product Beginning of Life (BOL),
it tapers off after this stage. Infomated products allow data to be collected and fed
back to inform design with regards to modes of use, operational data and also how
and when the product is decommissioned (Jun, 2007). Such information can be
collected at the middle of life (MOL) and the end of life (EOL) of products and so
encourages a life-cycle approach as the product (from beginning to end of life) can be
continually evaluated (Ericson, 2009). The possibility for closing this loop so closely is a
relatively recent event which is due to the emergence of new sensor technologies (Jun,
2007). Earlier measures to provide some closing of the design loop was provided by
methods such as prototyping, field data analysis and task analysis although Infomated
products can further facilitate the collection of such data.

A PSS offering is typically a system of products, services, infrastructure and
supporting networks (Mont, 2001). Maussang et al (2009) state that PSS design differs
markedly from conventional product development because with PSS the organisation
of the whole system has to be taken into account. For the PSS offering, a trade off
between the design of products and services can be made here on the grounds of
function fulfilment against economic value (Mont 2002). As the user will integrate the

offering into their systems (Matzen, 2005), the PSS offering should be designed and
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continually adjusted to be as integratable as possible so as to achieve maximum value
in use. Feedback from how a product is meeting the user’s functional needs can
facilitate the creation of service to fill any gaps as they arise or allow for the next
generation of the product to be redesigned to fulfil the user’s needs more closely
(Goh, 2009). Traditional user testing may not always reveal shortfalls between the
product and the user needs as that would depend on exactly how the product
performed after it had been integrated into the user’s systems (Ajaujo, Spring, 2006).
With regards to systems integration of products, Ajaujo and Spring state:

“If it is true that intangibles cannot be assessed and tested in

advance, it is equally true that for many complex products the

process of installation and appropriation into the user's value

system involves a lot more than the product itself.” (Ajaujo, Spring,

2006)
Therefore, the efficacy of the product could only truly be touched upon after the
product had been integrated, attuned and familiarized by users. This has lead Isaksson
et al. (2009) to comment that the development of PSS involves increased involvement
in the customers’ business processes into which the product will be embedded.

Infomated system-in-use data and qualitative data from users and customers could

inform PSS Conceptual Design as to deficiencies in the original value proposition or
deficiencies which have since arisen due to changing user needs. These gaps could
then be designed for by producing services to fill the gaps or by designing the next
generation of product to meet user needs more closely (Yang et al, 2009). Each
generation of the offering could then be considered to be a form of prototype which is
helpful when attempting to extract more comprehensive user needs as prototypes can
help users express their needs in a more structured way (Ericson, 2009). Alternatively,
as there are several theories on how to prepare a common “platform” and
exchangeable modules in a product (Sakao, 2009), a modular design would allow for
the upgrading of a product by switching modules; this way, the selected replacement
module would deliver the required functionality and performance required by

individual customers.
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For capital-intensive, industrial and technical PSS development, the use of past
knowledge is important to reduce the whole life cost. Whist work has been conducted
in the area of informing design with service feature information, there are currently
few references in the PSS literature to utilising feedback from PSS in-use to support
PSS design.

Yang et al (2009) propose a methodology and tools for real realising Product
Service Systems for consumer products. Using this methodology, the collection and
processing of life-cycle data from sensors within a consumer product can result in the
following types of product-related and use-related:

e Remote Diagnostics

e Remote Monitoring

e Rental and Sharing

e Analysis of Use Pattern

e End-of-Life Treatment
However, although such data can indicate the use patterns and the performance of the
product, it cannot indicate why the product was used in that way, the overall goal of
using that product or the resources, abilities and environment that the user has to
have to make use of the product. This is because the impact of the environment and
other resources used with the product to achieve an aim are not monitored. To sum
up, this methodology provides little insight into the ‘needs behind the needs’ and this is
the goal of PSS Design. Furthermore, as methods such as FMEA tend to be applied to
the failure of products and now services (Carlson, 2012), if the customer’s concern is
that of achieving a goal, then it is the failure of that aim that should be the focal point
of design rather than solely any individual resource (that may be one amongst many)
that was merely a means to an end.

Within the PSS literature in general, there has been much reference to using
product-in-use data for design although how to accomplish this appears to be lacking:
=  Mont (2002) highlights the potential benefits that can be achieved by learning from

a PSS in-use but does not propose how the benefits can be achieved.
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e Aurich (2006a) identifies “information procurement” as a key service function of a

PSS which he defines as:

‘..providing the manufacturer with customer information from
product usage such as experiences, expectations or suggestions.’

He proposes a concept for life cycle oriented design of technical PSS but does not

appear to incorporate the information procurement aspects in the concept.
¢ In the wider engineering literature there is a substantial body of research relating

to collecting and analysing product usage data. This literature covers health

monitoring, prognostics and other information collection methods that can be used

to acquire feedback about a product in use (Boller, 2000; Chang, 2006; Hoske,

2006; Wang et al., 2007). However the emphasis is mainly on maintenance and the

avoidance of service interruption rather than closing the loop back to design.
Furthermore, approaches to Service such as Service Dominant Logic, IHIP qualities and
Unified Process Theory lack a framework with the specificity of knowledge, practices,
solutions, general problems and scope that is required by a specialised discipline such
as PSS (Wild, 2010). Likewise, although Value Engineering can be useful for
understanding systems and can deal with the substitution of materials and methods, it
lacks specificity to the concerns of PSS (Sakao et al., 2007); for example, the term
“value” in Value Engineering is defined as function over economic cost whereas within
PSS and Service Engineering (as defined by Sakao and Shimomura), the concern of
value lies with the value-in-use that the customer experiences (Sakao et al, 2007). For
example, any potential function that a product may afford can only be realised if the
receiver has the requisite competences, resources and environment to realise that
function and the value of that product will be determined by the degree it helps to
accomplish that receiver’s goals as compared to other products or services. Therefore,
the use-context (Ng, 2012) has to be taken into account for PSS Conceptual Design.

What is required is an approach which is a problem-solving and has solution

generation strategies that result in integrated PSS Concepts.
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From the designer’s perspective, designing a PSS is a challenge as an extension of his

traditional know-how into new domains is required as the designer has to consider and

synthesise solutions springing from the comparison of different opinions and different

customer needs (Morelli, 2003). As PSS has been defined as an integrated product and

service system (Baines et al., 2007), this would suggest that an integrated development

approach for both products and services is required. In product-service design, there

are three main approaches (Aurich and Fuchs, 2004). These approaches are presented

in Figure 2.3.
STRATEGY PRODUCT SERVICE DESIGN PRODUCTION
o Liability driven == Product
l- Systematic product design LJHF ET manufacturin
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Figure 2.3 : Product-service design strategies (Aurich and Fuchs, 2004)
1. Liability Driven: This approach derives from the traditional view of

manufacturing firms whose core competencies are the development and
production of products. Here, although the product design processes are
extremely structured, any service design process which may exist tends to be
very intuitive and largely liability oriented. Any services which are offered tend
to ensure product function.

Function Driven: This approach has a goal of offering service enhanced
products. The systematic design of products is geared towards the
development of product variants which are each supported by systematically

designed service packages. Here, products and services are not regarded as
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distinct entities but are combined according to customer requirements. This
approach is termed ‘function driven’ as, although the main focus is still the
physical product, its function is accomplished through services. Manufacturing
companies often adopt this approach although their overall aim is an
integrated product and service design process.

Use Driven: This approach aims to offer a customised solution to each
customer. Here, the offering is designed so that services elements are
integrated into the product design process resulting in a ‘use driven’ offering.
Such design specification would cover a description of the physical product
core with its main functions as well as a description of the customer
requirements regarding the product, production processes, operator

qualifications, related logistics and financing options (Aurich et al., 2004).

In practice, product design is usually performed by technical staff and service design is

usually carried out by marketing and distribution personnel (Aurich et al., 2006a).

However, for integrated PSS design, a common understanding of the offering to be

designed and its elements is required. There are many PSS Design Methodologies and

approaches. An overview of several is provided below:

PSS Design (Maussang et al. 2009): assists engineers in jointly developing of
physical products and interacting services to generate more value.

Methodology for Product Service System (MEPSS, 2004): this is a five phase
methodology developed by the European Commission under the 5th
Framework Programme, to enable the European industry to develop PSS. The
MEPSS toolkit was made available via a handbook and on the website

www.mepss.nl.

Service CAD (Tomiyama, 2001; Komoto and Tomiyama, 2009): this is a method
which is used to design business models that increase ecoefficiency from a
systems perspective.

Fast-track Total Care design process (Alonso-Rasgado et al., 2004; Alonso-

Rasgado and Thompson, 2006): This develops innovative offerings which

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 26


http://www.mepss.nl/

Chapter 2: Literature Review

consist of hardware and services integrated to provide a complete functional
performance.

e Integrated product and service design processes (Aurich et al, 2006a; Aurich et
al, 2006b): this utilises the interrelations between physical products and non-
physical services and the development of corresponding design processes.

e Service Model Service Explorer (Sakao and Shimomura, 2007; Shimomura et al.
2008; Kimita et al. 2009): This concentrates on service engineering to design
products which have enhanced services.

e Heterogeneous IPS? concept modelling (Meier and Massberg, 2004; Welp et al.
2008; Sadek and Theiss, 2010): This is a model based approach of diffuse
borders between products and services that generates heterogeneous
Industrial Product-Service Systems conceptual designs.

Welp et al. (2008) have stated that currently there are no integrated approaches that
facilitate PSS designers in generating PSS concepts. Komoto and Tomiyama (2009) have
stated that the theories and methodologies for PSS are insubstantial and lack specifity.
Likewise, a review of PSS Design Methodologies (Annamalai Vasantha et al, 2012)
revealed that the field of PSS design is at an initial stage of development and
substantial research is required to develop a practical PSS design methodology. They
claim that the two major challenges facing PSS today are the development of ontology
and systematic modelling approaches emphasizing co-creation. Furthermore, they
state that the definition of the context needs to be improved, the positioning of
stakeholders and that the monitoring of the use phase along with utilising the
customer’s experiences, desires and interactions are not considered sufficiently in the
proposed methodologies. They also state that several major deficiencies in PSS Design
Methodologies are:

e Detailed requirement lists tend not to be generated which means that added
value, innovation, risks, uncertainties and cost reduction of PSS cannot be
sufficiently modelled. Also, methodologies should accommodate the evolving

of customer requirements.
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e The roles, responsibilities and capabilities of the stakeholders in co-designing

PSS offerings are not clearly defined in the methodologies.

e The significance of co-creation between stakeholders is only touched upon
whereas there is a need to know how to implement it.
e The Integration of products and services is considered detailed steps of how to
achieve this are not mentioned.
e The process to design innovative business models is not often detailed.
e The impact of business models on product and service design is not considered.
e How PSS design processes should differ for different types of PSS are not
discussed.
e The evaluation of PSS offerings requires more research and should be
conducted with a long-term view to consider related risks and uncertainties.
Sakao et al. (2009) have stated that although user involvement methods can facilitate
feedback of information to successfully operationally adapt offerings, this is not
currently reflected in existing PSS-development methodologies.

Furthermore, and quite crucially, the current PSS Design Methodologies tend
not to evaluate PSS-based solutions against other more conventional solutions. The
danger here is that the provider could invest a great deal of time and money into the
development of the PSS then find that, before the PSS is marketed, that the customer
has already solved the issue in a simpler, more conventional way.

Table 2.1 summarises and compares eight state of the art PSS design
methodologies. They are compared by each method’s PSS definition, aim, first step,
PSS variables, PSS design representation technique and how each evaluates PSS
designs. The criteria for selecting these particular methodologies are that they are in
the PSS domain and they are detailed methodologies that have been applied to
industrial cases. The rightmost column of the table lists the changes that would be
required of the methodologies if they were to utilise system-in-use data and compares

these elements against the aforementioned PSS methodologies.
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Table 2.1: A comparison of state-of-the-art PSS desigh methodologies and changes required of them to utilise system-in-use data

Characteristics Komoto and Tomiyama (2008,
of the methods 2009)

Shimomura et al. (2007, 2008,
2009)

Maussang et al. (2009)

Alonso-Rasgado et al. (2004,
2006)

CHANGES REQUIRED TO THE
METHODS TO UTILISE SYSTEM-
IN-USE DATA

PSS definition

Aim

The first step

PSS variables

PSS design
representation
technique

Evaluation of
PSS designs

A set of services in the life cycle of
products, whose characteristics are
customized with respect to the
services

Support the design and analysis of
integration of services with a
product life cycle and the
identification of the characteristics
of products

Define goal(s) and quality as
specified by product users

Stakeholders in a product life cycle
and the activities (e.g. production,
use and services)

Service/product engineering as a
discipline seeking to increase the
value of artefacts by focusing on
service

Focuses on service engineering to
design products with a higher added
value from enhanced services

Define the state change of the
receiver

RSP, sequential chain of agents,
relationships among RSPs, function,
entity and attribute parameters

A graph description based on service Business process markup language,

formulation

Life cycle simulation considering

service blueprint

AHP, Dematel and Petri nets

multi-objectives (e.g. economic and (discrete event simulation)

environmental)

PSS are composed of physical objects Total care products as integrated

and service units that relate to each
other

Assists engineers in the joint
development of physical products
and interacting services to generate
more added value

Customer expectations, needs and
specifications involved in the whole
life cycle

External functional representation,
specifications of the physical
elements

Scenarios and FBD

No evaluation approach proposed

systems comprising of hardware
and support services

Develop innovative offerings
consisting of hardware and
services integrated to provide
complete functional performance

Business ambitions of the client

Customer's business needs,
business solutions, clearer view
of the hardware and/or services

No representation technique is
mentioned

Business case validation and
evaluation of alternatives

To relate PSS to value creating systems.

To increase value in use to the customer
whilst the provider avoids the services
paradox.

Identify the customer’s value-creating
system with which there is an issue and
elicit the ideal scene from the
stakeholder with the issue.

Parameterise the value-creating system
and the elements that it is composed of.

Representation that can depict value-
creating systems and show co-creation
(each stakeholders’ contribution)

A scheme that can be easily used by all

stakeholders which allows:

e The solutions to be rated as to how
they have addressed the issue and

e A comprehensive range of solutions
(conventional and PSS) to be
evaluated against each other
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2.9 Requirements of a Framework to Inform PSS Conceptual
Design with System-in-Use Data
In this Section, the literature is drawn upon to elicit the constructs which are required

for a framework to utilise system-in-use data to inform PSS Conceptual Design.

e System Depiction and Decomposition

Ng et al. (2012) have stated that, as the provider’s value proposition is merely one part
of the customer’s value creating system, the provider needs to visualise their offering
as an integral part of that customer’s system so that it can be ascertained how that
value proposition contributes to fulfilling the customer’s task. Also, allowing identified
receiver problems (experiences) (Aurich et. al., 2006) to be charted as a process
(Ericson et al, 2009) (in which a product or PSS is embedded) will help to reveal the
business ambitions of the customer (Alonso-Rasgado, 2004). This will also allow the
designer (and customer) to see exactly where in the process value is lost as well as
which aspect and under which circumstances so that this value loss can be designed
out or minimised. Many representation techniques which are used to represent
processes involving products and services have been discussed in the PSS literature.
These include extended Service Blueprinting, UML, Functional Analysis, BPMN, SysML
and SADT. However, the primary concern in PSS modelling is to co-create conceptual
models that can be shared and understood by all stakeholders (Annamalai Vasantha,
2012). At the PSS Conceptual Design stage, this is particularly crucial as a great deal of
interaction will take place between the provider, customers and suppliers.

As, in effect, the customer (by using products and services) is providing a service
to themselves to achieve their objectives, Service Blueprinting (Shostack, 1982) could
be a suitable technique which is also easily understood. Ng et el. (2012) propose that
S-D Logic can be operationalized by redrawing the attributes of a provider’s value
proposition so that it is associated with the use and context to which the customer will
apply it. They argue that this shows how the resources of the customer and providers
are integrated. Here, Service Blueprinting would allow the provider’s value proposition

to be visualised as part of the customer’s value creating and show the process of how a

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data |30



Chapter 2: Literature Review

goal (that is, value in use) is attained. Furthermore, Service Blueprinting (as it utilises a
flowchart technique) is easy to understand for most stakeholders who could, for
capital-intensive PSS, be spread around the world. In addition to this, with Service
Blueprinting, lines of visibility and interaction within the method also help to
distinguish the roles and responsibilities of the stakeholders.

Extended Service Blueprinting is a modelling method which describes a service
process which consists of service activities and product behaviours (Hara et al, 2011;
Shimomura et al,2009), and so, for processes in which the issues are more heavily
related to detailed product operation, this may be a more suitable method.
Furthermore, Service Blueprinting (simple or extended) also allows for decomposition
as the product or service elements can be blueprinted in their own right.

Concepts from Service-Dominant Logic may also be useful for developing
decomposition techniques. Operant resources are resources which act (follow a
process) to change other resources (Vargo and Lusch 2004a) to create a benefit (an
outcome). Conversely, operand resources are resources which must be acted upon to
be beneficial; examples are natural resources and other generally static matter (Vargo
and Lusch 2004a).

e Gap Analysis
Aurich et al. (2006), recommend that how the system deviates from customer

expectations should be analysed and Kimita et al (2009) also propose that designers
require procedures that can analyse customer satisfaction as an outcome of product
features which will allow quantitative assessment of satisfaction provided by the
offering; the gaps would reveal the value loss to the customer and, moreover, such
encoding is easily understandable by the provider.

Gap Analysis is the comparison of two views of a system (Cadle, 2010); it is used for
internal evaluation to identify performance deficiencies and fine-tuning a process
rather than for long term planning. It allows the performance of a system to be
compared with what is required of the system. Gaps in an existing system could mean
that either the requirements of the system have not been fully met or that the
requirements have changed.

Kontoya and Somerville (1998) define requirements as
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‘...descriptions of how the system should behave, application

domain information, constraints on the system’s operation, or

specifications of a system property or attribute. Sometimes they are

constraints on the development process of the system’.
These aspects would appear to map to: the process within a system, the competences
and resources within that process, the environment and uses to which the system is
subjected to and the required parameters of the system, respectively. As Alexander
and Stevens (2002) describe requirement as ‘...a statement of need, something that
some class of user or other stakeholder wants’, this suggests that, ideally, any PSS
Conceptual Design framework should be designed to accommodate any stakeholder
with any process issue. Five typical approaches have been described by Rios et al.
(2006) which includes ECSS-E-10A (1996), Hooks and Farry (2001), Robertson and
Robertson (1999), Kontoya and Somerville (1998) and Pahl and Beitz (1988). These
have some overlap with the dimensions of value for services within the context of PSS
which have been proposed by Toossi (2012) such as reliability and availability which
should be particularly useful for this research.

Thus, the use of Gap Analysis could be used to determine the loss of value in a
system, that is, the deviation of a system from customer needs; any gaps within that
system then present an opportunity for the provider to fill those gaps with enhanced
offerings.

e System Parameters
In order to perform Gap Analysis on a system, it would need to be parameterised so
that how it behaved can be measured against customer needs. As Mont (2002) has
suggested that to develop PSS offerings, a trade-off between the design of products
and services could be made on the grounds of function fulfilment against that of
economic value, functionality and cost could be two parameters.

Overall equipment effectiveness (OEE) (Hansen, 2005) is a concept which is
utilized in a lean manufacturing implementation. Although it usually measures the
effectiveness of a machine centre or a process line, it can also be applied to other

operations. The formula for the lean manufacturing OEE is:
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OEE = Availability X Productivity X Quality.

In this formula, what actually happened when the product or the process was
running is compared against how it was expected to run. Availability (Annamali
Vasantha et al, 2011) is also discussed in the PSS literature and this could indicate the
times that the system can be operational (the availability — the times that it can work).
Thus, Availability could be another further parameter. Quality here would also appear
to map to functionality. The responsiveness of the system (how quickly the capability is
achieved) can also be an issue for customers (Toossi, 2012) and so this could be
another parameter.

e Design Options

Possible design options should recognise that the value proposition is distinct from its
exchange value and facilitate the value proposition in being aligned with the
customer’s value creating processes so that a better fit is achieved and more value can
be contributed (Ng et al, 2012). The Design Options should suggest what could be
changed but not specifically how that change can be made; it is for the designer of any
given capability to use the specialist knowledge of their domain to apply the Design
Options. Any given system shows synergistic properties; that is, the properties and
behaviour of the arrangement are more than the sum of the individual resources
(Spohrer et al., 2008). This should be respected by the Design Options making generic
recommendations but not making suggestions that are specific to the principles and
practices of any given engineering discipline. Vargo and Lusch (2004a) state that other
entities (potential customers) that could benefit more from competences that a
provider has should be identified and so this should be an option that a PSS framework
offers.

e Solution Assessment

Along with suggestions from the customer as to how the system could be changed to
address the identified gaps, a scheme is also required to evaluate the suggestions akin
to that proposed by Pahl and Beitz [24]. Analytic Hierarchy Process (AHP) (Saaty, 1980)
is a popular Multi Criteria Decision Model (MCDM) which facilitates the user in solving

decision problems based on both quantitative and qualitative decision criteria. It is also
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able to handle multiple, conflicting objectives whilst accommodating the different
perspectives of decision stakeholders. This could be useful if one proposed solution
satisfied one set of customer needs and if another satisfied another set of customer
needs; it could also be useful if different proposals were favoured by different
stakeholders.

The Weighted Objectives Method (Cross, 2008), is an evaluation method for
comparing design concepts based on the overall value for each design concept; it
allows the scores of all criteria (such as various customer needs) to be aggregated into
an overall value for each design alternative. However, when considering initial possible
solutions, it may be difficult for the customer to assign an exact score to each criterion.
However, a Rating Scale such as the Likert Scale (Burns, 2008) would allow the
customer to indicate the degree to which they expect that a proposed solution could
meet their needs and this could be a simple way that customers could rapidly evaluate
solutions.

e Consider the Whole Value Chain

For a method to consider the whole value chain in order to improve a given value
creating system, each of the various systems whose outputs contributed to the value
creating system in question would need to be inspected in turn so that the full
problem-space and then solution-space can be examined. Thus, each stakeholder’s
contribution would need to be evaluated and, to address any system shortfall, the
various value creating systems that have interacted would need to be conceptually
readjusted to ascertain which system(s) and which adjustment(s) could help to close
any gap. That is, it should be possible for a gap within a system to be addressed at
different tiers in the value chain; this means that the method should not only be able
to be applied to the system where an issue has been identified but also to a
constituent subsystem from a supplier as well as to the superordinate system of the
client in which it is embedded — this procedure should be able to be repeated
continually.

¢ Qualitative and Quantitative
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This sharing of intellectual property is an important concern and represents a risk that
some customers may be reluctant to enter. However, Isaksson et al. (2009) states that
emphasis on value-driven development may be the way to mitigate these risks
although such a change in mind-set for all stakeholders is a challenge for PSS design.
This framework should enable any focal company in the value chain to depict and
suggest changes to the systems of their suppliers (and supplier’s suppliers) and
customers (and customers of customers), without necessarily having very detailed
knowledge of their customer’s or supplier’s exact systems and whilst not divulging the
exact nature of their own core capabilities. This way, innovation and competitive
advantage can be fostered by each company whilst retaining their proprietary
knowledge as such data relating to core capabilities which cannot always be disclosed.
Furthermore, even if such data were available, collecting data on multiple supply chain
tiers would be a huge challenge (Giunipero, 2008). For these reasons, the framework
should be allow partial, qualitative data that a particular stakeholder may have with
regards to a value chain to be used as a starting point to explore the problem-space

and solution-space of that value chain.
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2.10 Summary and Research Gap

e The main research gaps that are relevant to this study are:

o Although the potential benefits that can be achieved by learning from a
product or PSS-in-use have been outlined, it has not been fully proposed how
these benefits can be achieved.

o In the wider engineering literature there is a substantial body of research which
relates to collecting and analyzing product usage data. However, this covers
health monitoring, prognostics and other information collection methods that
can be used to acquire feedback about a product-in-use where the emphasis is
mainly on maintenance and the avoidance of service interruption rather than
closing the loop back to design.

o Although user involvement methods could facilitate the feedback of knowledge
to successfully operationally adapt offerings, this is not currently reflected in
existing PSS-development methodologies.

o There is a lack of available structured methodologies for eliciting and
structuring data from a product or PSS in the field to inform PSS Conceptual
Design.

o There is a lack of focus on the requirements of data from a product or PSS in
the field for PSS Conceptual design, particularly in the case of complex,
technical, high value products or PSS.

o There is a lack of an in-depth study into the mapping between product-in-use
or PSS-in-use knowledge and PSS Conceptual Design requirements.

o PSS Design Methodologies are currently at a fairly rudimentary stage of
development and the PSS Conceptual Design Stage is not well defined.

The next Chapter describes the aims and objectives of this research based on identified

gaps in the literature.
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3 Research Objectives and Methodology

3.1 Introduction

The purpose of this Chapter is to present the rationale of the research strategy and to
outline the research methodology that has been followed to achieve the aim and

objectives of this study.

3.2 Research Aim and Objectives

The aim of this research study as stated in Chapter 1 is:

4 N

To develop a method which uses data from a product- or PSS-in-use to:

. provide customised/ upgrade options for the PSS customer

. develop new, initial PSS Conceptual designs

\_ )

The literature review in Chapter 2 identified the current research trends and
challenging areas within the domain.

As a result, the following objectives were defined in order to fulfil the aim of this study.
The research objectives can be summarised as:

1. To understand the current practice and state-of-the-art in using system-in-use
knowledge from a system in which a product or PSS is embedded to inform PSS
Conceptual Design.

2. Identify terminologies used in practice to define PSS.

3. To develop a representation for a system in which a product or PSS is
embedded that can be used by designers to improve PSS Conceptual Design.

4. To identify the system-in-use knowledge (in which a product or PSS is
embedded) required by designers at the PSS Conceptual Design stage.

5. To develop an effective methodology to use system-in-use knowledge to create

initial PSS Conceptual designs.
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6. To validate the methodology using detailed case studies.
In the next section, the available research strategies are reviewed and then how this

study’s research methodology was developed is presented.

3.3 Research Methodology development

This section outlines various alternative approaches which could be used to conduct
this proposed research. The perspective of the research is firstly outlined, a research
strategy is then chosen, and then issues regarding the data collection techniques used

are considered.

3.3.1 Research Context

An outline of the context of this research is required so that the research methodology
can be appropriately constructed.

This research is focussed upon the interaction between data from a system-in-
use in which a product or PSS is embedded and PSS Conceptual Design. The scope of
the study is to determine how such knowledge from technical, high value products or
PSS can be used to create initial PSS Conceptual Designs and to identify the links
between the two. The factors defining this research’s context were the gaps identified
within the overall domain of this study and those reported by the collaborating

organisations (available industrial support).

3.3.2 Qualitative and Quantitative Approach

The two distinct approaches to research design are quantitative and qualitative
research (Gummesson, 1991); these are also referred to as fixed or flexible designs
(Robson, 2002; Johnson and Harris, 2002).

A quantitative approach always involves the numerical analysis of data
(Johnson and Harris, 2002) and is rigorously specified before the main data collection
stage. Typically, quantitative research takes place in a controlled environment so that
the experimental conditions are under control, and the researcher is ‘detached’ so that

there is minimal influence on the research findings (Robson, 2002).
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For qualitative research, Johnson and Harris (2002) state that the data is
collected in the form of words and observations rather than numerically and a
qualitative approach is chosen when the phenomena of interest requires an
exploration of detailed, in-depth data (Robson, 2002). In contrast to the controlled
environment of the quantitative approach, the research here is conducted in a ‘natural
setting’ (Creswell, 1998). The term ‘flexible design’ (Robson, 2002) refers to the fact
that the research questions and ideas evolve during the course of the research.

Although it is not usual to undertake qualitative and quantitative research at
the same time it is possible for a study to be divided into phases where either
qualitative or quantitative approaches can be adopted. The foremost difference
between qualitative and quantitative research is that the first approach tends to rely
on few variables and many cases whereas the second approach involves many
variables and a few cases (Creswell, 1998). Accordingly, it is difficult to adopt a
guantitative approach for the study of a social or natural setting as there are many
variables which cannot be controlled by the researcher.

A qualitative approach was adopted for this study as the overall topic called for
further exploration in order to generate ideas and meet the research objectives.
Furthermore, the topic required an in-depth study by interviewing and observing

individuals at their places of work and not in a controlled environment.

3.3.3 Research purpose

The research objectives and the research context have been presented and so the next
step in research methodology design is the selection of a suitable research strategy.
Prior to this selection, the purpose of the research has to be determined as this
will help to clarify which research strategy is the most appropriate for the nature of the
research. The purpose of research can be exploratory, descriptive, and/or explanatory
(Robson, 2002). Considering the aim, objectives and the perspective of this research,
its overall purpose could be best characterised as exploratory which is usually linked to

a qualitative approach (Creswell, 1998; Robson, 2002).
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3.3.4 Research Strategy Selection

Robson (2002) has outlined three suitable strategies for qualitative inquiry as

ethnographic study, case study and grounded theory study (Table 3.1).

data.

Qualitative Definition Usual Features
Research
Strategy
Case study Detailed, in-depth | Single case selection
knowledge development | Study of the case within its context
regarding one or several | Use of various data collection techniques, such as
related cases. observation and interviews.
Grounded Endeavours to generate | Can apply to a wide range of phenomena
theory study theory based on collected | Mostly interview-based

Provides extensive recommendations for data
analysis and theory generation.

Ethnographic
study

Endeavours to  capture
analyse and interpret how a

Selection of a group, organization or community
Observation
Researcher involvement in the situation

group,  organisation or
community live and
experience the world.

Table 3.1: Overview of the Qualitative Research Strategies as Outlined by Robson (2002)

Similarly, Creswell (1998) concluded that there are five qualitative design research
strategies, namely, phenomenology, grounded theory, biography, ethnography and
case study: these are compared in Table 3.2.

The factors which were considered for this selection and the eventual detailed
research design were the context of the research, the available data collection
methods, the involvement of the collaborating organisations and the access to
comprehensive data from a product-in-use or a system-in-use in which a product or

PSS is embedded.

Grounded Theory Study

The literature review revealed that using product-in-use knowledge to inform PSS
Conceptual Design is an understudied area. In studies where theory is nascent, the
Methodological Fit Model (Edmondson et al., 2007) suggests that, as there can be no
certainty with regards to the issues that may emerge from any data collected, the
hypothesizing of explicit relationships between variables should be avoided. For this

reason, semi-structured, exploratory interviews were firstly used for this research with
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the aim of obtaining detailed data from the interviews from which major themes could

be drawn: the purpose was to uncover the AS-IS situation as to how companies which

provide capital-intensive, technical and industrial PSS use product-in-use knowledge

for PSS Conceptual Design. A case study approach was then adopted as case studies

are linked to exploratory work (Gummesson, 1991; Robson, 2002) which is the nature

of this study.

Phenomenology Grounded Case study Biography Ethnography
theory
Focus To identify Development Development of | Investigation Description
phenomena of a theory an extensive of an and
through how they | which is analysis of individual’s interpretation
are perceived by grounded in one or many life of a cultural
actorsina data collected cases and social
situation. from the field group
Discipline | Psychology, Sociology Sociology, Psychology, Sociology
of origin Philosophy, Political Sociology, Anthropology,
Sociology Sciences Anthropology,
History
Data Lengthy Interviews with | Multiple Mostly Mostly
collection | interviews with 20-30 sources such as | interviews and | observations,
up to 10 individuals to interviews, archival interviews,
individuals provide an observations, records Sometimes
extensive basis | documents, artefacts
for categories archival records,
and to detail a artefact s
theory
Data Meanings, Open Coding, Description, Stories, Analysis,
analysis Statements, Axial Coding, Themes, Meanings, Interpretation
Themes Selective Claims Historical Description,
Coding, reports
Conditional
Matrix
Narrative | Description of the | Theory or In-depth study Description of | Description of
form meaning of the theoretical of one or more | anindividual’s | the cultural
experience to the | model cases life group
individuals behaviour

Table 3.2: Comparison of the five qualitative research strategies as outlined by Creswell (1998)

Case Study

The objectives of case study research are to create a description, understanding,

prediction or control of a phenomenon (Woodside and Wilson, 2003). A case study is a

form of analysis where one or several units are studied in-depth in order to clarify a

broader class of units (Gerring and McDermott, 2007). These units may consist of any
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phenomena as long as each unit is fairly well confined and positioned at the same level
of analysis as the primary assumption. The data collection methods used during case
studies can include archival material, interviews, questionnaires, artefacts and
observations and the data collected can be qualitative, quantitative or combination of
the two (Eisenhardt, 1989).

The researcher’s presence and predilections can alter the research setting, how
respondents react and can bias what data is collected and how it is interpreted. Hence,
these possible risks need to be identified so that they can be circumvented as much as
possible in order to establish the validity and generalisability of the study. This is

presented in the following section.

Validity, Reliability and Generalisability

The validity and generalizability of the study will determine how trustworthy it is. The
accuracy and correctness of a qualitative study will determine its validity (Robson,
2002). There are several main challenges to validity (Robson, 2002) and these can be
minimised or eliminated if they are addressed in advance:

Researcher bias: this relates to the preconceptions that may influence the researcher
in their selection of interviewees and interview questions.

Respondent bias: this relates to how the respondents react to the researcher. For
example, respondents may modify their answers or conceal information in an
attempt to please the researcher.

Reactivity: this relates to the way that the researcher’s presence may influence the

case study location.

Several strategies have been developed to minimise these challenges (Creswell, 1998;
Robson, 2002):
Audit trail: recording all of the activities and events during the course of the research.
Prolonged involvement: here, the researcher spends time at the research location in
an attempt to establish relationships with the participants and to understand
their concerns, activities and culture. However, it could be possible that

prolonged involvement could compromise the researcher’s objectivity.
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Respondent validation: here, conclusions drawn from the research are fed back to
the informants to check the validity of the researcher’s conclusions.

Negative case analysis: This involves searching for and discussing parts of the data
that can challenge the patterns that have emerged from previous data. This
process can refine the research.

Triangulation: the use of other methods and information sources to “cross examine”
the conclusions of the initial research.

Peer debriefing and support: here, the researcher works with one or more colleagues
who are more detached from the direction of the study. The peers examine the
researcher’s methodology, transcripts and final report in order to offer feedback

to ensure validity.

Within a qualitative research context, reliability is concerned with the reliability of the
methods and practices used so that there can be a replicability of results. For this to
occur, the research strategy and data collection methods should be structured and
consistent. Nevertheless, even if the study is reliable this does not necessarily mean
that it is valid (Robson, 2002).

Generalisability relates to the general applicability of a research study’s results
to other situations and times (Maxwell, 2002; Robson, 2002). Within qualitative
research, the two types of generalisability are internal and external. Internal
generalisability relates to the degree to which the findings apply to the community
which was studied. However, external generalisability relates to the degree to which
the findings apply beyond that group, setting, context or time. Generally, external
generalisability is perceived as being more difficult to achieve within a qualitative
research context as the findings tend to be specific to the individuals or settings

studied.

Bias Reduction
The qualitative research approach relies upon the researcher’s participation or
observation of events and eventually their interpretation and so, to reduce bias, the

following activities were conducted:
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Keeping an audit trail: all the activities that were conducted were recorded
throughout the course of the research. This meant that notes were taken and
that interviews were recorded wherever possible.

Debriefing peers: the notes, recordings, data collected and findings were presented
to peers during regular discussion groups that the research project held or
through conference and journal papers.

Triangulation: this occurred with the use of different data collection methods such as
interviews, observations and respondent validation.

Literature Review: the state-of-the-art literature in the domain was used to
contribute towards theory generation and idea creation with regards to the
System-In-Use Methodology.

Prolonged involvement in the case study setting: this helped the researcher to gain a
detailed understanding of the aims, practices and the challenged faced by the
participants. As this could increase researcher bias, a decision was made to have a
wide and varied number of validation case studies so that the theory and System-

In-Use Methodology generated could be assessed for this.

3.4 Research Methodology Followed in this Thesis

The consideration of widely accepted approaches in the literature formed the rationale
for the selection of the research approach, its design and strategy. The proposed
research methodology is represented in Figure 3.1 and it is divided into three main
stages which are the research approach, data collection and idea creation and then
data analysis and validation.

Although the framework will utilise quantitative data, a quantitative research
approach was not adopted. This is because, as it will be shown in Chapter 3, although
data is routinely collected from capital-intensive products in the field, how this could
relate to PSS Conceptual Design was largely unknown. The links between what data
should be collected, how it could indicate customer issues and how it could inform PSS
Conceptual Design had to be established. For this reason, a qualitative approach was

adopted.
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1% Stage

Research Approach

Research purpose:
Exploratory

Research approach:
Qualitative

Research Strategy:
Grounded Theory &
Case Study

2" Stage

Data collection and
Idea Creation

Selection of:
a) Industries to interview
b) Industrial case study

Selection of Data
Collection Methods

Idea Creation

Figure 3.1: Design of Thesis Research Methodology

3" Stage

Data analysis and
Validation

AS-IS capture and
implications for the
System-In-Use
methodology development

1 Case Study for
capability (value
creation) ontology
development

Development of the
System-In-Use
methodology and
Workbook

Validation (5 case study)
applications and
conclusions

The literature was reviewed throughout the course of this research to establish the

theoretical basis of the research issues and the general direction of this research.

e The First Stage: is concerned with the review and selection of an appropriate

research strategy. The research objectives required the research purpose to be

defined as exploratory. A qualitative approach was then chosen and then the most

suitable research strategy was selected to be a Grounded Theory Study followed by

a Case Study.

e The Second Stage: relates to the selection of suitable data collection methods in

order to clarify research issues and generate theory and ideas as to how these
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could be resolved. To increase the validity of this study, the aforementioned Bias
Reduction approaches were used. The selection of the interviewees for the
Grounded Theory Study and the Case Study selection were based on their
suitability for this research, the availability and accessibility of the collaborating
industrial partners and the general resources for this research.

e The Third Stage: relates to the development and validation of the proposed
System-In-Use methodology.

o AS-IS capture and implications for the System-In-Use Methodology
development: The findings of the interviews revealed that senior
management in industries which produce capital-intensive, technical
PSS did not know how to use product-in-use knowledge to inform PSS
Conceptual Design. Nevertheless, some direction was forthcoming as to
how this data collection could be widened (to become system-in-use
knowledge) and some suggestions were offered as to how this could be
used.

o Case Study for capability (value creation) ontology development: This
was a case study of a company which collects system-in-use data to
actually influence PSS Design; the company does not supply capital
intensive PSS but does provide a functional result. By combining this
case study’s findings and the findings from the literature, a
representation for capability (ontology) was developed.

o Development of the System-In-Use Methodology and Workbook: The
System-In-Use Methodology was developed from the ontology as well
as the findings from the literature and industry. A Workbook was also
created which won funding for its knowledge transfer from academia to
industry.

o Validation and conclusions: Four case studies were conducted with the
collaborating companies in order to validate the System-In-Use
Methodology (which uses system-in-use knowledge to generate initial

PSS Conceptual Designs). The first case study was conducted with a
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laser job shop: this was to assess the validity of the System-In-Use
Methodology (how it met the research objectives). The second with an
aero engine and component manufacturer, the third with a truck
provider and their technology provider and the fourth was with an
HVAC (Heating, Ventilation and Air Conditioning) Consultancy and an
expert Civil Engineer; these took place exercise the various paths in the
System-In-Use Methodology and to prove its potential generalisability
to industries in general. The research conclusions, limitations, and areas

for future research are presented in Chapter 8.

3.5 Summary and Key Observations

The aim and objectives of this research study were presented in this chapter, the
research context was established and the various qualitative and quantitative
approaches were described. A qualitative approach was selected due to the
exploratory nature of this study and a Grounded Theory Study and a Case Study
strategy was chosen from the various research strategies described. The issues of
validity, reliability and generalisability were also discussed. Finally, the research
methodology followed in this study was presented and each of its three stages have
been described in detail along with actions to minimise any bias that may threaten the
validity and generalisability of this study.

The next chapter focuses on the AS-IS situation of using knowledge from a product

or system-in-use in industries which produce capital-intensive, technical PSS.
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4 Investigation of the Current Practice in Industry
Producing Capital-Intensive PSS

4.1 Introduction

The literature review revealed that using data from a product-in-use or PSS-in-use to
inform PSS Conceptual Design is an understudied area. In studies where theory is
nascent, such as the use of data from a product-in-use or PSS-in-use to inform PSS
Conceptual Design, the Methodological Fit Model (Edmondson et al., 2007) suggests
that, as there can be no certainty with regards to the issues that may emerge from any
data collected, the hypothesizing of explicit relationships between variables should be
avoided. For this reason, grounded theory research methodology was used where
semi-structured, exploratory interviews were conducted with the aim of obtaining

detailed data from which major themes could be drawn.

4.2 Grounded Theory

Grounded Theory (GT) (Charmaz 2006; Glaser 1992; Glaser and Strauss 1967) is a
suitable research methodology when the objective is to develop theory. It is applied
here to interviews from respondents who provide industrial, capital intensive,
technical and infomated PSS in order to generate theory as to how data from a
product-in-use or PSS-in-use could be used to influence PSS Conceptual Design. This
investigation generated some basic ideas as to what is required of a framework to
utilise data from a product-in-use or PSS-in-use to inform PSS Conceptual Design and
also highlighted the need for a deeper, theoretical understanding of PSS and value-in-
use. Although this investigation was conducted as the PSS Conceptual Design Research
team (as outlined in Chapter 1), only the parts of this overall investigation for which
the author was responsible and which are pertinent to this particular research are
reported here. Over a three year period, this investigation interviewed thirty-seven

respondents in ten industries and generated 65 hours of recorded interviews.
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Figure 4.1: The Grounded Theory Process (Randall et al., 2010)
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GT provides a methodology which is based on an inductive and pattern searching
technique which is used for conducting in-depth investigations within and across
organizations (Charmaz 2006; Glaser 1992; Glaser and Strauss 1967). By investigating
the respondents’ understanding, GT can identify key variables and relate them (Glaser
and Strauss 1967; Hunt 1992) without introducing the bias of existing theoretical
structures (Charmaz 2006). The usefulness of GT is in its ability to offer a structured

procedure of investigation to a relatively unknown area.

Figure 4.1 (Randall et al., 2010) depicts this and this investigation employed
several iterations of the body of this process.

The analytical process of GT is called constant comparison which emphasizes the
“discovery of what concepts and hypotheses are relevant for the area that one wishes
to research” (Glaser and Strauss 1967). These comparisons involve interviews which
aim to identify themes and then test whether these themes remain consistent in

subsequent or previous interviews (Charmaz 2006; Glaser and Strauss 1967).

4.3 Methodology

The first step involved was for the three researchers to meet with three senior
academics who have applied expertise in engineering design and PSS to focus the
research problem, discuss the initial research aim and qualify the initial sample and to
also create an interview protocol. For the author’s research, this was deemed to be:
Research Aim: To develop a framework to utilise system-in-use or PSS-in-use data to
inform PSS Conceptual Design to:

e support customised/ upgrade options for the PSS customer

e develop new PSS system designs
Research Question: What are the antecedents, processes and outcomes of that

framework?
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During this phase, the sample as well as the participants were also identified by
reviewing archival material, emails and previous contact relating to the business,
responsibilities and expertise of each of the potential participants and their company.
The interview questions asked by the three researchers are detailed in Appendix A -
section 4 details the questions which were asked by the author; only the answers to
the author’s question are reported in this thesis.

— these are the questions that the author asked. A pilot interview was held with three
senior academics who have applied expertise in engineering design and PSS to ensure
that the research aim and interview questions had clarity and pertinence to this study
and the respondents. The initial focus of the interviews was agreed to be availability
contracts (as this is a high form of PSS) and maintenance as this is the remedy for as
well as a cause of unavailability. At the beginning of each interview, the aims of the
research (as previously outlined) were presented. Due to reasons of industry
confidentially, it was agreed that it would not be possible to conduct in-depth studies
in any one organisation and so cross-sectoral interviews were decided upon which
would allow for common themes across industries to be ascertained. All of the
potential participants selected were senior managers in roles which encompassed
engineering and/or business development who have knowledge of PSS and
maintenance in companies producing industrial, capital-intensive, technical and
infomated PSS and each had at least five years’ experience in their role. Although it
could be the case that junior managers could have more up-to-date academic
knowledge of PSS, a decision was made to interview senior managers. This is because
senior managers are primarily responsible for the formulation and/or execution of
business strategy (such as a strategy to servitize) and for the development and
execution of PSS Concepts within their company. Senior managers with at least five
years’ experience in their role would also be expected to possess a deep, as well as
broad, knowledge of their operating areas. Many participants were contacted with
regards to this study and the six companies that showed interest in the research aims

had (See Table 4.1) semi-structured interviews conducted with them in order to gain a
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broad understanding of current practices and challenges across industry. Each

interview was recorded and then later transcribed. These companies are in Table 4.1.

Provider ID Industry Interviewee No. Of
Interviewees

Defence Aerospace Senior Managers 2 3.0
RailCo Rail Transportation Senior Managers 3 6.0
TruckCo Commercial Trucks Senior Managers 5 7.0
LandCo Defence Land Systems Senior Manager 1 3.0
AeroCo Aerospace Senior Managers 4 4.5
NavalCo Defence Surface Ships Senior Managers 2 45

Totals 17 28

Table 4.1: The initial sample used for the creation of initial antecedents and categories

Although an interview protocol was developed and used as the basis for the
interviews, due to the open-ended nature of the interviews, the questions were not
necessarily asked in order. The participant interviews (steps two and four) were
conducted over a period of three years. The transcripts of the interviews and the
secondary data sources were systematically analysed and coded using a grounded
approach with no a priori definitional codes (Yin, 2003). This enabled key themes and
categories to be formulated (Easterby-Smith, 2008). Each of the related codes from
each document (the primary and secondary data sources) were then listed and the
findings were then categorized under emerging themes. From the constant
comparison that took place, initial categories and more focused follow-on coding
emerged (step 3). From the findings, a report was created which was circulated to the
respondents and then the initial categories and codes were presented at a conference
in Germany on industrial PSS (Hussain et al., 2011). From the feedback received from
the respondents and the insights generated from academics at the conference, the
report was revised and re-circulated to the respondents and then new interviews were
conducted (Table 4.2) with new participants (step four); this facilitated constant
comparison. Previous interviews were also re-examined in the light of the new insights

that had emerged.
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Interviewee

No. Of

Time

Interviewees

(hrs)

TruckCo Commercial Trucks Senior Managers 2 2

AeroEngineCo Aerospace Engines Senior Managers 5 13

FuelCo High-Tech Fuel Cell Senior Manager 1 2
Provider

Totals 8 17

Table 4.2: The second round of interviews used for the emergence of theoretical coding

The memos (step three and five) documented how a particular concept, category or
relationship was arrived at and also record how relationships evolved in subsequent
interviews as well as the rationale behind the emerged variables (Charmaz 2006). The
memos also noted questions for further interviews and documented the emergence of
theoretical coding (step five). In contrast to statistical validity, GT is concerned with
theory validation (Cho and Trent 2006) which it achieves through theoretical sampling
(step six) which is a process that tests previously identified relationships in a new
sample (Table 4.3). At these interviews, no further themes emerge and no further

issues were identified regarding a category of data.

Provider ID Industry Interviewee No. Of Time

Interviewees (hrs)
TruckCo Commercial Trucks Senior Managers 3 3
Fuel Co High-Tech Energy Senior Manager 1 1
AeroCo Aerospace Senior Managers 4 10
LaserCo Laser Technology OEM Senior Manager 1 2
LaserSysCo Laser Systems Senior Manager 2 2
ComputerCo Computerised Solutions Senior Manager 1 2
Totals 12 20

Table 4.3: The third round of interviews used to test the theoretical coding that emerged

Through categories being proposed, the subsequent relating of them to each another
and then testing those relationships in subsequent interviews, theoretical sampling
and constant comparison elevated the codes into theoretical categories (step seven)
(Charmaz 2006). The theoretical categories were then related into an emerging

theoretical structure (step eight) (Charmaz 2006).
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The relationships were formulated and then tested which lead to saturation
which is associated with validity in qualitative research (Cho and Trent 2006); here,
new data was gathered until no further insights were generated, no further themes
emerged and no further issues are identified regarding a category of data (Bowen
2008). This saturation resulted in the emergence of theory (step nine) which is a basic
framework to utilise system-in-use data for PSS Conceptual Design. The framework

(See Figure 4.2) which emerged was related back to the respondents

4.4 Antecedents

Six categories of antecedents emerged: Problem Identification, Determine the Type and
Extent of the Problem, Data Collection, Fault Location, Compare different instances of
the Process, Asset and Subsystems and, lastly, Inform PSS Conceptual Redesign. The
antecedents influence the source, type and amount of data required and how that
data could be analysed to inform PSS Conceptual Design; that is, the antecedents
indicate the elements that a framework to utilise product-in-use or PSS-in-use data
should have to influence PSS Conceptual Design. A discussion of each of the

antecedents and their associated codes follow.

Problem Identification Antecedent and Codes: Several respondents suggested that it
should be the extent to which the customer achieves an aim by using a product, rather
than how a product functions, that should be considered by PSS Conceptual Design.
Different respondents suggested that different parts of the system in which an asset is
embedded (rather than just the asset or PSS itself) should also be identified as the

problem space (See Table 4.4).
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Category: Problem Identification

Identify the customer’s system (this is the process and environment) in which an asset or
PSS is embedded. This will show how the customer is trying to achieve a goal; this reveals

their functional needs.

The reported problem should be an issue with the customer’s

overall goal (that is, the meeting of their functional needs) rather than just an issue with an

asset (requirements).

Code 1:

The aim of PSS Conceptual Design
should be the accomplishment of
the customer’s goal.

The aim of PSS Conceptual Design should be the
improvement of the degree to which a customer’s
goal is accomplished rather than just the
improvement of an asset.

Code 2:

Identify all of the elements which
impact upon the customer’s
overall goal.

There is a drive to identify, along with the asset or PSS
in question, elements of the use context (such as the
environment) and other systems which may have little
bearing on the main asset or PSS but which may
impact upon the customer’s overall goal.

Table 4.4: Problem Identification Antecedent and Codes

Category: Determination of the Type and Extent of the Problem

Determine the type and extent of the issue using gap analysis to find the difference between
what the customer wanted to achieve and what actually happened.

Code 1:

Monitor the customer’s mission

There is a desire to monitor the customer’s overall
mission rather than just asset performance.

Code 2:

Find the difference between what the
customer wanted to be achieved and

what actually happened.

There is a desire to assess the degree to which the
customer’s mission (for which a given asset or PSS
was used) was fulfilled. This will determine the type
and extent of the issue.

Table 4.5: Determination of the Type and Extent of the Problem Antecedent and Codes

Determination of the Type and Extent of the Problem Antecedent and Codes: The

type and extent of any reported problem could be determined using gap analysis

which is the difference between what was desired and what actually happened (Table

4.5) when the customer was attempting to achieve their goal.
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Data Collection Antecedent and Codes:

Different respondents suggested collecting data from different parts of the system

which could be used to influence PSS Conceptual Design (See Table 4.6):

Category: Data Collection

The asset (or PSS) and other assets and systems (along with their subsystems), the
environment and the type of use the asset was put to should be monitored.

Code 1:

Monitor other assets and systems
used (besides just the asset or PSS)
to achieve the customer’s goal.

There is a need to monitor other systems (besides just
the asset or PSS) which may have little bearing on the
main asset but which may impact upon the customer’s
mission. This is particularly the case for assets which
operate in unison such as fleets. However, this data
tends not be collected.

Code 2:

Monitor the subsystems and

components of the asset.

Subsystems are currently monitored to
maintenance but it this is not currently
systematically to influence PSS Conceptual Design.

trigger
used

Code 3:

Monitor the type of use that the
asset was put to.

There is a desire to monitor the type of use that the
asset was put to but this tends not to occur.

Code 4:

Monitor the environment.

There is a need to monitor any environmental variables
that could impact upon the customer’s mission. Such
monitoring could help to determine the environmental
conditions under which failures for an asset occur.
However, this data tends not be collected and that which
is collected tends not to be analysed in this way.

Table 4.6: Data Collection Antecedent and Codes
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Fault Location Antecedent and Codes: Most of the respondents stated that the
relationship between the performance of the asset (and its subsystems and

components) and failures in the customer’s mission should be established (Table 4.7).

Category: Fault Location

Determine the part of the system (and its subsystems and components) which contributed
most to the failure of the customer’s mission. This could be determined by applying gap
analysis to that part of the system which is the difference between how an expert would
expect the sub-system to perform and what actually happened. Alternatively, this could be
determined by the degree to which that part of the system contributed to the failure of the

mission.

Code 1: The relationship between the performance of an asset
) ) | and the failure in the customer’s mission will help to

Determine  the  relationship | getermine the contributing factors to any failures in a

between the performance of an
asset and the failure in the
customer’s mission.

customer’s overall mission. However, data that is
collected for from assets tends not to be analysed in
this way.

Code 2:

Determine the relationship
between a subsystem’s or
component’s behaviour and the
failure in that system

There are many assets for which data regarding
subsystems and components is currently collected.
However, this tends to be used to trigger maintenance
services rather than being used to determine the
relationship between a subsystem’s or component’s
behaviour and the failure in that system.

Code3:

Determination of the difference
between the expected operation
of an asset (as determined by an
expert) and how it actually
behaved.

There are assets which are monitored so that the
difference between the desired operation of an asset
(as stipulated by the provider) and what actually
happened can be determined. However, this is
performed so that asset misuse can trigger training
rather than being used as an indicator that the asset
may have contributed to the failure of the customer’s
overall goal.

Table 4.7: Fault Location Antecedent and Codes

Compare Different Instances of the Process, Asset and Subsystems Antecedent and

Codes: Several respondents suggested comparing the process, asset and subsystems

to those in different environments and put to different uses to see if they performed

differently.
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Category:

A comparison of the process, asset and subsystems in different local and wider
environments should allow the assessment of how a variable in one environment affects a
particular process as compared to when that variable is absent or reduced.

Code 1: Assets and subsystems can behave differently in
different environments. Comparing their performance
under different circumstances can reveal which
subsystem’s  or  component’s) | anyironmental variables impact upon various parts of

performance in one enwronmer.mt the asset or subsystem. However, this tends not be
as compared to its performance in | 4one

another. This will help to identify
environmental variables that may
impact upon it.

Find the difference of an asset’s (or

Code 2: Monitoring how different types of asset use impact
upon the long-term performance of the asset can help
Find the difference of performance | 15 getermine which types of use limit the
for an asset used in one way as | narformance or damage the asset. It also could be
compared that when that asset is | \;5aq to discover which type of use contributed to the
used in another way. failure of the customer’s mission. However, this tends
not to be performed.

Table 4.8: Compare Different Instances of the Process, Asset and Subsystems Antecedent
and Codes

Inform PSS Conceptual Design Antecedent and Codes: All respondents stated that
they did not know how data collected from an asset or PSS in the field and any other
part of the customer’s system could be used to inform PSS Conceptual Design so that

designs can be generated to address the customer’s issue.

Category:
Process the data to inform PSS Conceptual Design so that designs can be generated to
address the customer’s issue which are:

o customised/ upgrade options for the PSS customer
J new PSS system designs
Code 1:

How to process the data to generate PSS Conceptual
How to process the data to | Designswas unknown.

generate PSS Conceptual Designs
was unknown.

Table 4.9: Inform PSS Conceptual Design Antecedent and Codes
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4.5 Results: The Proposed Framework

How to utilise data from a product-in-use or PSS-in-use data to inform PSS Conceptual
Design is unknown; this was the unanimous verdict of all respondents and across all

industries throughout the course of this investigation. As one respondent commented:

“Although we collect a great deal of data from assets in the field, we
don’t know how to use this for PSS Conceptual Design; we refer to this

data as shelf-ware.”

Although the constructs, processes and expected outcomes of a framework to utilise
product-in-use data for PSS Conceptual Design were unknown, some suggestions were
made as to the general antecedents of using product-in-use data to inform PSS
Conceptual Design. These antecedents were used to create a basic framework of how
product-in-use or PSS-in-use data could inform PSS Conceptual Design (See Figure 4.2).
This Framework (See Figure 4.2) has the following steps:

1. Problem Identification - The reported problem should be an issue with the
customer’s overall goal (that is, the meeting of their functional needs) rather than
just an issue with an asset (requirements). From this, chart the customer’s system
(this is the process and environment) in which the asset or PSS is embedded. This
will show how the customer is trying to achieve a goal and thus reveals their
functional needs. There were no suggestions as to how this could be depicted.

2. Determine the Type and Extent of the Problem - Determine the type and extent of
the issue using gap analysis to find the difference between what the customer
wanted to achieve and what actually happened. This would determine the degree
to which a goal is being met rather than just how an asset performs. There was
little indication as to the exact types and categories of data to collect.

3. Fault Location - Determine the part of the system (and its subsystems and
components) which contributed most to the failure of the customer’s mission. This
could be determined by applying gap analysis to that part of the system which is
the difference between how an expert would expect the sub-system to perform

and what actually happened. Alternatively, this could be determined by the degree
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to which that part of the system contributed to the failure of the mission. The
exact types and categories of data to collect were unresolved.

4. Compare different instances of the Process, Asset and Subsystems - A comparison
of the process, asset and subsystems in different local and wider environments
should allow the assessment of how a variable in one environment affects a
particular process as compared to when that variable is absent or reduced.
However, the exact types and categories of data to collect were unresolved.

5. Inform PSS Conceptual Redesign - Process the data to inform PSS Conceptual
Design so that designs can be generated to address the customer’s issue which are:
e customised/ upgrade options for the PSS customer
e new PSS system designs
However, how to actually process the data to generate PSS Conceptual Designs

was unknown.

4.6 Respondent Validation

Flint et al. (2002) advise researchers to evaluate that the data, analysis and the
emerged theory fit with the environment as interpreted by experts (Flint et al., 2002).
The framework was presented to a firm of HVAC (Heating, Ventilation and Air
Conditioning) consultants which, although they produce low cost PSS, they use system-
in-use data to inform PSS Conceptual Design. They stated that the framework
appeared to be comprehensive and to follow the general steps that they take
although, in practice, they tend to rely on intuition and their considerable knowledge

and expertise of their domain area rather than a systematised method.
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Problem Identification
Identify the customer’s system (this is the process and environment) in
which an asset or PSS is embedded. This will show how the customer is
trying to achieve a goal; this reveals their functional needs. The
reported problem should be an issue with the customer’s overall goal
(that is, the meeting of their functional needs) rather than just an issue

with an asset (requirements).

Determine the Type and Extent of the Problem

Determine the type and extent of the issue using gap analysis to find
the difference between what the customer wanted to achieve and
what actually happened. This would determine the degree to which a
goal is being met rather than just how an asset performs.

4

Fault Location

Determine the part of the system (and its subsystems and
components) which contributed most to the failure of the customer’s
mission. This could be determined by applying gap analysis to that part
of the system which is the difference between how an expert would
expect the sub-system to perform and what actually happened.
Alternatively, this could be determined by the degree to which that
part of the system contributed to the failure of the mission.

U

Compare different instances of the Process, Asset and Subsystems

A comparison of the process, asset and subsystems in different local
and wider environments should allow the assessment of how a variable
in one environment affects a particular process as compared to when
that variable is absent or reduced.

!

Inform PSS Conceptual Redesign

Process the data to inform PSS Conceptual Design so that designs can
be generated to address the customer’s issue which are:

e customised/ upgrade options for the PSS customer

e new PSS system designs

Figure 4.2: The emerged framework from the antecedents

Deficiencies in the

Framework
How this could be
depicted was not

forthcoming

The exact types and
categories of data to
collect were unresolved

This is already used in
some industries to trigger
existing services such as
maintenance. However, it
is not used to inform PSS
Conceptual Design. The
exact types and categories
of data to collect were
unresolved.

However, the exact types
and categories of data to
collect was unresolved

How to process the data
to generate PSS
Conceptual Designs was
unknown.
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4.7 Summary and Key Observations

In this chapter, the AS-IS situation in industry with regards to using product-in-use data

from industrial, technical, infomated products and PSS to inform PSS Conceptual

Design was explored. The interviews revealed, conclusively, that in industries

producing capital-intensive PSS very little is truly known about how utilise data from a

product-in-use or PSS-in-use could be utilised to inform PSS Conceptual Design and

that PSS Conceptual Design in these industries tends to be ad-hoc and unsystematised.

However, there does appear to be a need in industry to monitor the use patterns and

context in which the asset is used along with other assets that are used to meet a goal;

rather than just product-in-use data, the data that should be collected appears to be
system-in-use data which would be the data collected from the whole system in which

a product or PSS had been embedded. Here, the fulfilment of the customer’s goal or

mission should be the primary concern of the provider. Knowledge of the customer’s

business operation times, the required performances and the customer’s resources
that are required to achieve a goal all need to be gleaned along with precise
information as to how the asset or PSS performs under various contexts. For higher

PSS models, this is particularly important because, as the customer will not own the

asset, they will not be able to heavily integrate or modify the asset to tailor it to their

exact needs.

Some suggestions as to how a method could start to be developed were
elicited but exactly what data to collect and what this would indicate for PSS
Conceptual Design was not forthcoming. The main requirements for the creation of a
method to utilise product-in-use data for PSS Conceptual Design appeared to be:

e The definition of the problem space as the process in which the asset or PSS is
embedded (rather than just a consideration of the asset or PSS), all of the elements
within the process (such as other products and services) and any events that
occurred or environmental impacts; it is the accomplishment of the customer’s
goal that is of primary importance rather than the requirements of any individual

product or PSS.
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Contextual monitoring (of environmental variables which impact upon the asset,
the process in which the asset is embedded along with other assets and systems in
that process and the use purposes to which the asset is employed) is required
which, currently, tends not to be conducted. If all of the variables that could affect
availability could be ascertained and then monitored and compared across assets
in different circumstances, it then becomes more possible to discover the
circumstances that lead to asset, subsystem and even mission failure. Analysis
across data sets of assets employed for different use purposes and in different
environments could help to identify possible causes of failure in differing contexts.

The monitoring of, not just the asset or PSS, but also subsystems and components
within it so that it can be ascertained which part of the asset may have contributed
to any failure in the customer’s mission. A method is required to build-up precise
knowledge over time of the performance of the asset (and other systems used to
accomplish a goal) under various circumstances and the part of the asset which
had the fault. This is extremely important for the creation of availability contracts.
The framework should allow a fault tree to be constructed which would show how

the fault is built up and the location the source of the fault.

Despite the emergence of a basic framework, the exact sources and types of data to be

collected, how the data relates to PSS Conceptual Design and then how that data

should be processed to inform PSS Conceptual Design need to be defined. This

highlighted the need for a deeper, theoretical understanding of PSS and value-in-use

(how the customer’s goal is being met). The next chapter addresses this by performing

a longitudinal study with a company that does use system-in-use data to influence

their low-cost PSS Conceptual Designs. Although this company does not produce

capital-intensive PSS, the PSS they deliver is technical, infomated and supports their

clients who do produce capital intensive PSS. How this company uses system-in-use

data to inform PSS Conceptual Design is studied to gain more insight as to the

refinement of the framework.
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5 Framework Refinement

5.1 Introduction

The previous Chapter outlined the AS-IS situation of how data from a product- or PSS-
in-use is used by industries producing capital-intensive, industrial and technical assets
to inform PSS Conceptual Design. There was no general or systematised method to
accomplish this or, indeed, any real understanding of how this could be accomplished.
Nevertheless, from the investigation that was conducted, theory was generated (from
findings across many industries) from which the basis of a framework was developed.
In this Chapter, the framework is refined based on the expertise of a low-cost
PSS provider which uses system-in-use data to inform PSS Conceptual Design. To
achieve this, interviews and an ethnographic research approach was adopted. This
company then evaluated the resultant, refined method. The findings resulted in
several reconceptualizations of key terms within PSS.
At this point, the requirement was to refine the basic framework developed in the
previous Chapter. To do this, the following had to be determined:
e away to depict the customer’s system
e the system elements and the data should be collected from them
e how can the degree of value in use delivered (how the customer’s goal is being
met) can be determined from the system-in-use data
e how the part of the system that contributed most to that system not meeting
the customer’s goal from the system-in-use data could be determined
e how PSS Conceptual Design can be informed by the gap in value in use and the
part of the system that contributed most to that gap in order to support
customised/ upgrade options for the PSS customer and develop new PSS
system designs
Although the company in this study does not offer a capital-intensive PSS, they do
offer a technical, high level (a result-orientated business model) PSS. This is a Heating,
Ventilation and Air-Conditioning (HVAC) Consultancy firm; in the previous Chapter,

they stated that the framework appeared to be comprehensive and to follow the
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general steps that they take although, in practice, they tend to rely on intuition and

their considerable knowledge and expertise of their domain area rather than a

systematised method.

5.1.1 HVAC Consulting Company Study

The HVAC Consulting Company has a staff of five people and tends to have very close

contact with their clients and their client’s use context and users. Besides using system

in use data to inform low-cost PSS Conceptual Design, they were also selected for this

study for the following reasons:

Support of Capital Intensive PSS: This company supports their clients in providing
capital intensive, technical and industrial PSS. For example, their clients can be
property developers who lease or rent office space, warehouses or buildings to
hospitals. The HVAC Consultants can reduce heating and cooling costs of a building
and ensure a pleasant climate; this is important for the building provider as, if the
building is too costly to heat and cool and/or if the building climate is unpleasant,
then the customers of the building may choose another building provider.
Therefore, although the HVAC Consultants are a separate company, by partnering
with/supporting property developers, they jointly offer a capital-intensive,
infomated and technical PSS; the HVAC Consultants could quite easily have been a
department within the property developer’s company.

Functional Result Business Model:

Description: A core service that the HVAC Consultants offer is the rationalisation of
HVAC systems so that large energy savings can be made on existing heating and
ventilation systems: by using sensors, trouble spots can be identified and parts of
the HVAC system which may be working in opposition to each other can be
identified — addressing these issues can result in huge energy savings. For this
service, they offer a functional result; that is, the creation of a pleasant building (or
floor) climate at a much lower energy cost. A business model that they offer is one
where they will accept a rolling percentage of the energy savings that they've

instituted. This business model could be described as a “win-win-win” where the
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building users benefit from a pleasant climate, managers are able to cater for users

but at lower costs, the HVAC Consultants receive a percentage of the energy

savings and (because less energy is being used) there is also a reduction in carbon

emission and so there is also an environmental win.

5.2 Methodology

To refine the framework, efforts were made to capture the expertise of the HVAC

Consultants; the data were collected as below. All of the data collection described in

Literature Review

>

Investigation of the AS-IS Process for Using System-In-

Use Data to Inform PSS Conceptual Design

1 exploratory interview

O

1 company presentation attended

s

1 semi-structured interview

>

A walkthrough of 2 case studies

>

2 structured interviews to examine
data sets collected

>

2 ethnographic studies

a0d

Refinement of the Framework

<+

Evaluation of the Framework using
ethnography and an interview

Figure 5.1: Methodology to refine the framework
and develop ontology

this Chapter was conducted by
the author.
1. A literature review on
themes related to the study had
been conducted before the
investigation at the company.

Where possible case studies to be

used for validation were
identified.
2. An exploratory interview

was conducted which covered
the general business of the HVAC
company and how it could relate
to this research. A company
presentation was given which
detailed the company’s business.
A semi-structured interview was
held where the three

asked

then
researchers questions
(Appendix C — section 4 details
the questions which were asked

by the author). Only the answers
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to the author’s questions are reported in this thesis.

3. An interview was conducted where the consultants ‘walked through’ two HVAC

systems that they had improved.

4. Two interviews were held where the consultants explained two different data sets

that were collected from two different HVAC systems they had improved (see

Appendix B for an anonymised sample data set).

5. Two ethnographic studies were held were the consultants were watched as to how

they go about assessing an HVAC system based on customer and user complaints

and, from that, how conceptual solutions are generated.

The flow chart (See Figure 5.1) details the steps that the author took during this

research. The paler grey colours in the flowchart depict when there was interaction

with the HVAC Consulting Company. The interviews that were held were semi-

structured, face-to-face interviews. During these interviews, the research questions

(outlined at the beginning of this Chapter) were asked and the HVAC Consultants were

asked to evaluate the framework by applying it to example case studies.

The participants for this investigation are outlined in Table 5.2 and the type of

study they participated in is shown in Table 5.1.

TYPE OF RESEARCH No. Of Time
Interviewees (hrs)
An exploratory interview was conducted where the aims of this research were
firstly presented and then the general business of the HVAC company was 2 2
explored.
A company presentation was attended which detailed the company’s business. 2 2
A semi-structured interview was then held where further details were gleaned
as to how the company derives their business models and conducts their 1.5
business. 3
An interview where the consultants ‘walked through’ two HVAC systems that
they had improved. 2 2
Two interviews were held where the consultants explained two different data
sets that were collected from two different HVAC systems they had improved. 2,3 2x1.5
Two ethnographic studies were held were the consultants were watched as to
how they go about assessing an HVAC system based on customer and user 4
complaints and, from that, how conceptual solutions are generated 3,3
Evaluation of the Framework using ethnography and an interview 2,3 35+1
Total 19

Table 5.1: Summary of the types of study that the participants had participated in.
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Participants Years of experience
Managing Director 9 years’ experience in HVAC systems
Technical Director 15 years’ experience in HVAC consulting
HVAC Consultant 5 years’ experience in HVAC consulting

Table 5.2: The participants from the HVAC Company

5.3 Antecedents

From the investigation as to how the HVAC Consultants use System-In-Use data to
influence PSS Conceptual Design, seven categories of antecedents emerged: The
Problem Definition Antecedent and Codes, Depiction of the Customer’s System, The
System Elements and the Data to Collect from Each, Measuring Value in Use of the
Customer’s System, Locating the Value in Use Loss within the Customer’s System,
Reducing the Gap within the Process to Improve Value in Use, Changing Other System
Elements to Improve Value in Use. The antecedents state the source and type of data
required from an identified process (in which a product or PSS is embedded) and how
that data is utilised to generate PSS Conceptual Designs and other system changes

which will improve value-in-use. Antecedents and their associated codes follow:

1. The Problem Definition Antecedent and Codes:

Category: The issue is quantified and the system (in which there is an issue) is determined.

Code 1: Quantify the issue:

a) Determine which parameter the issue could refer to (the parameters are: cost, the
temperature, the time it takes for a temperature to be reached and the times the desired
temperature can be available) and determine the issue’s units. Collect data to quantify the
issue. This will then help to either confirm or debunk the reported issue.

b) The Severity of the Issue: Check with other stakeholders to determine if they are aware or
have experienced this issue and how important they believe it to be. This will help to
determine how many stakeholders are affected by the issue and its importance to the
stakeholders.

Code 2: Determine the scope of the system:

Collect data on when the issue arises and how long it lasts. Note any events or changes and the
time they occur in that environment when the issue is present. Then compare these changes
and events to when the issue arises — this will help to determine the scope of the system to be
investigated and gauge the frequency of the issue.

Table 5.3: The depiction of the problem definition antecedent
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2. Depiction of the Customer’s System Antecedent and Codes:

Category: The system is depicted by a floor plan.

Code 1: Floor Plan
A Floor Plan which shows all of the system elements and the actual temperature of each.

Table 5.4: The depiction of the customer’s system antecedent

3. Measuring Value in Use of the Customer’s System Antecedent and Codes:

Category: To indicate the degree to which the system has met the customer’s needs, the
difference between the desired system parameters and the actual system parameters is
reckoned.

Code 1: The difference between the desired and actual overall system parameters

This is the difference between the desired system parameters (elicited from the customer and
the users of the area of the building in question) and the actual system parameters (elicited
from temperature sensors recording data against time in the area of the building in question).

Table 5.5: Measuring value in use of the customer’s system antecedent

4. Locating the Value in Use Loss within the Customer’s System:

Category: To indicate the location of the issue in the system, for each sub-system, can be
reckoned by either the difference between the desired sub-system parameters and the actual sub-
system parameters or by the amount that a subsystem’s parameter contributed to the overall
system’s gaps.

Code 1: The difference between the desired and actual system parameters for each sub-system

The location of that value loss within the customer’s system was gauged in one of two ways:

e the difference between the expected parameters of a subsystem (as gauged by an expert of
that type of process and subsystem) and what had actually happened (elicited from
temperature sensors recording data against time in the area of the building in question).

e The degree to which an actual parameter of a subsystem (elicited from temperature sensors
recording data against time) contributed to the gaps in the overall system.

Table 5.6: Locating the value in use loss within the customer’s system antecedent
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5. The System Elements and the Data to Collect from Each Antecedent and Codes:

Category: The system elements are: the process (and all of its resources) to achieve a
customer’s goal and the environment (local and wider); these give the system’s parameters.
For the process, the data to be collected is the temperature, the time it takes a set
temperature to be reached, the periods of time that the set temperature cannot be achieved
and, lastly, the cost. For the environment, the data to be collected are those from any
variables in the environment that impact upon the process.

Code 1: All sub-systems in the process, the temperature produced by each against time

Every device (sub-system) that is integrated into a process to achieve a customer’s goal of a
pleasant climate is a system element. The data to be collected from each of these elements in
the process are:

a) The temperature level (in units of °C). This can be collected with temperature
sensors.

b) The length of time it takes for a certain temperature to be reached (in units of
HH:MM:SS). The date and time is recorded against the temperature readings. From
this data, the length of time for a certain temperature to be reached can be
calculated.

c) The times the sub-system can be operational (the availability — the times that it can
work) (in units of DD/MM/YY and HH:MM:SS).

d) The cost (in units of £00.0000). This data can be determined by taking the cost of
using a device for the length of time that it is used.

Code 2: The local environment and any factors that could impact upon the process

The local environment (the immediate vicinity around the process) is also a system element.
Examples of variables in the local environment that could impact upon the process and its
outcome are draughts, heat from computers and the presence of people in that vicinity. The
data to be collected is the degree to which any variables in the local environment impact
upon the system parameters. This data can be gleaned by comparing the same (or a similar)
process in different local environments (either quantitatively by using data collected from
system parameters or by using the heuristic judgement of experts) to assess how a variable in
one environment affects a particular process as compared to when that variable is absent or
reduced.

Code 3: The wider environment and any actors that could impact upon the process

The wider environment (the vicinity around the local environment) is also a system element.
Examples of variables in the wider environment that could impact upon the process and its
outcome are shade from a tree just outside of the building and heat from the sun. This data
can be gleaned by comparing the same process and local environment in different wider
environments (either quantitatively by using data collected from system parameters or by
using the heuristic judgement of experts) to assess how a variable in one environment affects
a particular process as compared to when that variable is absent or reduced.

Table 5.7: The system elements and the data to collect antecedent
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6. Reducing the Gap within the Process to Improve Value in Use:

Category: After the provider has examined the process in which their offering has been
embedded, the offending part of the process can be considered for redesign to increase the
value in use of the customer’s system; this can be a customisation/upgrade or a new offering
design. Any modifications recommended may not necessarily be to that provider’s offering; the
changes recommended can be to other products and/or services, to the customer’s system’s
environment or to the receiver of that capability. The HVAC Company then presents and
discusses the solutions which they believe are feasible with the customer and users.

Code 1: Consider substitution of the offending subsystem

The offending part of the system: substitution: Consider substituting that part of the system

that has been found to have contributed most to the overall system issue.

Examples:

e If a space is colder than desired and a particular heater has been found to be not fully
working, then that heater could be substituted for another heater which works.

e If a space is warmer than desired and a particular fan has been found to be not fully working,
then a fan could be substituted for another fan which works.

Code 2: Consider an addition to the offending subsystem

The offending part of the system: addition: Consider an addition to that part of the system that
has been found to have contributed most to the overall system issue.

Examples:

o If a spaceis colder than desired, then a heater could be added to that space.
o If a space is warmer than desired, then a fan could be added to that space.

Code 3: Consider customisation of the offending subsystem

The offending part of the system: customisation: Consider customising that part of the system

that has been found to have contributed most to the overall system issue.

Examples:

o If a space is colder than desired and a particular heater has been found to have been set to a
low temperature, then that setting could be increased.

e If a space is colder than desired and leaving the door open has contributed to this, then the
users could be instructed to close the door or it could be adjusted to close automatically.

Code 4: Consider elimination of the offending subsystem

The offending part of the system: Elimination: Consider eliminating that part of the system that
has been found to have contributed most to the overall system issue.

Examples:

o If a space is used for storage and the heating comes on automatically although the customer
wishes to reduce energy bills, removing the heaters in that space should be considered.

Table 5.8: Reducing the gap within the process to improve value in use antecedent
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7. Changing Other System Elements to Improve Value in Use:

Category: Besides modification of the offending part of the process, to increase value in use
of the overall system, other changes to the system can be made. These are modifications to
the local and wider environment, changing the receiver of the system and a complete
redesign of the system. Such recommendations would be a service that the provider offers.
The HVAC Company then presents and discusses the solutions which they believe to be
feasible with the customer and users.

Code 1: Consider a change to the local environment
Local Environment: Consider changes to the local environment. Examples:

e If a window has not been insulated, then this could cause a draught or make that space
colder than required. Here, rather than just change the HVAC system to produce, for
example, more heat to meet customer requirements, a change to the local environment
(such as insulating a draughty window) should be considered.

e If there is a crack in the wall, then that could contribute to that space becoming colder
than required. Here, rather than just change the HVAC system to produce, for example,
more heat to meet customer requirements, filling the crack should be considered.

Code 2: Consider a change to the wider environment
Wider Environment: Consider a change to the wider environment: Examples:

e If that area of the building is in shade (by, for example, the presence of a tree), then that
could contribute to that space (the area of the building under investigation) being colder
than required. Here, rather than just change the HVAC system to produce, for example,
more heat to meet customer requirements, a change to the wider environment (such as
to remove the tree outside of the building) should be considered.

o If that area of the building is sun-facing, then that could contribute to that space
becoming too hot. Here, rather than just change the HVAC system to produce, for
example, cooler air to meet customer requirements, a change to the wider environment
(such as placing barriers such as bill boards to the outside of the building) are considered.

Code 3: Consider changing the receiver

The Receiver (the beneficiary of the system): Consider changing the receiver when
developing a solution. Examples:

e If that area of the building is uncomfortable for the users then consider moving those
building users to another area of the building where they will be more comfortable and
let other users (who find that area comfortable) move in.

e |If that area of the building costs too much to heat and/or cool for the customer, consider
moving the users to another part of the building and using that space for a use which will
not be affected by the natural temperature of that space (for example, storage).

Code 4: Consider a redesign of the whole system

The Whole System: Consider changing the whole system (rather than just one part) when
developing a solution. If a given HVAC system produces undesirable results, then consider
changing that whole system for a new one which can meet user and customer requirements
more easily. Examples:

e Changing an old fashioned radiator system to under floor heating can be a more
comfortable way to heat a space for users.

e Changing an old fan coil unit system to a solar powered heating and cooling system could
reduce energy costs in the long term.

Table 5.9: Changing other system elements to improve value in use antecedent
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5.4 Refinement of the Framework

The antecedents did not produce any changes to the framework but did refine the

framework (See Table 5.10). How each step refined the framework follows:

1. Problem Identification — a way to depict the system was determined: the HVAC
consultants check with other stakeholders so as to gauge a reported issue’s
importance and then use four parameters to quantify that issue. A floor plan is
used to depict the system.

2. Determine the Type and Extent of the Problem —the degree of value in use
delivered was determined: the difference in parameters between what the
customer desired and the way the system actually behaved gives the value gap.

3. Fault Location - The system elements and the data that should be collected was
determined as well as which part of the system contributed most to the value gap:
each of the devices in the HVAC process and the environment are system
elements. Gap analysis (as above) is applied in turn to each element in the system.

4. Compare Different Instances of the Process - a comparison of the system in
guestion is made by the HVAC consultants to other similar systems either
guantitatively or by using their experience. This helps them to determine
environmental variables that may have adversely affected the system and it also
helps them to generate solutions.

5. PSS Conceptual Design - How PSS Conceptual Design can be informed by the gap in
value in use and the part of the system that contributed most to that gap was
determined: the HVAC Consultants consider changes to the offending part of the
system to increase the value in use. These are substitution, addition, elimination
and customisation. Besides modification of the offending part of the process, to
increase the value in use of the overall system, other changes to the system can be
made. These are modifications to the local and wider environment, changing the
receiver of the system and a complete redesign of the process. Such

recommendations are a service that the Consultants offer.
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Problem Identification
Identify the process used to achieve a goal (along with its environment and the stakeholders) in which an issue
has arisen. The reported problem should be an issue with the customer’s overall goal (that is, the meeting of
their functional needs) rather than just an issue with an asset (requirements).

The HVAC Consultants quantify the issue and determine the customer’s system - a floor plan depicts this.

~L
Determine the Type and Extent of the Problem
The type and extent of any reported problem could be determined using gap analysis (the difference between
what the customer desired and what actually happened). The reported problem should be an issue with the
customer’s overall goal (their functional needs) rather than just an issue with an asset (requirements).

The HVAC Consultants use the following procedure: the desired overall system parameters are gleaned from
the customers and users of the building. The actual system parameters are taken using temperature
sensors. The parameters are:

a) The temperature (in units of °C). This is collected with temperature sensors.

b) The length of time it takes for a certain temperature to be reached (in units of HH:MM:SS). The date
and time is recorded against the temperature readings. From this data, the length of time for a certain
temperature to be reached can be calculated.

c) The times the process can be operational (the availability — the times that it can work) (in units of
DD/MM/YY and HH:MM:SS).

d) The cost (in units of £00.0000). This data can be determined by adding up the cost of running all of the
subsystems being used for the length of time that they are used.

5>
Fault Location
This is the determination of the part of the system which contributed most to the issue. This could also be

determined by applying gap analysis to the various subsystems which is the difference between how an expert
would expect the sub-system to perform and what actually happened.

The HVAC Consultants use the same parameters as in Determine the Type and Extent of the Problem. For
the environment, data is collected from any variables in the environment that impact upon the process.

<3

Compare Different Instances of the Process
A comparison of the process in different local and wider environments will allow the assessment of how a
variable in one environment affects a particular process as compared to when that variable is absent or
reduced. Comparing different subsystems and process arrangements that are used to meet the same goal can
also help to generate solutions.

The HVAC Consultants achieve this either quantitatively by using data collected from system parameters
and/or by using their heuristic judgement.

<z
PSS Conceptual Redesign
Process the data to inform PSS Conceptual Design which could then generate designs to address the
customer’s issue by:
e  supporting customised/ upgrade options for the PSS customer
e developing new PSS system designs

The HVAC Consultants consider changes to the offending part of the system to increase the value in use.
These are substitution, addition, elimination and customisation; these can be a customisation/upgrade or a
new offering design. Besides modification of the offending part of the process, to increase the value in use
of the overall system, other changes to the system can be made. These are modifications to the local and
wider environment, changing the receiver of the system and a complete redesign of the system. Such
recommendations would be a service that the Consultants offer.

Table 5.10: How the antecedents relate to and refine the framework
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5.5 Evaluation of the Framework by Observation

The resultant framework was evaluated by observing how the HVAC Consultants use
system-in-use data to develop PSS Conceptual Designs and observing if any of the
steps that they followed differed from the framework.

The following case study shows how HVAC Consultants were called to a
customer’s premises because the customer wanted to reduce their HVAC energy bills
as they regarded these bills as being very high. The researcher took notes whilst the
HVAC Consultants conducted their business at the premises and the steps that were
followed were then transcribed.

The HVAC system in the customer’s premises used fan coil units which are
devices that poll the air and, depending on their settings (the desired temperature that
the air should be) the fan coil units will heat or cool the air around it. Sensors can be
used around each fan coil unit to poll the air temperature around it. The fan coil unit
receives hot or cold water from a central plant, and removes heat from or adds heat to
the air through heat transfer. The actual temperature of the Low Pressure Hot Water
(LPHW) and Cold Water System (CWS) can also be polled by temperature sensors. Fan
coil units have dampers which are designed to let a degree of supply air pass into the
space; the percentage at which the damper is opened will also be polled. Appendix B is
an anonymised data set which shows the data (the temperatures) which are collected

by sensors from each element in an HVAC system.

5.5.1 The Results of the Observation

1. Problem Identification

In this case study, the problem that the client stated is an issue with the cost of their
heating bills which they wanted to reduce by at least 15%. A basic floor plan of the
space in the building which is under investigation (Appendix D) is created. The position
of the Low Pressure Hot Water (LPHW), Cold Water System (CWS) and Supply Air is
depicted. The space is conceptually divided into Zones each of which has two or more

fan coil units and these are also depicted on that floor plan. User behaviour which can
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affect the temperature of the area (the main outcome of the process) is looked for. An
example of such behaviour would be propping doors or windows open and, if this is
found, it is mentally noted but not depicted. This is the same situation for “trouble
spots” such as hot air collecting at the ceiling (rather than being circulated where it is
needed) or draughts from doors; temperature sensors were placed at these positions
to see if this was the case. Besides observing the local environment, the wider
environment is also checked for any variables which may affect the process. In this
case study, no such problems were found in the local or wider environment.

2. Determine the Type and Extent of the Problem

The HVAC Consultants used the following procedure: In this case study there are five

zones so, in effect, there are five customer systems to be investigated. For each zone,

the users specified the same desired desk-level temperature of 21-23°C. For each zone,
the customer and users specified the desired length of time for the desired
temperature to be reached as half an hour before people entered the building. The
desired times that the system should be available (that is, could work) was specified

(across all zones) as, at least, 8am to 6pm. The customer wanted to significantly reduce

the energy that the HVAC system used and so reduce his energy bills. This information

was used to populate the desired overall system parameters. These were then
compared with the actual system parameters which were the same for each zone:

1) The desk-level temperature level (21-23 °C). This was collected with temperature
sensors.

2) The length of time it takes for the desired temperature to be reached (this took 30
minutes). The temperature sensors record the date and time against the
temperature readings. From this data, the length of time for the desired
temperature to be reached was calculated.

3) The times the HVAC system can be operational (the availability - times that the
HVAC system can work) was established as being (with very rare exceptions) 24
hours per day.

4) The cost of the energy. This was established from the energy bills.
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The comparison revealed that (besides the issue of cost), the system met all of the
customer’s and user’s expectations. Based on their experience of HVAC systems, the
HVAC Consultants did believe the energy bills to be much higher than they needed to
be.
3. Fault Location
For each zone, the desired parameters for each device were stipulated by the HVAC
engineers as, based on their expertise, they are aware of how each device should
ideally operate in order to produce a desired temperature for a set space. Using
temperature sensors, the actual temperature produced by the devices, the times they
could work and the length of time it took for the devices to produce the desired effect
were established; they all met the desired parameters with two exceptions: firstly, the
cost of operating the fan coil units. In this case study, it was found that the fan coil
units were operational a great deal of time and that this constant operation of the
units (to maintain the temperature as specified by the customer and user) would be
costly — this gave the location of the gap within the system. Secondly, one fan coil unit
was found to be faulty.

The exact parameters are not reported here as this is proprietary information
and specific to the core competences of the HVAC Consulting firm.
4. Compare different instances of the process
Based on their experience of other similar systems, the HVAC consultants knew that
the units did not need to be constantly operating in order to maintain a desired
temperature. When attempting to achieve a set temperature within an area, a fan-coil
unit can slightly overshoot the desired temperature. This can then trigger a nearby fan-
coil unit to start cooling the air which can mean that the temperature becomes too low
which, in turn, triggers the other unit to start heating the air again and so forth. This
constant “battling” between units is very energy hungry.
5. PSS Conceptual Redesign
For the fan coil unit which was faulty, HVAC Consultants replaced this with a new unit.
The unit was old and so there seemed little point in repairing it (that is, customising it).

The addition of a new unit could have been made but, as there was a space for the old
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unit, replacement seemed to be a better option. It could have been the case that this
fan coil unit could simply have been eliminated but the HVAC Consultants believed
that the system required it. There appeared to be no changes that could have been
made to the receivers or to the local or wider environment to address the issue of the
faulty fan coil unit.

As for the fan coil units, the units were customised: they can be set to poll the
air temperature at wider intervals which will greatly reduce this ‘battling’. This can
result in huge energy savings being made whilst still maintaining the desired
temperature. The HVAC Consultants conducted an experiment where they recalibrated
the fan-coil units to poll the air at wider intervals (whilst maintaining the desired
temperature). They took temperature readings of the zones and, although the units
operated far less frequently, the desired temperature was still maintained. From their
experience with HVAC systems, the HVACs consultants were aware that huge energy
savings should be made. The exact details of this procedure are not reported here as
this is proprietary information and specific to the core competences of the HVAC
Consulting firm. For this case study, the HVAC Consultants did not believe that any
other changes to the process (other than customisation of the fan coil units) or
changes to the receivers or to local or wider environment would be able to match the
huge energy savings that the re-calibration of the fan-coil units would afford.

They then set the units back to what they previously were and offered their
customer a functional result: they offered their service initially for free (the
replacement of a fan coil unit and the calibration of the fan-coil units) but with a rolling
percentage on any energy savings that the customer would make over a set period of
time. This way, the HVAC consultants share the risk with their customers; if no savings
are made, then the HVAC consultants will not be paid. The HVAC consultants, if
commissioned, will then place temperature sensors within that area so that they can
constantly remotely monitor it; these are the ‘eyes’ and the ‘ears’ of the HVAC
Consultants in the system and any unexpected readings can then flag to them that

they should re-inspect that building.
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5.5.2 Conclusions on the Evaluation of the Framework

An evaluation session was held with the three HVAC Consultants. They were shown
how the framework appeared to be followed during the case study observation. They
agreed that framework contained all of the steps in their procedure. They did see any
omissions or additions for the framework or how the observation was written up. They
also stated that they were not able, at that moment in time, to suggest any

improvements to the framework.

5.6 Conclusions on the Interviews and Observation

The framework was refined by the longitudinal study of the HVAC Consultant as it

determined:

e A way to depict the customer’s system - The HVAC Consultants use floor plans.

e The system elements and the data should be collected from them - The HVAC
Consultants consider all of the sub-capabilities which are integrated together into a
process to meet a customer’s goal as system elements. The data they collect from
each sub-capability are:

= The temperature level (in units of °C). This can be collected with
temperature sensors.

= The length of time it takes for a certain temperature to be reached (in units
of HH:MM:SS). The date and time is recorded against the temperature
readings. From this data, the length of time for a certain temperature to be
reached can be calculated.

= The times the sub-system can be operational (the availability — the times
that it can work) (in units of DD/MM/YY and HH:MM.:SS).

= The cost (in units of £00.0000). This data can be determined by taking the
cost of a device being used for the length of time that it is used.

They also consider the local and wider environments as system elements and

look for variables within them that may impact upon the process (that is, affect

the parameter values of any subsystem).
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e How the degree of value in use delivered (how the customer’s goal is being met)
can be determined from the system-in-use data - The HVAC Consultants measure
this as the difference between the actual system parameters and those specified by
the customer and user.
e How the part of the system that contributed most to that system not meeting the
customer’s goal from the system-in-use data could be determined - For each
subsystem, the location of the value loss within the customer’s system is gauged by
the HVAC Consultants in one of two ways:
= the difference between the expected parameters (the same parameters as in
the answer to Research Question 2) of a subsystem (as gauged by an expert of
that type of process and subsystem) and what had actually happened (elicited
from temperature sensors recording data against time in the area of the
building in question).

= by how much an actual parameter of a subsystem (elicited from temperature
sensors recording data against time in the area of the building in question)
contributed to the gaps in the overall system.

Those subsystems which have the largest gaps indicate that it is those subsystems

where value is lost.

e How PSS Conceptual Design can be informed by the gap in value in use and the
part of the system that contributed most to that gap in order to support
customised/ upgrade options for the PSS customer and develop new PSS system
designs - The HVAC Consultants consider changes to the offending part of the
system to increase the value in use. These possible changes are substitution,
addition, elimination and customisation; these can be a customisation/upgrade or a
new offering design. Besides modification of the offending part of the process, to
increase the value in use of the overall system, other changes to the system can be
made. These are modifications to the local and wider environment, changing the

receiver of the system or a complete redesign of the system.
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5.7 Discussion of the Findings from the Interviews and
Observation

1. The Framework: the general steps in the framework were followed by the HVAC
Consultants during their process of using system-in-use data to develop PSS
Conceptual Designs.

2. System Depiction: The HVAC consultants depict the system using a floor plan
although they tend not to depict possible sources of faults (such as variables in the
environment or user behaviour) which could impact upon the process but make a
mental note of it. This seems to work well for the HVAC Consultants; they are a
very small company (of five people) producing low-cost PSS and they tend to work
alone rather than partner with any other firms and so a more deliberate method of
sharing information between stakeholders is not required. However, this may not
be the case for large industries producing capital-intensive PSS as they may require
information to be shared with many stakeholders and across many internal
divisions and other companies. Therefore, other types of system depiction which
are more generic and apply equally well across all industries should be considered.

3. The Parameters of the Overall System and its Sub-capabilities: The parameters
used by the HVAC Consultants could be genericized to apply across all industries.

4. The Evaluation of the Solutions: The HVAC Company presents the solutions which
they believe to be feasible to be discussed with the customer and users and this
tends to be a fairly informal procedure. However, other industries may benefit
from this process being more structured.

5. System-in-use data vs. Product-in-use data: From the ethnographic study that was
performed, there was a confirmation that it should not be product-in-use data that
is used to inform PSS Conceptual Design but, rather, it should be system-in-use
data that is used.

6. Integration of the Product and Service: there tends to be little concern as to
whether the product and the service are integrated together; the main concern
appears to be whether the product and service can be integrated into the

customer’s system.
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7. PSS Conceptual Design: Not all of the designs generated were PSS Designs. This is
beneficial as it allows for any PSS design to be evaluated against other more

conventional changes which could improve the customer’s value in use.

5.8 Summary and Key Observations

In this Chapter, the framework has been refined based on the expertise of a low-cost
PSS provider which uses system-in-use data to inform PSS Conceptual Design. This
allowed the system elements to be defined, determined the types of data to collect,
determined how the data can be used to indicate the value loss in a customer’s system
and then the location of the gap within that system. Furthermore, rather than simply
informing PSS Conceptual Design, the refined framework now allows first-cut,
conceptual designs to be generated which can then be evaluated by the customers,
users and providers. The solutions that are acceptable can then be developed and
considered further. In this Chapter, the framework was also applied and evaluated.
This framework, although more refined, would appear to be consistent with the initial
framework proposed from the literature review in Chapter 2.

It is important to note that the services that the HVAC Consultants provide
could easily have been offered by building providers. For example, such a provider
could offer an office building for lease or rent and either have the energy use included
or help the customer to reduce their bills so that they would not be tempted to leave
the building if they thought their bills were too high.

At this stage, the framework (if it could be genericized) appeared to also be
applicable to high-value PSS Conceptual Design. However, this would require
validation, as will be shown in subsequent Chapters. Also, several key
reconceptualizations were developed and observations made which are particularly
pertinent to this research:

e The primary unit of observation and unit of analysis for PSS Conceptual Design:

o The unit of observation proposed in the literature and industry: The Value

Proposition (the Product or PSS). The literature and industry stress a need to

close the design loop by feeding product-in-use data into PSS Conceptual
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Design. However, the term suggests that the provider’s product offering or PSS
is the primary unit of observation (and perhaps analysis) for PSS Conceptual
design.

o The proposed unit of observation: The Value Creating System. The customer is
not actually in need of a product but is, in fact, in need of fulfilling a task which
is unique to their business operations and specific to their contextual demands,
resources, competences and constraints; to meet a goal they have, customers
integrate value propositions and their own resources into a value creating
system that is situated within their environment (Ng et al., 2012). It is this
value-creating system that should be the primary unit of observation (Hussain,
2012) and this should also be the primary unit of analysis rather than the
provider’s value proposition. Observing and collecting data from the customer’s
system should inform the provider as to the degree to which that value
creating system meets the customer’s functional needs.

Integration in PSS Conceptual Design:

Rather than the concern of the provider being that the product and service of their

PSS be integrated together (as emphasised by the extant PSS literature), the

concern should be that those product and service elements are integratable into

the customer’s value creating system and support it. The service and product which
may be offered may not necessarily be related.

The Starting Point for PSS Design: The design process starts with the customer.

Throughout the ages, customers have designed their own value-creating systems

and then sourced, evaluated, integrated and attuned various value propositions

with their own resources to suit their own environments in order to implement the
conceptual systems that they initially conceived. These customers then operate,
maintain and make improvements to that system. Therefore, the idea of PSS

Conceptual Design (the envisaging of a system to achieve a goal and then

implementing it according to what resources are available) is not new and this has

been traditionally in the hands of the customer who is, essentially, a designer.

However, in order to offer value propositions that more closely help to achieve
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customer goals, servitizing providers need to either appropriate part of or assist
those roles of the customer in order to help to design and implement systems
which deliver more value in use. Thus, PSS Conceptual Design should start with the
customer’s value creating system and not just the design of individual products
and/or services.

e Design Options for PSS Conceptual Design: If the customer’s value creating system
is regarded as the design space (that is, the problem-space and the solution-space),
then each of the elements of that system can then be considered in turn for
redesign in order to ascertain which change would improve value in use.

The next Chapter genericizes and further refines the framework so that it can become

a method that is applicable across industry. The framework will now be referred to as

the SIU (System-In-Use) Framework. A generic method of system depiction, generic

parameters that should apply to any capability, a technique for decomposition, a

refinement of design options and a technique for initial solution assessment are

developed next.
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6 Development of the Framework into a Method

6.1 Introduction

Chapter 5 refined the framework into an industry-specific (HVAC) framework — the SIU
(System-In-Use) framework; this was the result of an in-depth investigation of a single
company that uses system-in-use data to inform PSS Conceptual Design. In this
Chapter, the literature is drawn upon to triangulate the identified Framework
constructs as well as genericize the framework into a method, the System-In-Use
Method, so that it is applicable across industry. The rationale to produce a Workbook

is also outlined.

6.2 Methodology

1. The first step was to develop an
An Ontological Depiction of P P
Capability ontological depiction of capability.
2 2. The above depiction of capability was
Validation of the Ontological
Depiction of Capability subsequently validated by the HVAC
< Consultants.
Triangulation and Genericization of 3. The literature was then reviewed to
the System-In-Use Constructs
L triangulate, refine and genericize the
Development of the System-In-Use System-In-Use constructs.
Method
4, From the findings from the literature,

a4

Overview of the System-In-Use

the SIU Framework was developed into a

Method generic SIU Method.
5. The steps of the SIU Method were
Techniques Developed for the
System-In-Use Method then fully detailed.
> 6. The techniques that the SIU Method

User Support: Workbook .
use were then refined.

. 7. Meetings were then held with various

Figure 6.1: Methodology to Develop

the SIU Method experts in the field as to how the SIU Method
could be supported. This was to decide as to whether a software tool or Workbook

would be the best option to support the user of the SIU Method.
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6.3 Development of the SIU Method
6.3.1 An Ontological Depiction of Capability

Ontology facilitates unambiguous communication, the formulation of standards and
semantic-alignment efforts as well as future industrial information infrastructures
(Schlenoff et al., 1999; Annamalai Vasantha et al, 2011). Using the findings from the
literature, ontology was developed (See Figure 6.2) which shows the operant resource
and operand resource as well as the process the operand uses change the operand.
This was required to depict the elements in a capability so that it could be fully
revealed which factors give rise to capability and where within a capability a problem
could arise. Although these aspects were not mentioned in any way during any of the
interviews with industry, they could help to further unravel the nature of capability
and, thus, enhance the SIU Method. For example, the previous interviews with
industry revealed that a way of conceptually decomposing the asset was required for
fault finding. However, for the SIU Method, such a technique should be able to also
apply to services. The operand and operant concept could provide the basis for such a

technique.
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Figure 6.2: Capability class structure
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6.3.2 Validation of the Ontological Depiction

This section describes the validation of the ontological description of capability. The
author conducted it with the collaborating HVAC Consultants. They appear to consider
the system-in-use rather than the product-in-use or the PSS-in-use when developing
conceptual solutions. This understanding of how value is created and how it can be
improved upon could be the reason why they are able to share the risk with clients in
offering higher-level PSS business models.

The validation took place through a workshop, which lasted for two hours. Two
scenarios were described, and in each case a demonstration was given to indicate the
how the ontological description of capability can be used to help:

1. Assess the effectiveness of a given capability

2. Generate possible conceptual solutions
The workshop started with the author giving a short presentation about the research
and the achievements at that stage. During the presentation, a scenario of usage for

the ontology was described (Appendix E).

The Questions and Results of the Ontological Validation

Questions Answers from the HVAC Consultants
1 | Is this ontological description of capability | “We have never thought about an HVAC
your understanding of how capability system this way but this is useful. Yes, we
(say, an HVAC capability) is constructed? look at all aspects of the system but have
Rate this on a scale of 1 to 10. never depicted it this way. It prompts you
not to forget about considering a change
to each part of the system — this can be

rated as 10.”
2 | Is there anything that is missing or that “There does not appear to be anything
should be changed? missing.”

3 | Is this ontological description of capability | “It could be useful for us to check that we

useful in assessing HVAC capabilities and
generating solutions? Rate this on a scale
of 1to 10.

have examined all of the possibilities.
Rating = 10.”

How would you enhance this ontological
description of capability?

“It seems to be complete.”

Table 5.9: The questions and results of the ontological validation
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6.3.3 Genericisation of the SIU Framework Constructs

Meterised
P/~ System Representation

and Analysis

Issue Evaluation

Solution
Proposals

Design
Options

Application
of Design
Options

System-in-Use
Framework

Figure 6.3: The Author’s System-in-Use Framework Constructs
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From this research, the System-In-Use constructs (See Figure 6.3) have been identified
to be:
1. Parameterised System Representation and Analysis
o System Depiction
o Issue Evaluation
= Gap analysis
=  Parameters
o Decomposition
2. Solution Proposals
o Design Options
o Solution assessment
o The Application of Design Options

Each construct is now triangulated, refined and genericised in turn:

1. System depiction

The HVAC Consultants depict the system using a floor plan and they tend to make
mental notes of processes and the location of gaps therein as well as the roles and
responsibilities of the stakeholders. Although this may be adequate for a very small
company dealing with low-cost PSS, for large providers of capital-intensive PSS, a more
deliberate method of sharing information between stakeholders and across many
internal divisions and other companies would be required for PSS development.

As discussed in the literature review (Chapter 2), Service Blueprinting (simple
and extended) could be used for system depiction. However, a means to depict the
environment in which a system is located would have to be added.

The definition of the system should be corroborated, where possible, by other
experts in that particular process, other stakeholders and with archival material. The
HVAC Consultants (whose expertise the SIU Method draws upon) tended not to
corroborate system depictions that they devised; they have considerable expertise in
HVAC systems and the systems they engage with are small so they are able to test the

system limits with sensors. Nevertheless, for large systems, especially ones that can
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spread across many internal divisions or geographical locations, the SIU Method
should explicitly state that the system definition should be corroborated with other

sources.

2. Issue Evaluation
If the method were to be a solely quantitative method then, for the provider to apply
it, their customer's process would have to be transparent to them at, sometimes, quite
a detailed level. However, this sharing of business information and trust between
stakeholders is absent in many industries. However, if the method, in essence, could
be simple enough for a knowledgeable customer to apply it to their own processes;
the suggestions from the Proposals Matrix could then be shared with the provider.
Although it would be more informative for the provider to have access to detailed
existing process depictions and detailed data from that process, at least suggestions to
improve value-in-use would be a step forward. Nevertheless, the method should also
allow partial and qualitative information which a provider may know about a
customer’s process to be utilised. This would mean that the system parameters and
gaps should be able to be described both qualitatively as well as able to be defined
guantitatively.

a. Identification and Development of Generic Parameters for the Method

In the previous Chapter, parameters were specified which were specific to the

systems (and also to the subsystems) that the HVAC Consultants collected data

to indicate:

I. the value loss of a customer’s system which was gauged as the
difference between:
e the actual parameters of the overall system and
e the parameters desired by the customer
II. the location of the value loss within the customer’s system — this was

gauged in one of two ways:
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» The difference between the expected parameters of a subsystem (as
gauged by an expert of that type of process and subsystem) and what
had actually happened.

= By how much an actual parameter of a subsystem contributed to the
gaps in the overall system.

However, in order for the SIU Method to apply across many industries, these
parameters would need to be triangulated with the literature and be
genericised.

With regards to genericising the parameters, functionality (Mont, 2002)
would appear to map to the HVAC Consultants business-specific parameter of
temperature and economic value (Mont, 2002) would appear to map to their
parameter of cost. The responsiveness of the system (how quickly the
capability is achieved) (Toossi, 2012) can be an issue for customers (Toossi,
2012) and this appears to map to the HVAC Consultants business-specific
parameter of the length of time it takes for a certain temperature to be
reached. Availability (Annamali Vasantha et al, 2011) is discussed in the PSS
literature and this appears to map to the HVAC Consultants business-specific
parameter of the times the system or sub-system can be operational (the
availability — the times that it can work).

In the OEE, Availability measures the percentage of time that the asset
was running compared to the available time. This would appear to map to the
Time-Cycle in the SIU Method parameters. Performance measures the running
speed of the asset compared to its maximum capability. Quality measures the
number of parts within tolerance produced compared to the total number of
parts made. This would appear to map to Range in the SIU Method parameters.

For the purposes of this research (and for brevity) these parameters
have been renamed. The mapping of the generic parameters gleaned from the
literature with those of the HVAC Consultants along with how these are

termed for this research is summarised in Table 6.1:
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HVAC Consultants The Generic Parameters The Nomenclature for
Parameters Gleaned from Literature Parameters for this Research
1 | The temperature level Function fulfilment Range: this describes the level
(Mont, 2002). of an effect
2 | The length of time it | Responsiveness (Toossi, Span: this describes the length
takes for a certain | 2012). of time it takes for an effect to
temperature to be be reached.
reached
3 | The times the system or | Availability (Annamali Time Cycle (TC): this describes
sub-system can be Vasantha et al, 2011) the times an effect can be
operational (the operational
availability — the times
that it can work)
4 | The cost Economic fulfilment Cost: the monetary cost of an
(Mont, 2002) effect

Table 6.1: Genericization of the Parameters used by the HVAC Consultants

b. Gap Analysis

As discussed in the literature review (Chapter 2), gap analysis can indicate the

severity of the issue.

3. Design Options

In the previous Chapter, design options were developed based on the HVAC
Consultants understanding of system elements and how each element can be
considered in turn for redesign to improve value in use. With regards to the offending
part of the process (that which contributed most to value loss), replacement
(substitution) would be a natural change to consider as would addition, elimination or
customisation. This is also the case for the consideration of a new conceptual design of
the whole process to achieve the same aim.

When dealing with the receivers of a system within a firm, the HVAC
Consultants consider changing the receiver who experienced issues with the system
with another who is quite happy with that system. This reduces or removes the gaps as
the capability is offered to other receivers or market segments where the gaps do not
occur; this is another Design Option that can be used. This could then mean that the
provider could focus solely on market segments (or receivers) where they would
provide most benefit and so further hone their competences which should lead to
increased specialization. Alternatively, the provider could partner with a company that

can fill the gaps more closely. In S-D Logic, the removal of resistances that can
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negatively impact a process is deemed necessary and this could involve lobbying for
new laws (Vargo et al., 2010). Therefore, the design option which considers changes to
the wider environment should be amended to reflect this. With regards to the local
environment, if an environmental variable is reducing the performance of the process,
then the part of the process that is affected could be enveloped against the effect of
that variable or that variable could be removed.

Rather than just relying on past performance and known solutions, the Design
Options, force each of the elements that make up a capability to be considered in turn;
this allows previously unexamined factors to be considered for redesign and this
should foster innovation.

4. Decomposition: Operand and Operant Resources

For the offending part of a process to be redesigned, the generic elements that can be
considered in that subsystem are: the operand resource, the operant resource (Vargo
and Lusch 2004a) and the way (the process) that the operant resource acted upon the
operand resource to produce an outcome. This means that any subsystem can be
decomposed into its operand resource, process and operand resource. Furthermore,
as systems are recursive, that is, nested (Ng et al, 2012) each of these subsystems are
systems in their own right which can also be parameterised and also decomposed
further. This is pertinent for the development of this method. Functional
decomposition modelling could help identify products and services within a PSS
(Becker et al, 2008) and identify the stakeholders for each so that other supplier tiers
can be explored for solutions.

5. Solution Assessment

As the scope of this research is to inform PSS Conceptual Design rather than to
produce refined solutions; only proposed solutions which do not appear to be much of
an improvement and/or which the customer abhors should be rejected. Other
proposed solutions which appear to satisfy customer needs the most and which the
customer is amenable to should be refined and then evaluated stringently against each
other and against customer needs. However, the production of a developed,

stringently evaluated PSS solution is outside of the scope of this research. Therefore,
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as discussed in the literature review (Chapter 2), a simple evaluation method such as a
Likert Scale For the development of the SIU framework, could be a suitable way for

customers to evaluate alternatives.

6.3.4 Adaptation of the SIU Framework into a Method

To genericize the SIU constructs, using the findings from the literature, the following

adaptions to the SIU constructs are made:

1. System Depiction: Service Blueprinting (simple or extended) will be used.
However, the environments in which the system is located will also be shown as
will the parameters of the system. This type of environment-specific,
parameterised Service Blueprinting will now be referred to as Enhanced Service

Blueprinting. The system depiction should be corroborated by other sources.

2. System and Subsystem Parameters: These have now been termed:
a) Range: this describes the level of an effect
b) Span: this describes the length of time it takes for an effect to be reached.
c) Time Cycle (TC): this describes the times an effect can be operational

d) Cost: the monetary cost of an effect

3. Gap Analysis: The value loss of a system is determined by the difference in the
actual parameters and the desired parameters of the overall system. The value loss
within the system is indicated by either:

a. The difference between the expected parameters of a subsystem (as
gauged by an expert of that type of process and subsystem) and what had
actually happened.

b. By how much an actual parameter of a subsystem contributed to the gaps

in the overall system.
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4. Decomposition: Service Blueprinting facilitates this. Furthermore, the
decomposition of any sub-capability into its operand resource, operant resource

and the process that operand uses also facilitates further decomposition.

5. Solution Assessment: A Likert Scale is to be used so that stakeholders can indicate
the degree to which they expect a proposal to close the gaps. The pre-coded
responses to be used are: “High”, “Medium”, "Low” or, if the design option
appears not to apply, “N/A”. For options which make the gap bigger, a “1*” symbol

can be stipulated and for options which do not change the gaps, a “0” can be given.

6. Design Options: These can be used to generate new designs by considering
changes to various parts of the system (Figure 6.4).
a. Changes that can be considered to the overall system:
i. The environment (local and wider)
ii. A completely new conceptual process
iii. Changing the receiver to one whose needs are met by the system.
b. Changes that can be considered to the part of the system which contributed
most to value loss:
i. Substitution
ii. Customisation
iii. Elimination

iv. Addition
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this Overall Capability to any
customers where these large gaps
appear and focus on clients where the
gaps are small.
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The offending sub-capability New Conceptual Design: Replace the
need for the offending capability with

something entirely different.

Gap-located capability: (location of the The Local Environment —
gaps in the Overall Capability). This could be this could be changed.
substituted with  another capability,

customised, eliminated or added to.

Figure 6.4: The elements in a capability that can be changed

6.4 The System-In-Use (SIU) Method
6.4.1 The Overview of the SIU Method

Using the findings from the literature in Section 6.3.1, the framework is refined into a
method (next) which generates prototype Conceptual PSS Designs by utilising System-
In-Use data. A detailed description of the Steps is listed after the overview of the

method and the techniques that the SIU Method uses are charted in Section 6.4.2 .
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Overview of the SIU Method

Start: The user of the method will start applying the method at the end-user’s value-
creating system (Supplier Tier = 0). In practice, this may not be possible as the focal
company may have very little knowledge of the end-user. However, the method can
still be applied by starting with the customer level that the user of the method does
have knowledge about.

1. Problem Definition - Determines the issue and the system in which the issue arose.
This is depicted.

2. Determine the Gaps in the Overall Capability - Defines the type and extent of the
issue. This can be performed quantitatively or qualitatively™.

3. Determine the Gap-Located Capabilities within the System - Determines where the
issue lies within the system. This can be performed quantitatively or qualitatively.

4. Corroborate the System Definition — Where possible, consult with other relevant
stakeholders, experts and archival material as to the legitimacy of the system
depiction.

5. Operant-Operand Decomposition of the Gap-Located Capability — This decomposes
the issue within the system for further exploration

6. Determine the Stakeholders —suppliers of elements of the system, its customers
and users as well as those who impact upon or are impacted by the system in other
ways (such as legally, socially or environmentally)

7. Comparison of Similar Capabilities - Aids possible solution generation

8. Propose Solutions - Considers changes to the offending part of the system, its
environment, receiver and the whole system. Solutions generated are then evaluated.

9. Next Tier?: There could be an operand or operant resource or process that the
operand used which has contributed to the Gap-Located Capability that could have the
Proposals Matrix (and its design options) applied to it. The resultant Proposals Matrix
should then be presented to that particular supplier as it is that stakeholder that has
the expertise to fully correct and evaluate any possible solutions in that Matrix.

10. Increase the Tier by 1: A methodological check to ensure that the value chain is
considered systematically and then the creation of the Service Blueprint for this Tier.

11. Next Gap-Located Capability? - If the issue has found to lie in more than one part
of the system, then this gap can similarly be explored and solutions generated and
evaluated.

12. Rate and Select Solutions: Rather than rate and select solutions for all of the
Proposal Matrices that have been generated - this allows solutions to be compared
across Matrices.

Lif guantitative data is not available then the heuristic judgment of experts can be used.
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Figure 6.5 : The SIU Method Steps
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Detailed Steps of the SIU Method

START: At the start, the Supplier Tier is set to 0 — this is the receiver (or the Tier
nearest to the receiver) that the applier of the method can collect data from or has
knowledge of. The parameters to collect data for are in Section 6.4.2.

STEP 1: Problem Definition

For any capability in which there is dissatisfaction, start with the end-users

capability (or, if little is known about this, start with the capability nearest to the

end-user from which data can be collected or there is knowledge).

a) Define the Issue:

i. Ifthere is quantitative data available then:

1. Quantify the Issue: Determine which parameter the issue could
refer to (such as cost, range, span or TC) and determine that
issue’s units. Collect data to quantify the issue and other
parameters. This will then help to either confirm or debunk the
reported issue.

ELSE

2. Gauge the Extent of the Issue: Describe how important the issue
is.

ii.  The Severity of the Issue: Check with other stakeholders to determine if
they are aware or have experienced this issue and how important they
believe it to be. This will help to determine how many stakeholders are
affected by the issue and its importance to the stakeholders.

b) Determine the scope of the system: collect data on when the issue arises and
how long it lasts. Note and describe any events or changes and the time they
occurred in that environment when the issue was present. Then compare these
changes and events to when the issue arises — this will help to determine the
scope of the system to be investigated and gauge the frequency of the issue.

c) Depict the System:
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i. If Detailed Systems Analysis has been performed: For simplicity,
Service Blueprinting could be used or, if detailed product operation is a
concern, then Extended Service Blueprinting could be used instead.
Label the environments that each of the capabilities is located in. A
possible data sources is systems analysis .

ELSE

ii.  Use the Heuristic Judgment of Available Experts: create a basic Service
Blueprint of the capability based on the partial information which is
known by the applier. If possible, label the environments that each sub-
capability is located in. Service Blueprinting could be used or, if detailed
product operation is a concern, then Extended Service Blueprinting
could be used. Examples of possible data sources are interviews with

the receivers and owners of the process.

STEP 2. Determine the Gaps in the Overall Capability - This defines the type and extent
of the issue. Examples of possible data sources are interviews with the receivers and
owners of the process, data from sensors and the systems analysis of the process. Add
the gaps to the Service Blueprint.
a) If there is quantitative data available then:
I.  Define the Desired Overall Capability Parameter Values: Determine what
ideally should have happened for there not to have been dissatisfaction.
This indicates the level and type of performance that is required for the
receiver’s goal to be accomplished satisfactorily.
Il.  Determine the Actual Overall Capability Parameter Values:
Collect data on what really happened in the capability in question.

lll.  Find the Overall Capability Parameter Gaps: This is the difference between
what actually happened and what should have happened — this is the gap
between the actual and desired capability.

ELSE

b) Describe the Desired Overall Capability Parameters: Describe the gaps of the
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Overall Capability.

STEP 3. Determine the Gap-Located Capabilities within the System:
l. If there is quantitative data available then:

a) Define the Actual Sub-Capability Parameter Values: Find the actual
parameter values for each of the sub-capabilities in the capability. This
indicates how each sub-capability actually behaved.

b) Determine the Gaps within the Capability: This can be accomplished in
one of two ways:

I. By Expert Assessment:

e Define the Desired Sub-Capability Parameter Values: To do this, an
expert in that process and the sub-capability in question can state
the parameters of how the sub-capability should have behaved in
order for the gaps not to be present in the overall capability.

e Find the Actual Sub-Capability Parameter Values: this is how each
sub-capability actually behaved. Examples of data sources are
sensors and in-service records.

e Determine the Sub-Capability Parameter Gaps: Determine which
sub-capabilities of the system contributed most to the issue by
finding the difference between the actual sub-capability parameter
values and the desired sub-capability parameter values.

Il. Gap Contribution to the Overall System:

e Find the Actual Sub-Capability Parameter Values: this is how each
sub-capability actually behaved. Examples of data sources are
sensors and in-service records.

e Gauge the proportion to which a sub-capability’s parameter has
contributed to the same parameter in the gap of the overall
capability.

ELSE

Il Describe the Gap-Located Capabilities within the Capability: Describe where
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the gaps within the capability(s) are estimated to be situated (which sub-

capability(s)).

The sub-capability(s) with the largest gap(s) become the Gap-Located Capability(s).
Add this to the Service Blueprint. For large gaps, decompose the sub-capability by
creating a more detailed blueprint of it and, again, find the gaps. This can be repeated
until the lowest level of decomposition is reached. The sub-capability(s) with the

largest gap(s) become the Gap-Located Capability(s). Add this to the Service Blueprint.

STEP 4. Corroborate the System Definition: Where possible, consult with other
relevant stakeholders, experts and archival material as to the legitimacy of the system

depiction.

STEP 5. Operand-Operant Decomposition of the Gap-Located Capability: Each Gap-
Located Capability can then be decomposed into its constituent parts of: operant
resource, the operand resource and the process by which the operant resource
changes the operand resource. If there are several large Gap-Located Capabilities then,
rather than decompose each one, they could be grouped and an Operand-Operant
Diagram could be created to show the relationships between them; this will allow a

common solution to be found later.

STEP 6. Determine the Stakeholders: Define the stakeholders responsible for each

part of the Gap-Located Capability.

STEP 7. Comparison of Similar Capabilities To help determine if different
environments or types of use could be the cause of the gaps and to help generate
possible solutions, comparisons can be made (if such data or knowledge is available) to

other similar capabilities where the gaps do not appear or where the gaps are reduced.

STEP 8. Propose Solutions: With the assistance of relevant stakeholders and experts
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(if available), apply the third Design Option (Changes Regarding the Offending
Capability) in the Proposals Matrix to the operant, operand and operant’s process in
the largest Gap-Located Capability. Then apply the first, second and fourth Design
Options to the Overall Capability. Each of the solutions could be stated as a question

for the stakeholders to answer.

STEP 9. Next Tier?: If desired, another supplier Tier could be explored. There could be
an operant resource, operand resource or process that the operant uses which has
contributed to the Gap-Located Capability that could be decomposed further and then
the Proposals Matrix could be applied to it. The resultant Proposals Matrix can
eventually (outside the scope of this research) be presented to that particular supplier
as it is that stakeholder who would have the expertise to fully correct and evaluate any

possible solutions.

STEP 10. Increase the Tier by 1: A methodological check to ensure that the value chain

is considered systematically and creation of the Service Blueprint for this Tier.

STEP 11. Next Gap-Located Capability?: If there is more than one Gap-Located
Capability, then this can be examined similarly; this then becomes the largest Gap—

Located Capability to examine.

STEP 12. Rate and Select Solutions: Each solution can then be estimated by the
applier as to the extent that it should close the gaps (as High, Medium or Low). If a
solution cannot be generated for that type of redesign then “N/A” (Not Applicable) is
stated. For options which make the gap bigger, a “1*” symbol can be stipulated and for
options which do not change the gaps, a “0” can be given. The solutions can then be

shared with the stakeholders.
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6.4.2 Techniques used by the SIU Method

1. System Depiction: Service Blueprinting (simple or Extended) will be used. However,
the environments in which the system is located will also be shown as will the
parameters of the system. This type of environment-specific, parameterised service
blueprinting will now be referred to as Enhanced Service Blueprinting.

2. Capability Parameterisation (System and Subsystem Parameters and Gap
Analysis):

Examples of how the data could be collected: from sensors or in-service
records. The overall capability is parameterised as actual and desired parameters. The
difference between the actual overall capability parameters and the desired overall
capability parameters give the overall capability parameter gaps. See Figure 6.6 for an

example (a package-delivery capability).

ACTUAL OVERALL CAPABILITY DESIRED OVERALL CAPABILITY OVERALL CAPABILITY
PARAMETER VALUES PARAMETER VALUES PARAMETER GAPS
Span: 3 days Span: 1 day Span: 2 days
Cost: £20 Cost: £15 Cost: £5
TC: 98% TC: 99% TC: 1%
Range: Delivery of packages Range: Delivery of packages Range: None
under 15kg under 15kg

Figure 6.6: An example of the parameters for an Overall Capability for Delivering Packages

Each sub-capability is parameterised similarly. Determining the gaps within the system

can be accomplished in one of two ways:

b) By Expert Assessment:
Define the Desired Sub-Capability Parameter Values: For each sub-capability,
define the desired parameter values for each of the sub-capabilities in the
system. To do this, an expert in that process and sub-capability could state the
parameters of how the sub-capability should have behaved in order for the gaps
not to be present in the overall capability.

c) Gap Contribution to the Overall System:
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For any given parameter gap in the overall capability, gauge the proportion to
which each sub-capability’s corresponding parameter has contributed to it. The

parameters and examples of units that could be used are in Table 6.2.

Parameter Types Examples of units that could be used
1| Range: this describes the level of an | This depends on what the capability is.
effect Examples are temperature and weight.
2| Span: this describes the length of time it | This could be expressed in minutes, hours,
takes for an effect to be reached. days, weeks, months or years.
3| Time Cycle (TC): this describes the times | This could be expressed as a percentage of
an effect can be operational for use. time or the days of the week or hours that
the effect can be available.
4| Cost: the monetary cost of an effect Pounds, pennies or fractions of a penny
could be used.

Table 6.2: Parameters in the SIU Method and examples of units that could be used

3. Operand-Operant Diagrams

Service Blueprinting (simple and Extended) facilitates decomposition as each sub-
capability (product or service) in any blueprint can then be blueprinted in its own right
to reveal its internal operation. In addition to this, any sub-capability can be
decomposed into its operand resource, operant resource the process that operand
uses and the environment: this allows for how an effect was created to be examined.
For a Gap-Located Capability, an Operand-Operant Diagram can be created which is a
new technique which has been devised for the SIU Method. The elements of the

diagram are shown in Figure 6.7:

ENVIRONMENT

Process
Benefit
» created

Operant Resource Operand Resource Outcome

Figure 6.7: An Operant-Operand Decomposition Diagram
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4. The Application of Design Options and Solution Assessment

The Proposals Matrix (Table 6.4) is also a new technique that has been devised for the
SIU Method. It allows the Design Options in Table 6.3 (a new construct which has also
been devised for the SIU Method) to be applied to the system so that new designs can

be generated which close the gaps.

Table 6.3: The Design Options

Types of Generic Change

1) NEW CONCEPTUAL DESIGN

Basically replace the need for the whole capability with something entirely different (a new process) to
meet the same goal (the overall aim) - a new Conceptual design.

2) MARKET SEGMENT/RECEIVER SHIFT

Do not offer this Overall Capability to any market segment or receiver where these large gaps appear
and focus on markets or receivers where the gaps are small; this should lead to increased specialization
for the capability provider. Alternatively, partner with a provider that can fill the gaps more closely.

3) CHANGES REGARDING THE OFFENDING CAPABILITY :
The operant(s), operand(s) and the operant’s process(es) within the gap-located capability
can each (or any combination thereof) be considered for redesign in the following ways:

a) SUBSTITUTE - Find substitutes that could reduce or remove the gaps for the offending
capability.

b) ELIMINATE - Simply remove the offending capability and do not replace it with anything.
However, there could be ramifications for other phases in the lifecycle or for higher or
lower capabilities in which this capability is embedded.

c) ADDITION - Add a capability alongside the offending capability to reduce or remove the
gaps.

d) CUSTOMISE - Modify the offending capability so that the gaps will be reduced or
removed.

4) ENVIRONMENTAL CHANGE

a) CHANGE LOCAL ENVIRONMENT - Change the environment around the offending capability.
If an affecting environmental variable is reducing the performance of the capability then that
capability could be enveloped to protect it from this variable or that variable could be
removed.

b) CHANGE WIDER ENVIRONMENT - Make changes to the wider environment which could
close the gaps. This could involve petitioning local government to reduce or remove the
affecting variable. If constraints such as standards, policies or regulations are contributing to
the gaps and if there are no processes which the capability would adversely affect if the
constraints were removed, then this could suggest that these constraints should be
questioned.
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For each parameter gap in the Gap-Located Capability, a column can be added to the
Matrix stating the parameter: in the example Proposals Matrix (Table 6.4), there are
two parameters gaps in the Overall Capability. Option 3 (Changes Regarding the
Offending Capability) is applied to the Gap-Located Capability which contributed most
to value loss and Options 1, 2 and 4 apply to the overall process. Each element in the
capability to which design options are to be applied are in the left-hand Column of the
Proposals Matrix in Table 6.4. A full description of the Design Options for the
Proposals Matrix are listed in Table 6.3.

To appraise the solutions, “High”, “Medium” or "Low” or, if the design option
appears not to apply, “N/A” can be stipulated. For options which make the gap bigger,
a “IM” symbol can be stipulated and for options which do not change the gaps, a “0”
can be given. The solutions that close the gaps the most and which are acceptable can

then be ringed or highlighted.

RATING

Types of Generic Change
for the Use Phase Overall Overall Application to this Case

Parameter Parameter

gap 1 gap 1
decrease decrease

1) NEW CONCEPTUAL DESIGN

2) MARKET SEGMENT/
RECEIVER SHIFT

3) CHANGES REGARDING THE OFFENDING CAPABILITY

a) SUBSTITUTE

b) ELIMINATE

c) ADDITION

d) CUSTOMISE

4) ENVIRONMENTAL CHANGE

a) CHANGE LOCAL
ENVIRONMENT

b) CHANGE WIDER
ENVIRONMENT

Table 6.4: The Proposals Matrix
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6.5 Support for the User of the SIU Method

6.5.1 Comparison of the Usefulness of a Tool against a Workbook

The original intention of this research was to develop a framework to utilise data from

a product-in-use or PSS-in-use and then to develop a tool which would direct the user

of the tool through the framework steps and perform background processing of the

quantitative data. However, during the course of this research, the research aims

changed considerably:

Rather than product-in-use data, from the research that was conducted, it became
clear that it is system-in-use data which indicates the degree of value-in-use that
the receiver obtains. Because of this, it is system depiction, parameterisation,
decomposition and the heuristic judgement of experts to apply design options
which are the cornerstones of the SIU method. However, originally, it was expected
that extensive processing would be required of quantitative data and that the
results of this would be mapped to various PSS designs. However, the SIU Method
performs the very simple data processing of finding the difference between
parameters.

Rather than processing quantitative data and mapping that to PSS types, the SIU
Method facilitates the consideration of redesigning any and all of the elements in
the customer’s value creating system. This allows simple conventional changes to
be evaluated against any PSS suggestions. Significantly, it has emerged that PSS
Conceptual Design is essentially process design. Here, the customer’s value
creating system is redesigned which may generate basic product and service

specifications, some of which could be offered by the provider.

These points were raised in three workshops, each of which lasted for an hour, which

were held as to the opinion of academic and industry experts who were familiar with

this work and who had expressed an interest in having their colleagues instructed in

the method and applying the SIU Method at their place of work. Each was asked as to

how the development of a tool could support a user of the SIU Method. The

participants in the separate workshops with the author were:
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e Workshop 1: A senior academic in PSS and engineering.

e Workshop 2: Two senior managers from the afore-mentioned HVAC Consulting
Company.

e Workshop 3: A senior academic in PSS and aero engines, who is also employed as
an engineering specialist within aero engine firms that provide capital-intensive,
industrial and technical PSS

There was consensus that, at this stage, a software tool would not add anything to the

usability of the method: the steps were reasonably straight forward and the

calculations were simple. Furthermore the techniques used were basically flowcharting
techniques (Service Blueprinting), a simple decomposition technique (Operand-

Operant Diagrams), form filling (the Proposals Matrix) and simple rating (the Likert

Scale which is used in solution assessment). Each suggested that a workbook would be

the greatest support to the user of the SIU method where the method background and

steps could be clearly explained in a user-friendly way. For the form of the workbook,
the consensus was that the workbook should follow the general format of a user
manual and use a case study to illustrate the SIU Method. It was agreed that the
structure of the workbook should contain an overview of PSS, PSS Conceptual Design

and an overview of the SIU Method and its techniques.

6.5.2 Workbook Development

The SIU Method and the Workbook that was produced is validated in Chapter 7. The
first draft of the workbook had the SIU Method illustrated by reference to the laser job
shop case study (Section 7.2). The Workbook was firstly applied to a domestic heating
issue (See Chapter 7) by an English teacher (a non-technologist) who had little prior
knowledge of PSS; this was done to assess the usability of the workbook by someone
who had very little knowledge of PSS or engineering. The Workbook was then applied
by an expert civil engineer who also had little prior knowledge PSS. The HVAC
Consultants were also asked for their opinion of the workbook (See Chapter 7) and,
based on their feedback, the Workbook was revised. This was then presented back to

each of these validators. There were three such cycles of revision to the workbook.
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When the fourth version of the workbook was produced and presented to the
validators, no further amendments or revisions were made.
An award from Cambridge University’s KT-BOX was won for the Workbook’s
industrial applicability.
The current version of the workbook is appended (Appendix F) and the final

version is to be released shortly as a Kindle book on amazon.co.uk.

6.6 Summary and Key Observations

In this Chapter, it was shown how the SIU Framework was refined and genericized into
the SIU Method by triangulation with reviewed literature. This Chapter also presented
the rationale behind the development of the SIU Methodology as a workbook.

e Section 6.3 showed how the SIU Framework which was developed in Chapter 3 and
then refined in Chapter 4 was genericized and refined into the SIU Method by a
review and triangulation with the literature.

e Section 6.4 showed the resultant structure of the SIU method along with the
techniques it uses. Some of these are new techniques which were developed
specifically for this method. These new techniques are:

o Capability Parameterisation: this is accomplished by using the generic
parameters of range, span, Time-Cycle (TC) and cost.

o Enhanced Service Blueprinting: here, Service Blueprinting (simple or
Extended) is made environment-specific and parameterised

o Operand-Operant Diagrams: these allow a sub-capability to be
decomposed into its operand and operant resources as well as the
process that the operand uses.

o The Design Options: these allow various changes to the part of the
capability which contributed most to the overall gaps to be considered
as well as changes to the capability’s environment (local or wider) along
with changing the receiver of the capability and changing the whole

capability.
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o The Proposals Matrix: this allows the design options to be applied, the
expected reduction in gaps to be rated and the acceptability of the
proposal to be stated.

e Section 6.5.2 discusses how the decision to produce a Workbook was arrived at.

In the next Chapter, the SIU Method is applied to various case studies in different
industries in order to exercise the paths of the method and to assess its effectiveness
when applied quantitatively as well as qualitatively. Furthermore, detailed validation
sessions with industrial experts will be presented to test the credibility of this research

and, specifically, the usefulness of the SIU Methodology and the supporting Workbook.
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7 Validation

7.1 Introduction

In Chapter 6, the author presented the development of the SIU methodology along
with the techniques it uses and the decision to produce a Workbook. The purpose of
this Chapter is to detail the validation sessions of the Workbook that took place at the
concluding stage of this research.

Each of the validation sessions in this Chapter were accomplished by applying
the SIU Method to case studies. These were used to exercise the different versions of
the method (quantitative and qualitative), the different paths (iterations of tier
analysis and solutions, iterations of gap analysis and solutions), the techniques that the
Method uses and the usability of the Workbook (See
Figure 7.1). The case studies allowed each Validator to apply the SIU Method to an
issue they were familiar with in their domain area so that it could be evaluated as to
whether the application of the method produces results that were more useful than
how they would normally address the issue. To further test the usability of the
Workbook, it was also applied by a non-technologist to a domestic heating issue they
had.

For every validation, the author:

e Discussed one or more issues with each validator that they had with regards to
satisfying an outcome that they desired. The author and validator then
selected an issue and an appropriate version of the SIU Method to apply to
that issue. The issue selected depended on the availability of data (that is,
access to the process which gave rise to the issue or access to experts who had
knowledge of the process) and the time estimated to conduct the validation.

e Instructed the validators as to the theory underpinning the SIU Methods as
well as how to apply the SIU Methods

o Assisted the validators in applying the SIU Method and, afterwards,
interviewed them as to the merits and demerits of the Method.

The types of validations and validators are summarised in the next table:
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Case Study Validator(s) The type of SIU Paths in the Method

Application

|II

1 | A laser-cutting (a | MD of the laser job | Quantitative “pul e 1 iteration of gap

component making) | shop, AILU, HVAC analysis
process.

2 | Aero engine value | Expert in aero | Qualitative, “pull” e 2 |lterations of gap
chain (encompassing | engines and analysis and solutions
the airline, aero | academic leader in e 4 |Iterations of tier
engine, engine | PSS. analysis and solutions

components and the
material supplier)

Domestic heating | Non-technologist and | Quantitative, “pull” | ¢ 1 Iteration of gap
3 | issue and building | no previous analysis and solutions
design knowledge of PSS e 2 lterations of tier
HVAC Experts with analysis and solutions
knowledge of PSS

Expert civil engineer
with  no previous

knowledge of PSS
4 | Truck Driving | Expert in gathering | Qualitative, “push” | ¢ 1 iteration of grouped
Instruction customer gaps
requirements for
technological
solutions.

5 | Fault Reporting Expert in gathering | Qualitative, “pull” e Application of the
customer Method to generate a
requirements for solution
technological e Application of the
solutions. Method to refine a

product

Table 7.1: The Validations, Validators and Type of Validation

After the Workbook had been applied, the Validators were interviewed with regards to
the merits and demerits of the SIU Method. In Validation 1, the SIU Method was
Evaluated. For Validations 2 to 5, the techniques the SIU Method uses and the
Workbook was also validated. These five validations will now be presented in the
following sections:

e Section 7.3 presents Evaluation 1

e Section 7.3 presents the Validation 2

e Section 7.4 presents Validation 3

e Section 7.5 presents Validation 4

e Section 7.6 presents Validation 5
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Feedback on the Workbook Elements

User Manual Format

Explanation of the SIU Method and Techniques
[llustration of the Method with a Case Study
Overview of PSS and PSS Conceptual Design

Validation on Techniques Used
Techniques Used by the SIU Method:

e System Depiction

¢ Operand-Operant Diagrams
e Parameters

e Gap analysis

e Design Options

e Solution assessment

Overall
Validation

Figure 7.1: Elements of the Overall Validation
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7.2 Validation 1: A Laser-Cutting Process
A Real-Time Application

7.2.1 Introduction

Laser systems are capital-intensive, technical and infomated industrial products.
Typically, laser system OEMs integrate laser technology into a laser system which they
then often offer as a PSS where the laser system is bundled with maintenance services.
Laser job shops are essentially factories that use laser systems to laser-cut components
for their clients. This value chain was explored to select a case study against which to

validate the SIU Method:

Laser Technology Laser Systems Laser Job Shop
Supplier Provider (OEM)

Figure 7.2: The Laser Systems Value Chain

To apply the proposed method, a case study with a laser job shop was conducted. The
selected case study has been defined using a limited set of parameters to allow the
process to be followed more easily. Although Extended Service Blueprinting could
have been used for this case study, Service Blueprinting is used here to aid clarity and
also because detailed product operation is not the issue in this particular case, as will
be shown later.

The case study company is a laser job shop which provides laser cutting
services to industry that, typically, comprise of the cutting and then a delivery service
of metal component products based on their client's CAD drawings. The overall
capability here is to provide laser cut parts quickly and at low cost. The reliability,
speed, uptime and the ease of use of their series of laser cutting machines was
extremely high and the bundled maintenance service was speedy and effective;
certainly, the laser job shops, overall, were really quite satisfied with this.
Nevertheless, from the interviews, it was apparent that some of this laser job shop's
clients were unhappy with the length of time it took from instructing the job shop to
the time that the parts were delivered. For these clients, the costs were also high

which made the job shop uncompetitive. This was an issue because, from interviews
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with three laser job shops, it appears that laser-cut parts have been commoditised;
generally, the capability to cut laser parts tends to be fairly uniform amongst the laser
job shops and so, at the moment, it is just speed and cost that tends to differentiate

the job shops.

7.2.2 Methodology

The first step involved meeting with a senior academic and expert in industrial laser
systems who is involved with PSS projects who presented a summary of issues within
the laser systems manufacturing industry as well as issues that their customers have.
The type of evaluation of the SIU Method was discussed and it was decided that
applying the SIU Method to a real, on-going case study in the laser manufacturing
and/or laser user industries (rather than to an example scenario) should allow the
overall Method to be tested more fully. During this phase, the samples as well as the
participants were identified by reviewing archival material, emails and previous
contact relating to the business, responsibilities and expertise of each of the potential
participants and their company.

At each exploratory interview (below), the aims of the research (as presented in
Chapter 3) and an overview of the SIU method (as in Chapter 6) were presented then a
semi-structured, exploratory interview (See Appendix G and Appendix H for the
interview questions) was conducted to discover their AS-IS practice for using field data
to influence PSS Conceptual Design and to source possible case studies to apply the
SIU Method to in order to assess the method’s merits and demerits. Each interview

was recorded and then later transcribed.
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The Methodology followed is outlined below:

1. Aliterature review on themes related to the study had been conducted before the

investigation at the company. Where possible case studies to be used for validation

were identified.

2. The author attended a one week course on the technical aspects of laser cutting

Literature Review

—~

Attendance of a 1 week course in laser
systems

—~

Attendance of a Laser System (OEM)
Provider’s Open-Day

~

2 exploratory Interviews with a Laser
System Provider (OEM)

-

1 exploratory Interview with a Laser
Technology Supplier

~ L

3 Laser Job Shop exploratory Interviews
and observation of job shop processes

-

Case study selection and application of
the SIU Method

~L__ L

Report on the case study was produced
and sent to the firm

~__

Application and Evaluation of the SIU
method

~_ L

Presentation of the case study at the
AILU Annual General Meeting)

~<_5>

Peer review of the SIU Method by
Journal Publication and by Conference.

Figure 7.3: The steps followed to evaluate

the SIU Methodology

and welding systems.

3. The open-day of a Laser System OEM
(that provides product-related PSS) was then
attended where an overview of the
company was presented along with their
laser systems.

4. Two exploratory interviews were
then held at that company with a senior
sales manager and a senior technology
manager.

5. An exploratory interview was held
with a senior sales manager at a laser
technology supplier company (that provides
product-related PSS).

6. Three separate meetings were then
held with the managing directors of three
different laser job shops who are customers
of the Laser System OEM. At each job shop
an exploratory interview was conducted and
then the factory floor was visited so that a
walkthrough of typical laser job shop
processes could be conducted.

7. From the interviews, various case

studies where there had been a customer

issue had been detailed. From these, a case

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data|119



Chapter 7: Validation

study was selected which appeared to have more complexity than other case
studies and for which the data relating to the case study had been made available.
The researcher then applied the SIU Method to the case study.

8. A report was then created on the application of the SIU Method to the case study
which was then sent to the managing director of the job shop concerned.

9. To evaluate the SIU method, Interviews (Appendix J) were then conducted with:

I.  The Managing director of the laser job-shop
II.  Two senior managers from the HVAC Consultants firm
lll. A respondent who, as well as being a senior and leading academic in PSS and
aero engines, is also employed (for over fifteen years) as an engineering
specialist within aero engine firms that provide capital-intensive, industrial and
technical PSS.

10. The case study and how the SIU Method was applied to it was then presented at
the AILU (Associated Industrial Laser Users) Annual General Meeting which is
attended by representatives from laser job shops (including the three managing
directors who had been interviewed) and the laser OEM that had been
interviewed.

11. Peer review of the SIU Method also took place by Journal Publication and by

Conference.
Participants Years of experience

Senior Sales Manager (Laser Systems OEM ) 8
Senior Technology Manager (Laser Systems OEM ) 7
Senior Sales Manager (Laser Technology Provider) 6
Managing Director at Job Shop 1 18
Managing Director at Job Shop 2 15
Managing Director at Job Shop 3 11
Technical Director from the HVAC Consultants firm 15
HVAC Consultant from the HVAC Consultants firm 5
A senior engineering specialist within aero engine firms that 8
provide capital-intensive, industrial and technical PSS.

A senior academic in PSS and management 6
A senior academic in PSS and engineering 5

Table 7.2: Job roles and years of experience of the interviewees
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DATA COLLECTION and FEEDBACK No. Of Time

Interviewees (hrs)

2 separate, exploratory interviews; each with a senior sales manager at a

laser OEM. 1+1 1.5+15
An exploratory interview with a senior sales manager at a laser 1 5
technology supplier company.

3 Separate visits to 3 laser job shops 1+1+1 34344
Evaluation of the SIU Method with the Managing Director at Job Shop 3 1 1

Evaluation of the SIU Method with a senior engineering specialist within
aero engine firms that provide capital-intensive, industrial and 1 1.5
technical PSS.

Evaluation of the SIU Method with the Technical Director and the HVAC
Consultant from the HVAC Consultants firm

Discussion with a senior academic in PSS and management regarding
the refining the SIU Method

Workshop with a senior engineering specialist within aero engine
firms that provide capital-intensive, industrial and technical PSS 1 2
regarding the Workbook or tool creation

Workshop with the Technical Director and the HVAC Consultant from

the HVAC Consultants firm regarding the Workbook or tool creation 2 1

Workshop with a senior academic in PSS and engineering regarding

Workbook or tool creation 1 1
Total 24.5

Table 7.3: Respondents and the time for data collection

7.2.3 Application of the SIU Method to a Laser Job-Shop Case Study
STEP 1: Problem Definition

This issue (that some of this laser job shop's clients were unhappy with the price of the
components and length of time that it took from instructing the job shop to the time
that the parts were delivered) had already been investigated and confirmed by the
managing director of the laser job shop who also had scoped out the capability from
which the issue had arisen. From the details of the issue and the process which were
given by the managing director, a primary Service Blueprint for the laser cutting service
(the overall capability) in which the PSS from the laser OEM (the laser machine and the
corresponding maintenance service) is embedded was created (Figure 7.4).This was
then parameterised as span (the length of time that it takes for the capability to be

effected) and cost (the cost of the capability). See Figure 7.4 — the Blueprint.
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STEP 2: Find the Overall Capability Parameter Gaps

a) Define the desired overall capability parameter values — For a particular client
of the job shop, the desired span was 0.5 days with a cost of £700. See Figure
7.4 — the desired overall capability parameter values.

b) Define the actual overall capability parameter values — The time from when the
job shop received the request for laser-cut parts until the time that the driver
reported that the parts had been delivered. See Figure 7.4 — the actual overall
capability parameter values.

c) Find the overall capability parameter gaps — The difference between the
Desired Parameter Values and the Actual Parameter Values were then
surmised as a difference in span of 1.5 days and a difference in cost of £300.

See Figure 7.4 — the overall capability parameter gaps.
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THE EXISTING LASER CUTTING SERVICE (USE PHASE)

ACTUAL OVERALL
CAPABILITY PARAMETER
VALUES

Span: 2 days

CLIENT

Gierﬂ: requestsa quaote >

Prepare CAD
drawings

LASER 10B SHOP|

Cost: £1000

DESIRED OVERALL OVERALL CAPABILITY
CAPABILITY PARAMETER GAPS
PARAMETER VALUES
Span: 0.5 days Span: 1.5 days
Cost: £700 Cost: £300

C_'-'.tcrre lase r-cut par‘ts>

—————————————————————————————————————————————————————————————————————————————————————————— ? -——-Line of interaction

Lasered parts are
handed over

——————————————— Line of visibilitw
UK roads & motorways

Cost gap: £50
Spangap: 0.25 days

Cost gap: none
Spangap: none

Cost gap: none
Spangap: none

Cost gap: none
Spangap: none

Cost gap: none
Spangap none

Cost gap: £250
Spangap: 1.25 days

Quote is negotiated

CAD file preparation

Laser machine

Delivery

Scheduling and Job
preparation

-

Y

operation

Unpick and pack

¥

parts

LASER SUPPLIER b

Servicing/

Figure 7.4: Blueprint for the current laser cutting service
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STEP 3: Find the Gap-Located Capability(s) Within the System

a)

b)

c)

d)

Define the desired sub-capability parameter values — Each element in the capability
(in the Service Blueprint) is a sub-capability and these were also similarly
parameterised.

Define the actual sub-capability parameter values — For the parameter of span, the
length of time that it takes for each sub-capability to complete was calculated from
when it was started until the time it instructed the next sub-capability. For the
parameter of cost, the cost of each sub-capability was estimated based on the
plant, machinery and staff used for the duration of that capability in this instance.
Find the sub-capability gaps — Differences between each sub-capability's actual
parameter values and its desired parameter values were reckoned — this gave the
gaps for the sub-capabilities. See Figure 7.4 — the sub-capability parameters of cost
and span. The proportion that each sub-capability gap contributed to the actual
overall capability parameter gaps were then gauged. It was found that the sub-
capability of “Delivery” contributed most of all — this gave the gap-located
capability — the location of the gap within the capability.

Service Blueprint Decomposition — When the “Delivery” sub-capability was
decomposed Figure 7.5 , it was seen that the size of the parameter values for
Travel to the customer of span (the amount of time travelling) and cost dictated the
size of the span and cost in the higher (the super-ordinate) capability of Delivery of

Lasered Parts: this gave the cause of the gap.

Cost gap: £15
Span gap: 0.5 days

Cost gap: £20
Span gap: 0.05 days

Cost gap: £215
Span gap: 0.70 days

Prepare truck and
commission driver

Load truck

Travel to the
customer

Figure 7.5: A decomposition of the sup-capability of delivery

For some of the clients of this laser cutting service, delivery took at least half of the

total time (the span) and greatly increased costs. For example, although an order of

laser-cut parts could be obtained, laser-cut and delivered all in one day for a

reasonable price, this process could actually take two or more days if the client was
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situated a long way from the job shop. This long delivery distance also resulted in a
much higher cost. When the Enhanced Service Blueprint was presented to the MD of
the laser job shop, no discrepancies were found.

STEP 4: Corroborate the System Definition

The enhanced Service Blueprint was shown to the MD for him to corroborate the

system definition.

STEP 5: Operand-Operant Decomposition of the Gap-Located Capability

ENVIRONMENT : UK Roads

Process
Travel to the
» Customer

Operant Resource Operand Resource Outcome

Figure 7.6: Operand-Operant Decomposition of the Travel to Customer Sub-Capability

STEP 6: Determine the Stakeholders

The stakeholders in the gap located capability are the:
e The MD of the laser job shop

e Thedrivers

e The customers

STEP 7: Compare the Capability to Other Similar Capabilities

The span of the delivery for these clients was also compared to the span of delivery to
other clients where there were very small or no Overall Capability Gaps; all of these
showed that these deliveries had a small amount of time and cost — these were local
deliveries. Thus, the amount of kilometres between the customer and job shop

showed direct proportionality to the size of the gaps in the overall capability.

STEP 8: Propose Solutions

e Apply the Proposals Matrix: From the gaps, a Proposal Matrix was constructed
(Table 7.4). The first column postulates several generic ways that any capability can be

changed by changing separate elements in the system. It is then for the job shop with
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perhaps the help of their provider and any relevant experts as well as their client to
apply the generic recommendations to their unique situation (the last column in the
Matrix - Table 7.4). Although statistical techniques could have been used to develop
comparisons of the time and cost of travel as compared to the Overall Cost of the
capability and hence pinpoint disproportionate time delays and costs due to deliveries,
in this case this was achieved qualitatively from interviews with the job-shop.

¢ Appraise the solutions — These specific recommendations can then be evaluated and
rated for the particular case in hand (Table 7.4— last column). From the Proposals
Matrix, it was clear that, for clients who are far from the job shop, it was the great
distance which caused the large gaps of time delay and cost. From the interviews, this
job shop was keen to retain their larger clients, some of whom spend in excess of a
million pounds per year on laser-cut parts. The job shop's concern was that these
clients may either decide to use a more local job shop to eliminate the gaps regarding
speed and cost or that, in the near future, there could be laser manufacturers who
could offer their clients a new generation of machines that are more easily operable or
that are bundled with operator services and offered on a pay-per-use (availability)
basis, thus bypassing the need for a laser job-shop. At this stage, the proposals are
evaluated to see which ones could be worth considering further. The degree to which
each proposed solution is anticipated to close the gaps of span and cost are rated as
high, medium or low and then to further refine and assess the potential solution (this
part is outside of the scope of this research), the exact degree to which these gaps
should actually close can then be ascertained by assessing the capability of all of the
stakeholders to close these gaps. In the Proposals Matrix, the job shop rejected
proposals 1 or 2 as both of these solutions were totally unacceptable to the job shop
although both of these would completely close the gaps. Proposals 3b and 4a were
accepted for further assessment of their acceptability as well as the capability of the
stakeholders to effect them. Figure 7.7 offers a basic Service Blueprint for the strategy
of putting a laser cutting machine onto the client's site. It can be seen that the line of
visibility shifts so that the processes involved become more transparent to the client. It

should be noted that this close partnering could actually be counter to the interests of
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the laser job-shop as, with time, such transparency could cultivate the client into
devising their own services.

The PSS solution of installing a laser cutting machine on the customer's site
introduces a new risk for the laser job shop; that is, that the job shop's knowledge and
processes may become too transparent to the client. The alternative solution to set up
a job shop in the vicinity of the client would help the job shop to protect their
knowledge. The relative merits of these solutions will be discussed in the following

section.

STEP 9: Next Tier?

There is no wish to examine an operant, operand or process belonging to a
lower Tier.

STEP 11: Next Gap?

If there is more than one Gap-Located Capability, then the next largest one can be
examined similarly, reiterating the method from Step 5; this then would then become
the largest Gap —Located Capability to examine. In this case, there was only one Gap-

Located Capability so the application of the SIU method ended here.
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Application to this Case

The clients could laser cut their own parts. This would totally remove the need for not just delivery but also the need

RECEIVER SHIFT

CONCEPTUAL of this client for the whole laser-cutting capability as currently supplied by the laser job shop. The job shop could
DESIGN High High receive a large remuneration at the initiation stage for installation and staff training and could be employed at the
use phase as consultants. However, this would be far less than what they receive by supplying parts — not acceptable.
2) MARKET High High Faraway , smaller clients could be abandoned although large, important clients should be catered for. Partnering with
SEGMENT/ other job shops local to the client could mean a huge loss in revenue and margins are already tight - not acceptable.

3) CHANGES REGARDING THE OFFENDING

CAPABILITY

Operant Resource (Truck): Alternative methods of transport: There would still be a large time delay even if faster

ENVIRONMENT

L L
a) SUBSTITUTE ow ow trucks were used. Planes or trains could be very costly and there would still be a time delay.
Low Low Operand (Driver): There would still be a large time delay even if more competent drivers could be sourced.
b) ELIMINATE — _m Operant Resource (Truck), Operand (Driver), Operand’s Process (Driving): Totally eliminate the need for delivery
'8 '8 > along with its associated costs and time delays. The job shop could place a laser cutting capability on the client’s site.
A Nevertheless, there would be a large cost and a time delay in setting this up at the initiation phase of this solution.
Low Low Operant (Truck): If road works held up the drivers, then an up-to-date satellite navigation system could help to
c) ADDITION speed up the journey. Current systems could be updated to provide a small improvement.
Low Low Operant Resource (Driver): There would still be a large time delay and cost even if the drivers were trained further.
d) CUSTOMISE
Low Low Operant Resource (Truck): There would still be a considerable time delay and cost even if the trucks were made
faster or more suitable for the terrain.
4) ENVIRONMENTAL CHANGE
a) CHANGE LOCAL Lioh High The only environmental variable that impacts upon this capability is distance. If this could be reduced or eliminated
ENVIRONMENT '8 '8 then the gaps would close; moving closer appears to be the only way to apply this. A laser cutting facility could be set
up on or close to the customer’s site. Either way, the initial cost to the job shop could be prohibitive although this
could be offset if the laser machine was offered on a lease or pay-per-use basis.
b) CHANGE WIDER N/A N/A There are no reasons such as the road quality or lighting which could help the truck to travel faster. Not an issue

here.

Table 7.4: Proposals Matrix — To Reduce the Span and Cost Gaps in Far Deliveries
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CLIENT

EMVIROMMEMT:
Client's Premises

LASER SUPPLIER

Client requests a job

Prepare CAD
drawings

Fy

Store laser-cut parts

Line of interaction

CAD file preparation .| Scheduling and Job N Laser machine Unpick parts
preparation operation
.
A T
M
Servicing/ Re pair/
Maintenance -
""""""""""""""""""""""""""""""""""""""""""""""""""""""" 77777 " Line of visibility
schedule client’s
! r-?—_p laser jobs at the
laser job shop
_________________________________________________________________________________________________________________________________ _Line of interaction
__________________________________________________________________________________________________________________________________ __ Line of visibility
N

Laser losing tolerance,
time cycle or not
working?

Figure 7.7: Blueprint - Shift the Capability to the Client’s Premises
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7.2.4 Discussion of Case Study Results

The laser case study has illustrated the importance of reviewing the customer's needs
for PSS Conceptual Design. Even in this simple example where the main problem faced
by the customer is delivery time and cost, the proposed solutions may significantly
change the relationship between customer and provider and would have a significant
impact on the provider's business model.

In this example, the application of the method has been instigated by the job
shop, but the application of the method could just as easily have been instigated by
the laser OEM to see if a different type of laser system PSS is now more suitable for the
job shop. Either way, the outcomes of the method's application to the job shop's main
process would be expected to be the same: that is, for the job shop to investigate the
possibility of providing a laser-cutting PSS to their client or to set-up a laser-cutting
service nearby this client and then (after the initiation phase had been considered at
the PSS Conceptual Design stage) to see if the laser OEM could help to support the
new solution.

The decision whether to provide a laser cutting capability on the customer site
or local to the customer site would depend on the nature of the relationship of the
client with the job shop and their future concerns. Furthermore, if a machine were to
be placed on the client's premises, probably only one machine would be installed
which could mean that at times of high demand or if the machine is not working that
the laser job shop would have to make up this extra capacity (see Figure 7.7).

The proposals can be evaluated further to see if the stakeholders have the
capability for the initiation of such solutions and to also ascertain if all of the
stakeholders are amenable to them along with any changes in responsibility, roles and
ownership. There would be a considerable cost and a time delay in setting up either of
the proposed solutions at the initiation phase of this solution and this would have to
be traded off against the expected benefits at the use phase. The provision of an on-
site machine would require careful planning to ensure that the machine is used to
capacity and that any overspill to the job shop occurs infrequently so that delivery

delays and charges do not cause major capability gaps again. Here, collecting past
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performance data depicting loads over time as well as knowledge of the client's
business strategy could help. Other considerations would be how the operators could
be installed; experienced operators could be sent to the client or local people could be
trained. Either way, there will be a lead time and a cost involved and supplies would
also have to be considered. For the laser manufacturer, offering machines which are
easier to operate, allow remote monitoring, offer dedicated laser-cutting processes
and perhaps encompass or integrate more of the surrounding processes as well as
having a smaller footprint could further facilitate such a solution. The laser
manufacturer could consider a more modular design which would allow the laser
machines to become dedicated to one or two processes so that many customers could
be more easily served in a similar way. It could be possible for the manufacturer to
offer the whole solution although this would probably involve the manufacturer
stepping outside of its core competences; it is the laser jobs which have the expertise
in understanding their client's needs as well as the processes to fulfil them. The
business model could consist of a pay-per-use or a leased machine bundled with a
process operation service from the job shop for a fixed period; here, the OEM would
share the risk with the job shop and the capital investment of the job shop in installing
machines near to or onto client's sites would be circumvented. As this could be a PSS
where the manufacturer and the job shop are in partnership, it becomes clearer that
the need of the job shop (to satisfy its clients) now becomes a need of the laser
manufacturer. All of these are challenges for PSS Conceptual Design and simulation of
any possible solutions at the use, initiation and end of life phases would help to pre-
empt the appearance of any possible capability gaps. If it is found that a selected
solution is, at that time, difficult to effect then other proposals from the matrix should
be considered. Note that job shop could have stated to the OEM that they were having
difficulty in getting their laser-cut parts to clients in time and that the OEM's response
could have been to try to make the laser machines faster: whilst this effort would have
been admirable, it would not have addressed this particular job shop's concerns.
Similarly, product-in-use data could have indicated to the laser system provider that

the job-shop’s laser machines are operating near to capacity: this could have prompted
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the laser system manufacturer to provide machines with a higher capacity although
the real need of the job shop is for smaller machines which they can then put on or
near to their client’s sites. This emphasises the need for a systems rather than a
product-centric approach to the analysis and design of PSS solutions.

From the interviews with the laser systems providers, it was apparent that they
were not keen to develop any other business models or lasers systems for the laser job
shop market as they represent only a very small segment. Nevertheless, it was clear
from the interviews in general that there are many other large companies who either
have their own dedicated laser cutting processes or who send laser cutting work
offshore where the machines used tend to be older and the processes less reliable. It
could be the case that customised, process-dedicated laser cutters offered on an
availability basis which are bundled with a process operation service could open up
these other, larger markets.

Although laser cutting equipment OEMs are not currently offering higher PSS
business models, the authors would claim that they are still in a process of servitising;
this is because many of the sacrifices [9] that the receivers used to make in order for
their overall tasks to be accomplished have now been appropriated by the laser
machines. For example, over the past couple of decades, laser cutting systems have
become more easily operable, more reliable and less expensive. This means that there
has been a capability shift from the job shop processes and resources to the laser
machine: much of the sub-capabilities that the job shops had to institute to meet an
overall capability are not required to the degree they previously were.

This case study was conducted in 2010, at the end of 2011 the laser job shop
had discussed the options with their clients, further assessed the solutions and

installed rolled out the solution to several of their most important clients.
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7.2.5 Evaluation of the Applied SIU Method

7.2.5.1 Expert Evaluation

An initial validation was performed to assess the merits and demerits of the proposed
method (Appendix I). The case study was presented to the MD of the laser job-shop
and then to two senior managers from the aforementioned HVAC Consultants firm
mentioned in Chapter 5. All agreed that the application of the method seemed to
produce reasonable results of which could then be refined to create PSS solutions that
satisfy all of the stakeholders more closely. They also stated that the SIU Method
provided a way to systematically explore the issue and then generate a wide range of
possible solutions, some of which, without the Method, they doubted they would have
thought of. All three respondents, at this stage, did not identify any omissions or
failures in the method but urged for applications of the method to other differing
capabilities, to exercise different parameters and to also to apply the method to large

guantitative data sets from sensors.

7.2.5.2 Industry Evaluation

At a presentation of the case study at the AILU (Associated Industrial Laser Users
Annual General Meeting), no amendments to the SIU Method, its techniques or to
Workbook were suggested. However, an MD from a laser job shop suggested that the
SIU Method should incorporate issue selection.

» FEEDBACK - Issue Selection: This suggestion was discussed at the meeting and it
was generally agreed that the stakeholders of any capability have to define which
issue is important to them and this will depend upon the nature of the capability,
other pressing issues and the business strategy of the firms involved. Business
strategy is a wide area encompassing many different theories and techniques; it is
for senior managers to use their expertise to select which theories and techniques
are most appropriate for their aims and capabilities to help them to define the
issues that they need to address. This area would appear to be outside of the scope

of this research which focusses upon utilising system-in-use data to generate
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conceptual PSS Designs. For this reason, this suggestion was not considered

further.

7.2.5.3 Peer Review by Journal Publication

The application of the SIU Method to the laser job shop case study was published in
May, 2012 in Computers in in Industry, Product Service System Engineering: From
Theory to Industrial Applications (Hussain et al., 2012). Only ten papers out of a total of

sixty which were submitted were selected for this special issue.

7.2.5.4 Peer Review by Conference

The analysis and emerged theory were also presented at a research summit held on
22nd February, 2012 by the Cranfield Management Research Institute to disseminate
and discuss the research findings from a number of PSS research projects (including
this research), which had been conducted over the course of the preceding years. The
attendees were senior managers and engineers from industries delivering technical,
capital intensive, infomated PSS as well as leading industrial PSS academic researchers.

No further changes were recommended at this meeting.

7.2.6 Solution Adoption in Industry

The solution to install a laser cutting facility on or near to the sites of important clients
was acted upon by the laser job shop in 2011. The solution has now been rolled out to

several clients.
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7.3 Validation 2: An Aero Engine Case Study

A Retrospective, Qualitative and Recursive Application

7.3.1 Case Study Introduction

A component manufacturer was informed that a component which they had supplied
to an aero engine manufacturer was unacceptable because, as it was discoloured, the
engine manufacturer’s client (an airline) had rejected the engine. This component is an
engine case. As the engine cases are positioned at the rear part of the engine, they are
exposed to high temperature combustion gases. During operation, anomalies in the
gas loads result in its discolouration which can indicate that the component could
develop defects and so a thorough inspection of it may be warranted. In this case
study, the component was manufactured using another technique other than that
which is usually used; this manufacturing technique involved welding and heat
treatment operations which caused the component to become discoloured although
the functional performance and integrity of the component was not in question.
Therefore, this issue (the rejection of the engine) would be a symptom of the
component manufacturer having used a different fabrication process that produces
discoloured components. Although a process could have been added to finish the
surface which would produce a unified colouration — a kind of “polishing”, there was
no mention of desired colouration in the specification to the component
manufacturer.

It was the component manufacturer which addressed this issue by introducing
the polishing capability which would render the components the uniform background
colour which the airline desired. However, there could have been other solutions
which could have been proposed at different points in the value chain, considered and
perhaps effected. What follows next is an application of the qualitative and recursive
path through the SIU method which can consider different solutions at different tiers
in the supply chain: this allows the possible problem space and solution space to be

unfolded and evaluated.
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There was a paucity of information with regards to why and who rejected the
engine at the airline. However, this is a common problem within the value chains of
many industries; the conversion of expectations into requirements which are then
cascaded down multiple levels in the value chain is known for the loss of some
contextual information and intent. Nevertheless, most companies will have a fair idea
about the general capabilities of their customers and suppliers and some
understanding of how those capabilities are arranged. Therefore, a heuristic method
using general knowledge known about customers and suppliers which uses a common
representation that can be understood by all stakeholders in a value chain could be
useful in gaining a fuller picture of the problem space and then solution space. Such a
method could be used to perform ‘What if ‘analysis and the results could be then used
to prompt other stakeholders for their input and then win further support for more

detailed analysis and solution generation.

Component Aero Engine -
Manufacturer Manufacturer Airline

Figure 7.8: The value chain in question
7.3.2 Methodology

1. A literature review on themes related to the study had been conducted before the
investigation at the company. Where possible, case studies to be used for
validation were identified.

2. There was a discussion with the potential validator (a senior manager in aerospace
engineering as well as a senior academic in engineering and PSS) where he
presented an overview of PSS research he was involved in and where the
researcher presented an overview of the aims of this research and the current
research stage of validating the emerged SIU method by application to case

studies.
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3. The company premises were visited where a ‘walkthrough’ of main processes were

conducted with the potential validator.

4. Five exploratory interviews were ) i
Literature Review

conducted with five senior engineering

. =

managers in the aerospace company ] ] i _
Discussion with the Validator

over the course of fifteen hours. At each

exploratory interview, the aims of the . )

Visit to the company premises and
research (as presented in Chapter 2) ‘walkthrough’ of main processes
and an overview of the SIU method (as =

5 semi-structured, exploratory
previously outlined in Chapter 6) was interviews with senior managers
presented then a semi-structured, —

. . . Workshop for the selection of a case
exploratory interview (See Appendix J stud
Yy
for the questions) was conducted to -
discover their AS-IS practice for using | Application of the SIU Method by the
. . validator to the case study.
field data to influence PSS Conceptual

-
Design and then to source possible case | Report on the validation was produced
and sent to the validator

~_>
order to assess the method’s merits and | Revision of the validation report based

studies to apply the SIU Method to in

demerits. Each interview was recorded | °" the validators feedback.

p—

~__

and then later transcribed and the

. . o Validation interview
findings were used for the investigation

as described in Chapter 4. Figure 7.9: The Methodology for the

] validation with an aero engine case study
5. A workshop to explore possible case

studies to validate the SIU method was held with the potential validator to assess
various cases that had been elicited in the previous interviews. Any case study
selected had to be a non-sensitive issue to the company where the sharing of case
information outside the company would not compromise the proprietary
knowledge of the company. A case study was selected where this was the case and
where the issue had already been resolved; this would allow for evaluation of the

SIU Method against the way that the company usually addresses such issues.
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6. The SIU Method was then applied by the validator to the selected case study.
Notes were taken by the researcher during this time.

7. A report on the validation (the application of the SIU Method) was produced and
sent to the validator.

8. The report was revised in the light of the feedback from the validator.

9. The validator was then interviewed (Appendix L) with regards to the merits and

demerits of the SIU Method.

Participants Years of experience
Senior Specialist in Product Development 8
Chief Engineer 6
Strategy and Technology Manager in Advanced Engineering 5
Senior Engineering Specialist 7
Development of Technical Services 6

Table 7.5: Job roles and years of experience of the interviewees (Aero engine case study)

DATA COLLECTION No. Of Time
Interviewees (hrs)
An exploratory interview was with the potential validator. 1 2
A ‘walkthrough’ of main processes at the company premises with 1 5
the potential validator
Five separate semi-structured, exploratory interviews with five 5 1s
senior engineering managers.
A workshop to explore possible case studies with the potential 1 3
validator.
The SIU Method was then applied by the validator to the selected 1 4
case study. Notes were taken by the researcher during this time.
The validator was then interviewed with regards to merits and
demerits of the SIU Method. 1 3
Total 20.5

Table 7.6: Aero Engine Case Study: Data collection - number of interviewees and interview
hours

7.3.3 Application of the Method

This is a retrospective application of the method and, as the issue has already been
resolved, none of the new solutions generated here have actually been put forward to
the airline or any of the other stakeholders. Nevertheless, applying this method to this

issue does illustrate how innovative solutions can be generated. The application of the
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method has been initiated by the component supplier and is based on their general
understanding of the capabilities in each company in the value chain. The method is
applied from the component supplier’s perspective; that is, it is the component
supplier who is acting as the facilitator and is applying the method. Using the general
and partial knowledge that the component supplier has about the airline, the method
is firstly applied to a basic understanding of the airline’s value creation system to
reckon where the gaps could be that lead to the issue and then to gauge what sorts of
solutions could be generated.

STEP 1: Problem Definition

The extent and importance of the issue had been determined by the component
manufacturer: the interviews at the component manufacturer’s revealed that this had
been a very serious issue that had to be remedied as quickly as possible: the airline
could have lost a great deal of revenue if any their planes were grounded and the aero
engine manufacturer could also have lost revenue if their engines kept being rejected.

Whilst the aero engine manufacturer found the component acceptable, it was
the aero engine manufacturer’s customer (an airline) which rejected the engine and
this was assumed by the component manufacturer to be due to the fact that the
background colour of the component can be important for maintenance staff as
changes in colour (from the component’s natural colour to a new one) can be
indicative of possible defects. Such a rejection of one or more engines would cost the
airline a great deal if their planes were grounded. Nevertheless, as other airlines who
had received the engine with the discoloured component had made no complaint, the
component manufacturer and the aero engine manufacturer believed that this
different natural colour of the component should have still allowed this airline’s
maintenance staff to conduct their activities as usual.

The aero engine was rejected in the delivery acceptance activity when it arrived
at the airline. The exact procedure for not accepting the discoloured engine is not
known in detail, although it is known that other engines which were not discoloured
had been accepted by this airline. It is possible that the handling staff (who inspect

incoming engines to make sure that the correct engine has been delivered) are
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responsible for the rejection simply because they believed that the component looked
different; it is not inconceivable that the maintenance staff may not have found any
issue with the colour of the component and not even have known that the aero
engines had been rejected. Such deficiencies in communication flow are possible.
Although this is speculation, a consideration of all possibilities (until further
information is forthcoming) is useful; without doubt, the over-arching issue is that the
customer’s expectations were not explicitly turned into requirements and cascaded
throughout the value chain and this is a common problem. Another possibility is that it
could have been the maintenance staff who instructed the handling staff not to accept
any engines with a component having such a discolouration; this particular airline may
operate in different environments and may have different use purposes and types to
other airlines which could mean that they need to distinguish different possible defect
colourations (as compared to other airlines) from the component background colour. If
this was the case, this airline (due to their unique use context and use patterns) may
have had defect colours appearing which are indistinguishable from the new
component background colour. As for the component manufacturer, previous to this
incident, they would not have known that this airline preferred the component to be a
certain colour.

Depict the capability of the airline (Figure 7.10): Service blueprinting (rather
than extended service blueprinting) is used here, as detailed, internal product
operation is not a consideration in this case. The gauged parameter gaps are shown, as
is the general understanding of the airline’s environments, which are labelled and
demarcated with different colours.

STEP 2: Describe the Overall Capability Parameter Gaps

The Overall Capability Gap would be: Failure to install and hence fly and maintain an
aircraft. The overall capability to install the engine, fly the aircraft and conduct routine
maintenance failed. The actual parameters of span, time-cycle, range and cost of this

process would all be totally outside of the expected parameters.
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STEP 3: Find the Gap-Located Capability(s) Within the System

The component manufacturer had not been told exactly why and who at the airline
issued the order to reject the aero engine; in fact, there is very rarely ever any sort of
dialogue between the airline and the suppliers other than limited discourse between
the component manufacturer and the engine manufacturer. The component
manufacturer was merely told that the engine had been rejected by the airline
because the component was discoloured although colouration had not been explicitly
stated to the component manufacturer as an acceptance criterion. For this reason, the
component manufacturer would have to suppose what could have happened.

As far as the component background colour is concerned, the desired parameters
(however the airline expected them — although this is also unknown to the component
manufacturer) of colouration for the component could have been set by one of two
capabilities. This gives the possible gaps being at the sub-capabilities:

e Component X colour in range? could have been set for either of the reasons below:

o Past component attributes: the usual colouration of the component was
expected. This is likely to be a measure devised by the handling staff.

o Maintenance Staff needs: the desired colouration could have been stipulated
by the maintenance staff. Therefore, the parameters of this part of the
handling capability could actually be dictated by those of the capability: Have
defect Colours in component x been detected? and so the location of the gap
could actually be here.

e Have defect colours been detected in component x? It could be the case the
maintenance staff wanted the engine to be rejected because:

o The component simply looked different and so the maintenance staff felt
uncertain about being able to do their job.

o For this particular airline (because of their use context), some defect colours
could be indistinguishable from the components new background colouration.
A structured and documented “walk-through” of the maintenance process
where the maintenance staff along with the help of other domain specialists

capture the requirements for maintenance could have meant that this
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discolouration issue could have been avoided. However, if the issue arose
because of variations in the use context, then the any requirements of the
component may simply have become out of date.

As it is unknown which sub-capability is where the issue is situated, both will be

considered to be possible Gap-Located capabilities and examined in the next section.

Airline
Present the Rejected Engine
engine to airline
: OVERALL CAPABILITY GAP:
1. Possible
Gao- Component N Prepare and fly an aircraft
p X colour in
located range? Airline’s Overall Capability Gaps:
Capability BE: Range: Total Failure
Range: no . Span: Total Failure
uniform Cost: Total Failure
background The rest of the TC: Total Failure

engine
satisfactory?

Airline’s
Maintenance b LS ELR A EEG G
Workshop into an aircraft Fly aircraft Engine Inspection

Have defect
Maintenance Colours in component x
been detected

2. Possible Gap-
located Capability
Range: no uniform
background colour

Do other
<& components need
maintenance?

Figure 7.10: Basic depiction of the airline’s and the aero engine manufacturer’s capability
STEP 4: Corroborate the System Definition

The Expert Validator conferred with his colleagues as to the validity of the Enhanced
Service Blueprint. The result was that all agreed that the system depiction appeared to

meet their understanding of the airline’s processes in which the issue arose.
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STEP 5a: Operand-Operant Decomposition of a Gap-Located Capability

As it is unknown which capability is the Gap-Located Capability, both will be explored.
The first (Have defect colours been distinguished in component x?) is explored here and
the other possible Gap-Located Capability is examined later in STEP 11a. It could be the
case that this particular airline may operate in different environments and may have
different use purposes and types which could mean that they need to distinguish
different colours (as compared to other airlines) from the component background. This
capability is decomposed in an Operand-Operant Diagram (Figure 7.11).

Tier O: The Airline

ENVIRONMENT: Maintenance Workshop Known Contributing Factor
to the Gap -

ange: Background colour

Process

Check for possible
defect colours
(different to the
background)

Outcome 1

Operant Resource

Possible Contributing Factors to
the Gap - Range: Competences to

OR
Operand Resource ’

Possible Contributing Factors to
the Gap - Range: Some defect

colours could be the same as
the new background colour

distinguish possible defect colours
from the background colour

Outcome 2

Figure 7.11: The Operand-Operant Diagram of the capability: Have defect colours been
distinguished in component x?

STEP 6a: Determine the Stakeholders and Their General Roles

e |t is the maintenance staff who are responsible for and own the capability to
distinguish defect colours

e The component manufacturer is responsible for the component’s form (and its
colouration).

STEP 7a: Compare the Capability to Other Similar Capabilities

Uniformity of component colour: The gaps did not occur when the component was a

uniform colour. Thus, one solution could be to reinstate the original fabrication

process. It is also known that a “polishing” process could be added which would

produce a unified colouration; therefore, this could be another solution.
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STEP 8a: Propose Solutions

A Proposal Matrix has been completed (see Table 7.7) for this possible gap. For any
new product development to occur, the maintenance process would have to be very
carefully and fully captured as there are stringent regulations regarding flight
worthiness that have to be adhered to. However, the suggested solutions in the
Proposals Matrix (at this stage) are just ideas which, depending on the stakeholders
concerns, could be worthy of further consideration.

STEP 9a: Next Tier?

For this capability, there is no part of the Operand-Operant Diagram to be explored
further.

STEP 11a: Next Gap-Located Capability?

As mentioned previously in STEP 5, another possible Gap-Located Capability that
should be examined is Component X colour in range?

STEP 5b: Operand-Operant Decomposition of a Gap-Located Capability

Another possible gap is that, as only this customer has rejected the engine, it is most
likely that it is due to the airline staff simply being alarmed at the new component
colouration. This could (at this stage) be presumed because all of the maintenance
staff of other airlines have had no issue with the discolouration although it is supposed
that their use contexts and use patterns are equally wide and varied. This is detailed in

the Operand-Operant diagram (Figure 7.12).
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Types of Decrease in DETECTION OF DEFECT COLOURS

N aps
Generic gap

Change

Could the component simply be replaced at scheduled maintenance checks
before the component had aged or been used enough to develop any defects?
The time and cost to replace a component would have to be compared against

(l:)oﬁ:‘gPTUAL the time and cost to conduct defect assessment and maintenance. The aero
DESIGN engine manufacturer could help to support this by determining if a change in

engine design could result in quick and easy component changes and the
component supplier could help to determine if component recycling or
remanufacture is a viable possibility.

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

If some types of air travel resulted in certain defect colours which were
indistinguishable from the component, then could these flights (and the
passengers that require them) be abandoned?

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

a) MARKET SEGMENT
/RECEIVER SHIFT

Operant: staff - If there were other maintenance operatives who would not feel
disconcerted at such a background colour change, then could these operatives
be used instead? However, this is not an option if the issue arose because
certain defect colours are the same as the background colour.

SUBSTITUTE
2 Operand: component — Could the same (or a different) engine supplier be
instructed to supply components that are the expected colour?
Process: Could another method for detecting possible defects be used rather
than the method which checks colouration?
Operand: component, Operant: staff and Process — Could the engine
b) ELIMINATE P P » OP ff &

manufacturer redesign the engine so that the component is not required?

Operant: staff - Could colour charts be created which would help the
maintenance staff to distinguish the natural component colouration from new
colours which appear with age and use? If so, this would change the staff job
specification as they would not have to be able to distinguish possible defect
colours from the background colours. However, this is not an option if the issue
arose because some defect colours are the same as the background colour.

c) ADDITION Operant: staff - Could an electronic device be sourced or created which would
help the maintenance staff to distinguish the natural component colouration
from new colours which appear with age and use? The other stakeholders
could be asked about this. This would change the job specification of the staff as
they would not have to personally be able to distinguish possible defect colours
from the background colours. However, this is not an option if the issue arose
because some defect colours are the same as the background colour.

Operant: staff - Could extra training be given to maintenance staff to assure
and inform them with regards to detecting possible defects given the
components current natural colouration? The stakeholders could be asked
about this. However, this is not an option if the issue arose because some
defect colours are the same as the background colour.

Operant: staff — are vision checks adhered to?

d) CUSTOMISE

Operand: component — Could the airline install a polishing process to make the
component a uniform background colour?

4) ENVIRONMENTAL CHANGE

a) CHANGE LOCAL Could conditions such as the lighting in the maintenance workshop be causing
ENVIRONMENT difficulty with staff distinguishing colours?

b) CHANGE WIDER N/A There would appear to be no changes that could be made to close this gap— is
ENVIRONMENT that the case?

Table 7.7: Treat the Symptoms - capability: Have defect colours in component x been
detected?
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Tier 0: The Airline
ENVIRONMENT: Airline Premises

Known Gap - Range: Background colour

J

Process

Check that the
engine parts

appear to be OR Outcome 1
those expected

Operant Resource Operand Resource ’

Possible Gap - Range: Competences Possible Gap - Range: Some defect
to reject a defective engine colours are the same as the new
background colour

Outcome 2

Figure 7.12: The Operant-Operand Diagram for the possible gap at the capability: Component
X colour in range?

STEP 6b: Determine the Stakeholders and Their General Roles

e ltisthe handling staff who are responsible for rejecting supplies that appear not to
be those expected.

e The component manufacturer is responsible for the component’s form (and its
colouration).

STEP 7b: Compare the Capability to Other Similar Capabilities

Uniformity of component colour: Again, as the gaps did not occur when the component

was a uniform colour, reinstating the original component fabrication process or

introducing a “polishing” process that is known to render components an acceptable,

uniform colour.

STEP 8b: Propose Solutions

A Proposal Matrix has been completed (Table 7.8) for this possible gap.
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ENGINE AND COMPONENT INSPECTION

Could quality control assurances and photographs of the parts be forwarded or
emailed by the engine manufacturer which details how the engine meets its
brief? If this could occur then all that the handling staff would have to do is to
check that the photographs match the engine. However, this is not an option if
the issue arose because some defect colours are the same as the background
colour.

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

a) MARKET SEGMENT
/RECEIVER SHIFT

If some types of air travel resulted in certain defect colours which were
indistinguishable from the component, then could these flights (and the
passengers that require them) be abandoned?

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

Operant: staff — Could maintenance staff perform the check of the engine? If it
is a question of the handling staff not knowing that the colouration of the
component may be acceptable to maintenance staff then this could be a
solution, particularly if a similar situation has arisen for other components.
However, this is not an option if the issue arose because some defect colours
are the same as the background colour.

a) SUBSTITUTE

Process —Could the colour range that the staff have been using be substituted
the with the new acceptable colour range? Stakeholders such as the engine and
component manufacturer as well as the maintenance staff could advise on this.
However, this is not an option if the issue arose because some defect colours
are the same as the background colour.

Operand: component — Could the same (or a different) engine supplier be
instructed to ensure components are the expected colour?

b) ELIMINATE

Process — Could the staff be instructed not to check the colouration of the
component? However, this is not an option if the issue arose because some
defect colours are the same as the background colour.

Operand: component, Operant: staff and Process — Could the engine
manufacturer redesign the engine so that the component is not required?

c) ADDITION

Operant: staff - Could colour charts be created which would reassure the
handling staff that the component colouration is acceptable? However, this is
not an option if the issue arose because some defect colours are the same as
the background colour.

d) CUSTOMISE

Operant: staff - Could staff be trained or informed that the colouration is
acceptable? However, this is not an option if the issue arose because some
defect colours are the same as the background colour.

Operant: staff — are vision checks adhered to?

4) ENVIRONMENTAL CHANGE

a) CHANGE LOCAL
ENVIRONMENT

N/A

Could conditions such as the lighting in the maintenance workshop be causing
difficulty with staff distinguishing colours?

b) CHANGE WIDER
ENVIRONMENT

N/A

There would appear to be no wider environmental causes for this gap — is that
the case?

Table 7.8: Treat the Symptoms - Possible gap-located capability: Component X colour in

range?

STEP 9b: Next Tier

In the airline’s Proposals Matrices, various solutions were outlined as to how the

airline could change their capability, given their resources and environment; changes
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were outlined as to how the handling capability could be changed but what was of
more interest to the Validator was how the maintenance staff’s capability of detecting
defects could be explored further. Although the airline can make changes to the
maintenance staff and the process of inspection that their staff use, the airline has
very little capability to make changes to the engine and/or component: for this reason,
the component is now traced through the value chain from the aero engine
manufacturer who integrates it into an engine, to the component manufacturer who
fabricated it and then to the component’s material supplier (Figure 7.2.5). By a
recursive application of the method, the supplier tier being considered will have its
capability drawn as part of its customer’s capability so that it can be seen where that
supplier’s value proposition is in relation to the customer’s gaps (the issue with their
capability) and how it contributes to them. The SIU method will be applied to the
capability of each particular firm in the value chain so that it can be determined what
each specific firm could do to help to close the gaps.
STEP 9b: Increase the Tier by 1
Tier 1 (Condition 1): The Aero Engine Manufacturer’s Overall
Capability
Although the engine manufacturer has little control over the
=L =L airline’s maintenance, they are responsible the engine and the
capability that created it. For the Service Blueprint, see the Value
Chain Service Blueprint (Figure 7.14).
STEP 5c: Operand-Operant Decomposition of a Gap-Located Capability
See Figure 7.15.
STEP 6¢c: Determine the Stakeholders and Their General Roles
e |tisthe aero engine manufacturer who is responsible for and who owns the
capability to integrate components into an engine.
e The component manufacturer is responsible for the component’s form (along with
its colouration).
STEP 7c: Compare the Capability to Other Similar Capabilities

None are known with any sort of certainty.
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STEP 8c: Propose Solutions

See Table 7.9.

STEP 9c: Next Tier?

Yes, the component fabrication process is to be considered.
STEP 11c: Increase the Tier by 1
Tier 2 (Condition 2): The Component Supplier’s Overall Capability
Existing Capability Depiction: See the Value Chain Service Blueprint
(Figure 7.14).

STEP 5d: Operand-Operant Decomposition of a Gap-Located Capability

Depict the Operant and Operand Resource and the Process — See Figure 7.16.

STEP 6d: Determine the Stakeholders and Their General Roles

e The component manufacturer is responsible for the component’s form (along with

its colouration).
e |t is the material supplier who is responsible for and who owns the capability to
source and prepare the material.

STEP 7d: Compare the Capability to Other Similar Capabilities

None are known with any sort of certainty.

STEP 8d: Propose Solutions

See Table 7.10.

STEP 11d: Next Tier?

Yes, the material supplier’s process is to be considered

STEP 12d: Increase the Tier by 1

Tier 3: The Material Supplier’s Overall Capability

Existing Capability Depiction: See the Value Chain Service Blueprint

(Figure 7.14).

STEP 5e: Operand-Operant Decomposition of a Gap-Located Capability

Depict the Operant and Operand Resource and the Process — Figure 7.17.

STEP 6e: Determine the Stakeholders and Their General Roles

e At this stage, it could be presumed that the material supplier is responsible for the

sourcing and refining of the material.
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STEP 7e: Compare the Capability to Other Similar Capabilities
None are known with any sort of certainty.

STEP 8e: Propose Solutions

See Table 7.11.

STEP 9e: Next Tier?

There is no further Tier to be considered.

STEP 11: Next Gap-Located Capability?

There are no other Possible Gap-Located Capabilities to explore.
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Figure 7.13: Operant-Operand Diagram of the nested capabilities within the aero engine
incorporating the component
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Tier 1: The Engine Manufacturer
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Figure 7.15: The Operant-Operand Diagram for the possible gap at the capability: Integrate
Component X into the Aero Engine

in gaps

Types of Generic | Decrease AERO ENGINE MANUFACTURE “

Change
Could a change in engine design result in quick and easy component changes?
The component supplier could help to determine if component recycling or
remanufacture is a viable possibility. The component could simply be replaced
at regular maintenance checks before the component had aged or been used
enough to develop any defects. This becomes more feasible if component
upgrades are expected because of advances in fabrication (the material supplier
could also be consulted with regards to other materials and new composites) or
changing user requirements. If the aero engine manufacturer is or wants to
offer a PSS such as “power by the hour” (pay per use) then replacement rather
than leaving defect detection to a third party could be less risky for the engine
manufacturer. The time to replace a component would have to be compared
against the time to conduct defect assessment and maintenance. The cost of
regular replacement of components would also have to be assessed. This
becomes more feasible if there are other capabilities which could also be
improved by engine redesign.

1) NEW CONCEPTUAL
DESIGN

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

This airline could be too important to abandon. Could the airline’s expectations
be changed by partnering with them by using the aero engine manufacturer’s
engineering capability to help provide a maintenance service for them?

a) MARKET SEGMENT
/RECEIVER SHIFT

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

Operand: component — Could the same (or a different) component supplier be

a) SUBSTITUTE instructed to ensure components are the expected colour?

Operands: component, rest of engine Operant: Engineering capability and
SRS Process — Could the engine be redesigned so the component is not required?
<) ADDITION Process: Could the engine manufacturer add or use an existing polishing process

they may have to make the component a uniform background colour?

Operant: staff - Could extra training be given to the airline’s maintenance staff
to assure and inform them with regards to detecting possible defects given the
d) CUSTOMISE components current natural colouration? The stakeholders could be asked
about this. However, this is not an option if the issue arose because some
defect colours are the same as the background colour.

4) ENVIRONMENTAL CHANGE

a) CHANGE LOCAL There would appear to be no changes that could be made to the wider

N/A . . .
ENVIRONMENT / environment to close this gap — is that the case?
b) CHANGE WIDER N/A There would appear to be no changes that could be made to the wider
ENVIRONMENT environment to close this gap — is that the case?

Table 7.9: Treat the Condition 1 - Possible gap-located capability: Engine Manufacture

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 153



Chapter 7: Validation

Tier 2: The Component Manufacturer
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Figure 7.16: Operant-Operand Diagram for the capability: Manufacture the components

Types of Generic | Decrease COMPONENT FABRICATION
Change n §aps

If additive manufacturing was used rather than laser cutting or casting to create
the components, would the discoloration issue not arise? What could be the
ramifications for the engine manufacturer and airline?

1) NEW CONCEPTUAL
DESIGN

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

The client (the aero engine manufacturer) could be too important to abandon —
N/A not an option here. Could partnering with another component manufacturer
who could ensure that component does not become discoloured be an option?

a) MARKET SEGMENT
/RECEIVER SHIFT

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

Operant: Component Fabrication, Operand: Material and process — Could
a) SUBSTITUTE another fabrication process be used (such as the previous one) to produce a
component of the expected colour?

Operands: component, rest of engine Operant: Engineering capability and
Process — The only way to eliminate any of the manufacturing capability for the
component appears to be a new engine design. The aero engine manufacturer
b) ELIMINATE could be consulted about this. However, this could be a prolonged and costly
route unless there are other reasons for a new engine design. Although the
component manufacturer would no longer make this component, there may be
other components which are required.

Process: A process to polish the component so that it is uniformly the

c) ADDITION
) background colour which is expected by the airline.
Process - Could the manufacturing process be changed so that no discolouration
d) CUSTOMISE appears?

4) ENVIRONMENTAL CHANGE

a) CHANGE LOCAL Are the there any local environmental reasons which could contribute to
ENVIRONMENT component discolouration?

b) CHANGE WIDER Are the there any wider environmental reasons which could contribute to
ENVIRONMENT component discolouration?

Table 7.10: Treat the Condition 2 - Possible gap-located capability: Manufacture the
Components
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Tier 3: The Material Supplier

ENVIRONMENT: Material Suppliers premises
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Figure 7.17: The Operant-Operand Diagram for the capability: Material Sourcing and
Preparation

Decrease
in gaps

Types of Generic
Change

SOURCING AND REFINING OF MATERIA. -

Could composites be supplied instead? What would be the ramifications for the

1) NEW CONCEPTUAL other stakeholders?

DESIGN

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

The client (the component manufacturer) could be too important to abandon —
probably not an option here. Could partnering with another material supplier
who could ensure that material supplies do not become discoloured in the
component manufacturer’s current fabrication process or another fabrication
process be an option?

a) MARKET SEGMENT
/RECEIVER SHIFT

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

Operand: Material — Could another material be used that does not become

a) SUBSTITUTE discoloured during the component manufacturer’s fabrication process?

Operand: material - The only way to eliminate the need for any material
would appear to be for a new engine design. The other stakeholders could be
consulted about this. Although this material would no longer be supplied, there
may be other materials which are required.

b) ELIMINATE

Operand: material: Could a process be added to the material preparation to

c) ADDITION

prevent discolouration during manufacture?

d) CUSTOMISE

Operand: material — Could the material be treated in anyway so that
discolouration will not happen during manufacture?

4) ENVIRONMENTAL

CHANGE

a) CHANGE LOCAL
ENVIRONMENT

Are the there any local environmental reasons which could contribute to
material becoming discoloured during manufacture?

b) CHANGE WIDER
ENVIRONMENT

Are the there any wider environmental reasons which could contribute to
material becoming discoloured during manufacture?

Table 7.11: Treat the Root Cause 2 - Possible gap-located capability: Material Sourcing and

Preparation
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STEP 12: Rate and Select Solutions

The resultant Service Blueprints, Operand-Operant diagrams and the Proposals
Matrices could then be shared with all of the stakeholders in the value chain. If
necessary, the stakeholder can then make corrections to the Enhanced Service
Blueprint, the Operand-Operant Diagram and the Proposals Matrix. If no corrections
are necessary, then each supplier tier can simply answer the questions in the Proposals
Matrix that are relevant to their tier. Each type of solution generated can then be
estimated as to the extent that it should close the gaps (High, Medium and Low). If a
solution cannot be generated for a particular type of redesign then “N/A” (Not
Applicable) can be stated. The solutions are then accepted or rejected by the
stakeholder in question — the accepted solution(s) can then be discussed with the
other stakeholders.

The sharing of the outputs of the SIU Method with the stakeholders could then
help to win further support for a more detailed analysis by the application of the
quantitative SIU Method to each Tier: each company could apply the quantitative
version of the SIU Method to their own capability and then, along with a basic service
blueprint of their capability and where the shortfalls lay, share some of the possible
solutions with the value chain; any sensitive information or detailed outputs of the SIU
Method need not be shared with everyone. Any solutions which are accepted by the
stakeholders can then be refined and evaluated and refined further. However, this

stage is outside of the scope of this research.

7.3.4 Conclusions on the Application Results

As this is a retrospective application of the SIU Method and, as the issue has already
been resolved, none of the new solutions generated here have actually been put
forward to the airline or any of the other stakeholders. Nevertheless, applying the
method to this issue does illustrate how innovative solutions can be generated. This
application of the SIU Method is a type of What-if analysis which allows the problem-
space and solution-space to be explored. In this case study, the solution space has

been expanded by generating solutions at various levels of the value chain. It can be
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seen that a range of solutions, some being quite innovative, were generated
throughout the value chain. As capabilities are nested, the SIU method can be used to
treat the:
e Symptoms: at Supplier Tier level O - the Customer
e Condition(s): at Supplier Tier levels 1 and 2 - the Aero Engine Manufacturer and
the Component Manufacture
e Root Cause(s): at Supplier Tier level 3 - the Material Supplier
Some of the solutions (such as the development of colour charts for the airline
maintenance staff for defect detection) could be instituted very quickly and cheaply
whilst other solutions suggest the development of a PSS (such as the component
manufacturer or engine OEM also offering a supplementary training service to the
airline’s maintenance staff). Other solutions (such as engine redesign) could take much
longer and be very expensive to develop. Nevertheless, such a change could be worthy
of consideration if there are other reasons for engine redesign. Furthermore, some
solutions encompass a change across several capabilities whilst others institute a
change in just one.
The key benefits of this application of the SIU method are that:
e |t forces a shift in mind set from product-centric thinking to systems thinking
along with network based exploration,
e |t acts as a communication channel in the value chain by sharing possible ideas
to solve a specific issue,
e This task-centric approach applied throughout the value chain facilitates a
deeper understanding of the issue and the generation of solutions,
e This method fosters an appreciation of the value proposition offered by each
stakeholder in the value chain and underlines the importance of each of the

resources which are committed to the realization of value-in-context.

7.3.5 Results

For eight years, the expert validator has been a Senior Company Specialist in Product

Development at a company which is an industrial, capital intensive, technical and
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infomated PSS provider; it is a manufacturer of aero engine components and product-
related services. The company is interested in methods which develop PSS. The
previous ten years of his employment were as an engineering specialist at an aero
engine and aero engine component manufacturer. The Expert Validator is also a
senior, leading academic in servitization and industrial PSS.

Notes were taken during the validation session and these were written up by
the author of this thesis and then presented back to the Expert Validator. Revisions
suggested by the Expert Validator were then incorporated into this text; this happened
several times until the Expert Validator deemed that no more revisions were
necessary. The Expert Validator’s responses to questions regarding the validation are
detailed in Appendix L. To sum up the results of the validation, the SIU method was
found to be complete and no changes to it or any of the techniques it uses were
suggested. The method was found to be systematic, to foster innovation and to help
suppliers understand how they contribute to the end customer’s processes. However,
the validator suggested that more detail on the method and the techniques it uses
should be incorporated into the Workbook. Following these suggestions, the

Workbook was subsequently revised.

7.3.6 Discussion of the Results

The validation has served as an example of a situation that:

1) Was not captured and expressed clearly using traditional requirements
elicitation. However, (as use contexts and supply can change continually) this
could point towards a need for constant data capture.

2) requires a deeper understanding of the end-user situation by several levels in
the supply chain

3) Shows how a multi-level design process can be instituted.

The SIU Method enables any focal company in the value chain to depict and suggest
changes to the capabilities of their suppliers (and supplier’s suppliers) and customers
(and customers of customers). The SIU Method allows innovative suggestions to be

created at lower levels which could “push” higher capabilities into new solutions and,
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III

similarly, innovative suggestions could be created at higher levels which could “pul
lower capabilities into new solutions.

For the next stages of solution development, the solutions can be further
evaluated and refined. Although the generation of refined PSS solutions are outside
the scope of this research, this can be touched upon briefly here: the gaps with any
new use-phase solutions could be found and filled using this method— this would offer
a further level of refinement and evaluation can then again take place. Supplier
capability, that is, the ability of the suppliers to meet new solutions could be
determined by charting the gaps between the new solution and what various suppliers
could offer: this may generate also new product and service requirements for the new
solution. Furthermore, the SIU Method could be used to find any gaps in supplier
capability and fill them.

The method could also be used to find and address gaps, not only in the use-
phase, but also in the initiation, integration, attuning and end-of-life phases of the new
solution. All of the stakeholders could then collectively assess the solutions. This
would create further solution refinements.

The selection of any of these solutions would depend on the conditions and
consequences of each as well as their acceptability to each of the stakeholders.
However, even if some of the generated solutions are not feasible right now, a wide
solution-space has been unfolded which always helps with decision-making and this
could prompt the value chain towards more innovative solutions. Furthermore, in the

future, some of these solutions could be feasible.
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7.4 Validation 3: An Excessive Heat Issue
A Real-Time, Quantitative and Recursive (2 Tiers) Application

7.4.1 Introduction

The aim of this validation of the method is to assess how it can be applied by different
stakeholders at different Tiers (Tier O is the tenant and Tier 1 is the civil engineer) and
then to assess the merits and demerits of the SIU Method as compared to how
professional, experienced consultants in that domain (HVAC Consultants) would have
addressed the issue:

1) The first iteration of the SIU Method (in this case study) is applied by a non-
technologist (Tier 0 - the tenant) who has little knowledge of PSS and
engineering — this is to test the general usability of the Workbook and the SIU
Method.

2) The second iteration of the SIU Method (in this case study) is applied by an
expert civil engineer (Tier 1) who has little knowledge of PSS— this is to test the
usability of the Workbook and the SIU Method for someone who is an engineer
but not very familiar with PSS. This iteration is also conducted to assess how
the SIU Method can inform building design.

3) The results of the application are then presented to HVAC consultants to assess
the merits and demerits of the SIU Method as compared to how they would
have addressed the issue.

A tenant of a housing association who was known to the researcher mentioned that
his open plan kitchen-lounge became unbearably hot whilst he was cooking. The
researcher then discussed this with the aforementioned HVAC Consultants and an
expert civil engineer (who besides practicing in civil engineering is also a senior
academic) and, as the tenant was amenable, it was decided to use this as a case study
and for the tenant to follow the steps in the Workbook to apply the SIU Method. As
the tenant was a non-technologist (he is an English teacher) and knew very little about
PSS, the usability of the Workbook would be tested fully if he were to validate the
Workbook and the SIU Method within. At the outset, the tenant’s issue was expected

to be contributed to by the design of the kitchen-lounge and so this presented another
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possible opportunity for validation by a building expert and also by the HVAC

Consultants.

7.4.2 Methodology

The methodology that was followed for this

validation is depicted in Figure 7.18. The

paler grey colours depict data collection
stages.

1) The tenant was observed during the
cooking of a meal and the kitchen-lounge
did appear to become quite hot and the
tenant did seem to be very
uncomfortable.

2) Exploratory interviews were then held
with two other tenants in that block of
flats who also had very similar flats and
they were asked if there were any
problems when they cooked.

3) With the aforementioned tenants, the

Residents

held

researcher attended a

Association meeting that is

periodically by the housing association.

Observation of the tenant’s cooking
process

~

Exploratory interviews with two other
tenants

>

Attendance of a Residents Meeting

-

A workshop was held with the tenant
and then the Expert Civil Engineer

-

Application of the SIU Method by the
tenant (Tier 0)& advice from Kitchen
specialists.

~_=

Application of the SIU Method by the
civil engineer (Tier 1).

~__ L

Revision of the validation report and
Workbook based on the feedback.

—

~

Validation interviews with the tenant
and then Expert Civil Engineer

Figure 7.18: The methodology followed

4) The researcher held a two hour workshop  (Heat Issue Case Study)

with the tenant to cover PSS , the main ideas behind the SIU Method and to give

some instruction with regards to Service Blueprinting. This was then repeated (this

time by teleconference and email) with an Expert Civil Engineer.

5) At the Christmas holiday period of 2011 (as the researcher was available then to

constantly observe the tenant and his environment), the tenant was then given

temperature sensors and a thermometer as well the Workbook. He was asked to

attempt to follow the steps in the Workbook and report any problems in following

the steps to the researcher who would be present. The researcher took notes on
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how the tenant applied the SIU Method and any problems that he had in following
the Workbook. For solution generation, advice was sought from two kitchen
appliance sales store managers from two nationwide kitchen specialist retail
companies.

Using the results from the tenant’s application, the second iteration of the body of
the SIU Method was then performed by an Expert Civil Engineer who made notes
regarding the application and the usability of the Workbook.

The notes that were taken were written up by the researcher. Also, based on the
feedback regarding the usability of the Workbook, the Workbook was revised. The
case study and revised Workbook were then presented back to the tenant and
Expert Civil Engineer who made corrections. The corrected case study and
Workbook were then presented back to the tenant and Expert Civil Engineer. There
were three such cycles of revision to the workbook. When the fourth version of the
Workbook and case study was produced and presented to the validators, no
further amendments or revisions were made.

The tenant and then the Expert Civil Engineer were interviewed (the interview
questions are in Appendix L) with regards to the merits and demerits of the SIU
Method and the Workbook. The HVAC Consultants were also invited to attest to
the credibility of this application of the SIU Method, the SIU Method itself and the
usability of the Workbook (Appendix L). These validations were then written up by
the researcher and presented back to the validators who made corrections and

then approved the final, revised version.
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Participants Years of experience
3 Tenants No experience in PSS or technology
An Expert Civil Engineer and Senior Academic 24 years in Civil Engineering
HVAC Technical Director 15 years’ experience in HVAC consulting
HVAC Consultant 5 years’ experience in HVAC consulting
Kitchen appliance sales store manager 1 6 years’ experience in a managing that store
Kitchen appliance sales store manager 1 2 years’ experience in a managing that store

Table 7.12: Job roles and years of experience of the respondents

DATA COLLECTION No. Of Time (hrs)
Respondents

Observation of the tenant’s cooking process 1 2

Exploratory interviews with two other tenants 2 2

Attendance of a Residents Meeting 2 3

The SIU Method was then applied by the tenant to the selected

case study. Notes were taken by the researcher who was 1 240

constantly present.

The SIU Method was then applied by the Expert Civil Engineer to

the selected case study who also made notes. 1 4

3 separate Validation Interviews with: the tenant, the Expert Civil 119 53

Engineer and then the HVAC Consultants n r

The validator was then interviewed with regards to merits and 1

demerits of the SIU Method. 3
Total 261

Table 7.13: How the data was collected against the number of interviewees and interview
hours

7.4.3 Case Study Background

This field test shows how the SIU method can be used to support an existing product-
service system: that is, improve its effectiveness.

A UK community housing association offers a product-service system (these are
flats for rent which are maintained and periodically refurbished). Semi-structured
interviews were held with three tenants who each have a one bedroom flat in a block
of flats which is provided by this housing association. The flats are very similar in size

and layout — each has an open-plan kitchen-lounge.
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Semi-structured, exploratory interviews with the users (the tenants, each of
whom had a serious medical condition) revealed one issue that, whilst cooking and just
after, their kitchen-lounge would often become unbearably hot and that, even in the
middle of winter, at least one window would have to be opened. This was a
particularly serious issue for one tenant who stated that his illness meant that he had
breathing problems and that when the kitchen-lounge became that hot that there
were times that he felt dizzy. All of the tenants complained that they often got
headaches and that they deemed the sometimes excessive heat in the kitchen-lounges
to be a major contributing factor. Another issue that surfaced was that they believed
their utility bills to be fairly high and that the energy used to cook contributed greatly
to this.

The tenants have said that these unbearable temperatures only happen during
and just after cooking — never at any other time. They also stated that this happens in
all seasons. In summer, the tenants stated that the kitchen-lounges tend to be quite
warm anyway, and so unbearable temperatures during cooking and just after are

reached even more quickly.

A particular flat was used for a field
test of the SIU method — (see Figure
Bedroom 1 7.19). The dimensions of the kitchen-

lounge are:

- Height: 2.4m (approximately 7ft 10% in)
- Width: 3.5m (approximately 11ft 6% in)
- Length: 5.8m (approximately 19ft 1% in)

Kitchen

‘ The tenant of this flat is 6” 1’

Bathroom/
athroom/we (185.42cm) and so, when standing,

Figure 7.19: A floor plan of the field test flat the ceiling is only 1”7 9 % (54.58cm)

above him.

The flat is situated on the corner, ground floor of a block of flats. The bottom wall
(against which the cooker rests) in the floor plan (Figure 7.21) is shared with an

adjacent flat. The remaining three sides are exposed.
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The issue to be investigated is that of cooking and its negative side effect (making the
kitchen-lounge air unbearably hot) that has been reported. The next section details
how the SIU Method was applied.

Problem Definition

Note: The steps were conducted by the tenant with the help of the author. It was

important to:

1) Quantify the Issues:

o The actual temperature at which the tenants start to find the atmosphere
unbearable. This will be used later as the Desired Overall Capability
Parameter.

o The extent to which cooking contributed to the tenants’ bills — to determine
if this was significant.

2) The System which gave rise to the Issues: It was necessary to determine whether
this “unbearable” temperature and above is only reached during and just after
cooking — if “unbearable” temperatures were reached at other times then this
would suggest that other factors contribute significantly to the high temperatures;
that is, that they are not just to do with cooking and these other factors would
require investigation. It was also important to determine where in the kitchen-
lounge “unbearable temperatures” were reached.

1. Establishing the threshold of “unbearable temperatures”: In the field test flat,
all of the windows and doors were closed and, using a standard thermometer,
the ambient temperature was taken at the tenant’s waist- level (this is also the
tenants head height when he sits at the dining room table, which he stated is
often where he sits) and around the kitchen-lounge — each corner and the
centre of the room registered 23°C within 1°C. The tenant stated that he did
not find this temperature uncomfortable. When the tenant started cooking, he
was asked to state at what point he started to find the temperature wholly
unbearable. At this point, thermometer readings taken were 25.5°C at the
tenant’s waist-level. At that point, thermometer readings were taken at the

same level at various other points in the kitchen-lounge and the readings were
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the same within 0.5°C. The temperature of the air at the tenant’s head height
when standing (which is 185cm) was then also taken in the same way — this was
27.6°C. Thus, the temperature at which the air starts to become “unbearable”
is established to be 25.5°C at waist-level and at 27.6°C at head-level for that
particular tenant.

2. Establishing the cost of cooking: To gauge this, a typical, high energy-use
cooking session was studied along with a gas bill provided by the tenant — the
tenant viewed this bill as being a fairly typical gas bill. This cooking session was
the making of a roast chicken meal using the tenant’s Creda Capri gas oven. All
appliances that use gas (the boiler and heating) were turned off and a gas
meter reading was taken. A chicken with potatoes and stuffing were placed in
the oven at Gas Mark 6 for 55 minutes — half way through this cooking time,
two gas rings were turned on at a middle heat for 20 minutes to boil
vegetables. Then, the gas meter reading was taken again. From this, the
amount of energy units used up and the resultant cost of the energy used was
calculated in the following way:

a) Reading the units: the units are expressed in metric units - the last 3 digits (with
a red border) which are displayed by the gas meter represent fractions of a
unit. The readings were:

e START 2025.847
e FINISH 2026.066
This difference gave (0.218) as the amount of units used during this cooking session.

b) The metric units are then converted to kWh (the gas suppliers make this
conversion so that so that their bills can be compared to electricity bills) in the
following way (as presented on a bill dated 15t August 2009, by British Gas, the

tenant’s supplier):
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metric units calorific volume to convert gas used
used value correction to kWh in KWh
0.218 X | 39.3965 | x 1.02264 + 36 | = 2.448

Table 7.14: Conversion of the metric units to KWh

c) The cost of the units used for this cooking session are calculated as:

a. Onthe tenant’s gas bill, there are two tariffs: the first 646 kWh are priced at
£0.06846 and the next 450.74 units are priced at £0.03275.

b. The tenant’s bill showed that he had used 1096.74 kWh. This would mean
that 59% of his bill (646/1096.74*100) would be at the higher tariff and the
remaining 41% would be at the lower tariff.

c. These percentages with the tariffs above were used to cost the cooking
session:

i. 41% x 2.448 kWh x £0.03275 = £ 0.03287

ii. 59% x 2.448 kWh x £0.06846 = £ 0.09888

The sum of these gave the total cost of cooking a whole roast dinner as £0.13

The tenant’s bill showed that he had used 1096.74 kWh of gas over an 88 day period
over from 19™ May 2009 to 15" August 2009. Therefore 1096.7+ 88 =  12.4625
kWh/day — this is the average kWh used each day. This would mean that the cooking
of a roast meal (which the tenant did infrequently — he usually did not cook that much
food or for that length of time) every day would only represent 19.6% (2.448+12.4625
/100) of his total gas use that day.
The process was repeated over consecutive days using other types of cooking. These
were:
a) Cooking food under the grill for 15 minutes: cost = £0.04p
b) Just using two rings on the hob for 20 minutes at a medium heat: cost = £0.06p
c) Baking a meal (just using the oven and not the rings) for 50 minutes at gas mark 6:

cost =£0.07p
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3. Establishing if “unbearable temperatures”
are only reached during and just after cooking:
To do this, Extech SD200 three channel
temperature data loggers (temperature
sensors, Figure 7.20) were put in place in this
tenant’s kitchen-lounge on the 20" December
2011. The sensors were to be there for over a
week and so had to be placed at positions that
were unobtrusive for the tenant (see Figure
7.21).

Sensor 1: was secured between the kitchen
window and the sink, at the tenant’s waist level
when standing (this is 119cm from the floor)
and this is also the tenant’s head height when
sitting at the dining table. This sensor was

190cm away from the centre of the cooker.

Sensor 2: at head-level by the cooker (185cm from the floor and 105cm from the

centre of the cooker).

The sensors were set to record the temperature at these points every minute in

degrees Centigrade. Alongside the temperature, the date, time, and the number of the

reading were also automatically recorded.

Testing the Sensor units: before the tenant started cooking, it was ensured that the

windows were kept closed along with the kitchen-lounge door and the front door. To

test if the sensors were working, the readings were compared with that of a

conventional thermometer: the readings were in agreement.

There was also a check to ensure that the temperature readings taken by the unit

could be transferred to an Excel spread sheet on a PC.
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v Sensor 2
Window
% Extractor fan
KI

D Sensor unit

Sen§6r1

1
Figure 7.21: Layout of the kitchen area and the position of the sensors

Data Collection: data was collected over a 10 day period (the 2011-2012 Christmas
holiday period). This period was chosen as the key researcher was available to conduct
constant ethnographic research to ensure that the sensor units were operating
correctly and to also record any events occurring in the kitchen-lounge that could
possibly influence temperatures in the kitchen-lounge. The temperatures external to
the flat were also noted. This was done so that the scope of the system could be
established; that is, so that any factors, internal or external, could be ascertained
which may:
e Contribute to unacceptable tempertures during cooking times and just after.
e Prevent temperatures becoming unacceptable during cooking and just after
e Contribute to unacceptable temperatures outside of cooking sessions.
a. Quantitative data collection: The sensor data was allowed to constantly record
data over the 10 day period.
i.  Ethnographic data collection: The events noted over a 10 day period were:
ii.  Windows being opened and closed
iii.  The extractor fan being turned on and off

iv.  The kitchen-lounge door being opened and closed
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The front door being opened and closed

Candles being lit

The heating being off and on at various times and being set at various levels.
Many people being in the kitchen-lounge, sometimes bringing hot food

The kettle or toaster being on

External temperature fluctuations

Hot food (in a hot container) being taken out of the oven

The data from the sensors were then transferred to PC and then matched against the

noted events.

No. Date Time Waist level Head level Notes 0_(5 Bvents
3407 | 23/12/2011 | 10:48:43 | 20.8 | DEGREEC | 21.7 | DEGREE C

3408 | 23/12/2011 | 10:49:43 | 20.7 | DEGREEC | 21.7 | DEGREE C

3409 | 23/12/2011 | 10:50:43 | 20.7 | DEGREEC | 21.7 | DEGREE C

3410 | 23/12/2011 | 10:51:43 | 20.6 | DEGREEC | 21.6 | DEGREE C

3411 | 23/12/2011 | 10:52:43 | 20.7 | DEGREEC | 21.5 | DEGREE C

3412 | 23/12/2011 | 10:53:43 | 20.7 | DEGREE C | 30.7 | DEGREE C 2= Dee 2011,

3413 | 23/12/2011 | 10:54:43 | 21.4 | DEGREEC | 36.2 | DEGREE C 10:53131/% -OvEn on.
3414 | 23/12/2011 | 10:55:43 22 | DEGREEC | 37.6 | DEGREEC

3415 | 23/12/2011 | 10:56:43 | 22.4 | DEGREE C | 40.1 | DEGREE C

3416 | 23/12/2011 | 10:57:43 | 23.3 | DEGREEC | 40.5 | DEGREE C

3417 | 23/12/2011 | 10:58:43 | 23.8 | DEGREE C | 40.8 | DEGREE C

3418 | 23/12/2011 | 10:59:43 24 | DEGREEC | 41.3 | DEGREEC

3421 | 23/12/2011 | 11:02:43 | 25.2 | DEGREEC | 42.4 | DEGREE C

Table 7.15: Sample data from the sensors transferred to the PC  Figyre 7.22: Event Notes

The data from the sensors and the notes were then analysed in Excel.

The whole procedure of collecting data from sensors was then repeated in August

2012 for 5 days: however, this time the events that were noted were solely when the

cooker was turned on and off.

Findings:

e Temperatures over 25.4°C at waist-level do, indeed, only ever occur when the

tenant is cooking or just afterwards. This suggests that outside and even internal

temperature fluctuations do not have any significant impact on high kitchen-
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lounge temperatures; that is, there is no correlation between any of the events
recorded (besides the cooker being turned on) and the unacceptable
temperatures.

e Not every incidence of cooking produces unbearable temperatures: it does not
occur when when one ring on the hob is turned on at a low heat for any length of
time and it does not occur if two rings are on at a high heat for less than 11
minutes.

e During cooking, extremely high temperatures can, indeed, be reached. The
maximum temperatures that have been reached (even with the extractor fan on,
windows open and the living room door open in December 2011) are:

o At waist level: 34.4°C
o At head level: 49.9°C

e The length of time that temperatures over 25.4°C at waist level are reached can be
for more than 1.5 hours — even with windows and doors open and the extractor
fan on.

e The actual range of difference between the head-level temperature and waist-level
temperature 15 minutes before the cooker is turned on (and at least 2 hours after
any cooking has taken place) has been found to be never more than 1.2°C.

e There was no correlation between cooked food in a hot container adding to the
temperature of the air. Although the temperature of a container when it was
removed from the oven can be 119°C (as recorded with a temperature sensor) as
soon as the cooker was turned off, the head-level and waist-level air started to
drop in temperature. This is the same situation as when pans of food were cooking
on the stove. For this reason, the effect of hot food and its container on the air
temperature appears to be minimal. Therefore, the cooked food in its container is
regarded as being an insignificant factor in causing excessive heat (at head—level
and at waist-level). Also, there were many times over the Christmas period when
people brought hot food to the tenant’s flat and this not correlate with waist-level

or head-level temperatures reaching an unbearable level.
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Conclusions:

1)

2)

3)

The actual temperature at which the tenant starts to find the atmosphere
unbearable

This is established to be at 25.5°C at waist-level and at 27.6°C at head-level for this
particular tenant.

The extent to which cooking contributed to the tenants bills.

Cooking appeared to contribute less than 19.6% of the overall gas bill; the
reminder of the gas bill is deduced to be due to the tenants other gas appliances
which are the boiler (used for hot water and central heating). However, for other
tenants who may have electric cookers, this situation may be quite different — their
cooking may contribute significantly to their bills. Nevertheless, this particular
tenant is expected to spend less than (£0.13x30 days) £3.90 per month on cooking
- the tenant stated that he thought this was good value and that even if, for
example, gas bills rose by 10% that he would only have to pay less than an extra
£0.39 per month which would not be a concern to him. However, this did then
bring into question how much he was spending on heating and hot water. To
conclude, it appears that gas cookers are fairly efficient in heating food; this is to
be expected as gas cookers provide a naked flame — little of the energy has to be
transferred from one medium to another which is the case with electric cookers.
For these reasons, the cost of cooking was not an issue worthy of further
investigation in this field test.

Whether this “unbearable” temperature and above is only ever reached and
surpassed during and just after cooking — if “unbearable” temperatures were
reached at other times then this would suggest that other factors contribute
significantly to the high temperatures; that is, that they are not just to do with
cooking and these other factors would require investigation.

The tenant’s assertion that unaccepetable waist-level (over 25.4°C) and head-level
(over 27.5°C) temperatures are produced which only occur during cooking times

and just after has been confirmed. Also, the length of time these unnacceptable
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temperatures are produced can be up to 1.5 hours (despite any other external and
internal events). Therefore, the system that produced these unacceptable
temperatures appeared to be solely that of cooking.

Not every incidence of using the cooker raises the waist-level temperature above
25.4°C: sometimes the hob is on only briefly and/or at a low level and the waist-
level and head-level temperatures do not reach this “unbearable” level.

The ceiling is low and can become excessively hot during cooking This is an
issue because the tenant’s height can mean that, when standing and walking
around the lounge-kitchen, there are times when he is breathing in air which is
very hot —a maximum of 49.9°C has been recorded at the head-level.

4) The system to be investigated: is that of the temperature of the kitchen-lounge
whilst the cooker is on just after.

Limitations of the Problem Definition:

The field test has only focussed on one tenant: the “unbearable” temperatures only

relate to this particular tenant and the field test has only focussed on his flat. If the

issue is to be considered further to, for example, redesign new flats or refurbish

existing flats other than that in the field test, it is recommended that other flats are

investigated and other tenants’ heating preferences ascertained.
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7.4.4 Application of the Quantitative SIU Method

STEP 1: Problem
Definition

A primary Service
Blueprint showing the
side-effect of  the
current cooking
capability to adversely
increase room
temperature was
created (Figure 7.23) -
the parameter values

are added later.
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Figure 7.23: Service Blueprint of the cooking capability and its

side-effect of heating the air (during cooking and after)
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STEP 2: Find the Overall Capability Parameter Gaps
Here, the Desired and Overall Capability’s parameter values were defined. From the

difference of these values, gaps in the Overall Capability are reckoned.

Exact data was required
regarding the extent of the

heat released during and after

o = g cooking. To accomplish this
sensor 1
with minimum inconvenience
to the tenant, four instances of
cooking (roasting, grill on, rings
on, roasting and rings on) were
recorded and, for each
sensor 4 ST instance, the window, front
door and living room door
were kept closed and, the
extractor fan was on for the

duration of cooking. One

typical instance of cooking is

depicted here. This is the

roasting  of meat and

vegetables that took place on

Figure 7.24: The position of the sensors 20t September, 2012. To
determine the exact temperatures that are reached during this cooking episode (and
afterwards), the following method was used:
Placement of Sensors (Figure 7.24):
1. At the head-level (185cm from the floor and 135cm from the top of the cooker which has
a height of 105cm) over the centre of cooker,
2. At waist- level (119cm from the floor and 30cm from the centre of the cooker which has a
width of 49cm)

3. Touching the cooker at the hob between two rings
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4. Touching the side of the cooker, 10 cm from the top of the cooker and 24.5cm from the

side

For the course of the experiment, the windows were kept closed, the kitchen-lounge

door was kept closed and the front door was not opened. This was to minimise the

impact of any events upon temperatures during cooking. It was apparent that, even
after cooking, the air remained quite hot for some time. To determine how hot the
cooker remained even after cooking, sensors were placed on it to gauge this.

The readings were checked half an hour before cooking started for constant
temperature readings (fluctuations of less than a degree) — these were recorded. This
was the ambient temperature before cooing commenced.

Cooking a roast dinner: This experiment was conducted at three different
times on three different dates — each experiment produced the same results within a
one degree difference: the oven was turned on at Gas Mark 6 and the extractor fan
was turned on after 5 minutes. The food in a roasting dish was placed in the oven.
Altogether, the oven was left on for 55 minutes (from 8:40:43am to 09:35:43am). The
food was then taken out of the oven and the temperature of the roasting tin was
taken. The food was plated and the roasting tin placed in the sink and filled with water.
The extractor fan was turned off. The data from the sensors and the times that the
cooker was on and off as well as the time that the roasting tin was taken out of the
oven along with the temperature of the roasting pan were then transferred to the PC
for analysis:

Findings:

1. Actual Waist-Level Temperature: the actual range of the waist-level air during
cooking was (range) 24.2-28.3°C. The number of minutes that the waist-level
temperature was over 25.4°C was calculated as the span of the actual overall
waist-temperature which was (span) 4hrs 18 minutes. When the oven and rings
are on at this gas mark and for this length of time, this range of temperature
always occurs — this therefore gives this actual waist-level temperature time-cycle

as being (TC) always.
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2. Desired Waist-Level Air: It has been established that the desired temperature that
the tenant would like the waist- level air to be is less than 25.5°C (range) and for
this to always be the case (time-cycle) . Furthermore, even though temperature
fluctuations may occur, the tenant desires the waist-level temperature to instantly
(span) revert back to being less than 25.5 °C. Note that the ideal temperature for
the tenant has not been established — only the maximum temperature that the
tenant can bear.

3. Actual Head-level Temperature: The actual range of the head-level air during
cooking is (range) 24.5-31.8°C. The number of minutes that the head-level
temperature is over 27.6°C is calculated as the span of the actual overall head-
temperature which was (span) 30 minutes. When the oven is on at this Gas Mark
and for this length of time, this range of temperature always occurs — this
therefore gives this actual head-level temperature time-cycle as (TC) always.

4. Desired Head-Level Air: It has been established that the desired temperature that
the tenant would like the head- level air to be is less than 27.6°C (range) and for
this to always be the case (time-cycle) . Furthermore, even though temperature
fluctuations may occur, the tenant desires the waist-level temperature to instantly
(span) revert back to being less than 27.6°C .

Conclusions:

As cost has not been deemed an issue, this is not depicted as a parameter.

e Overall Waist-level temperature gaps: the range that is actually above the
maximum desired temperature of 25.4°C gives the overall waist—level
temperature gaps as 25.5-28.3°C. The length of time that this lasted for was
4:18 hours — this is the span gap: that is, the effect lasted 4:18 hours more
than desired.

e Overall Head-level temperature gaps: the range that is actually above the
maximum desired temperature of 27.5°C gives the overall head-level
temperature gaps as 27.6-31.8°C. The length of time that this lasted for was 30
minutes — this is the span gap: that is, the effect lasted 30 minutes more than

desired.
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STEP 3: Find the Gap-Located Capability(s) Within the System
Here, each of the Desired and Actual sub-capability’s parameter values were defined.
From difference of these values, gaps are located in the sub-capabilities.

As soon as the cooker was turned off, the head-level and waist-level air start to
cool. This would indicate that the cooker being turned on (a naked flame) is the major
contributing factor in over-heating waist and head level air. As there is a distinct
correlation between the temperatures that the side and top of the cooker reach and
the head-level and waist-level air temperatures (Figure 7.25) — this would indicate that
during cooking and just after, the temperature of the cooker contributes to the
temperature of the waist-level air and head-level air.

If, during the oven being on, the cooker (its top and side) could be kept to a
temperature that is nearer to the temperature it is before cooking commences (given a
leeway of, say, no more than 2°C more than the maximum desired waist level

temperature), then this could substantially reduce the head-level and waist-level air

becoming so hot.

Cooker on
Parameter Desired Capability Value Actual Capability Value Capability Value Gap
Range <27.5°C 24.2-42.7°C 27.5-42.7°C
Span instant 1:05 hours 1:03 hours
TC always always always

Table 7.16: Cooker’s side temperatures (when the oven is on)

Parameter Desired Capability Value Actual Capability Value Capability Value Gap
Range <27.5°C 24.2-48°C 27.5-48°C
Span instant instant 1:03 hours

TC always always always

Table 7.17: Cooker’s top temperatures (when the oven is on)

Cooker off (just after cooking)

Parameter Desired Capability Value Actual Capability Value Capability Value Gap
Range <27.5°C 24.2-42.7°C 27.5-42.7°C
Span instant 1:05 hours 1:45 hours

TC always always always

Table 7.18: Cooker’s top (when the oven is off)
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Parameter Desired Capability Value Actual Capability Value Capability Value Gap
Range <27.5°C 24.2-48°C 27.5-48°C
Span instant instant 1:50 hours

TC always always always

Table 7.19: Cooker’s side (when the oven is off)
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Figure 7.25: Cooker, Head Level and Waist Level Temperatures

Determine the Gap-Located Capability(s):
These are the offending capabilities. That is, they are the sub-capabilities that
contribute to the gaps in the Overall Capability:
1. The cooker being on (and just after) - the waist-level and head-level air only
ever reach unbearable temperatures when the cooker is on (and just after it

has been on).
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2. The local environment - even after the cooker has cooled, the waist-level air
remains at unbearable temperature for about 2.5 hours afterwards. It is the
local environment - the lounge-kitchen (rather than the wider
environment) that is responsible for this as, if the there was no building
structure in place to contain the air; the hot air would immediately

disperse.

STEP 4: Corroborate the System Definition:

At the time of the study the housing association could not release the manpower to
examine the findings. However, these findings were shown to two experts in heating
and ventilation systems who have dealt with similar issues: they suggested that it
could be the boiler that is the source of heat and, that hot air rising during cooking
could leave cooler air to trigger the boiler. As the boiler had had no sensors placed on
it, this had to be tested for. The cooking of a roast chicken meal was repeated in
September 2012 and the boiler was turned off. The same temperatures at waist and
head level were reached which meant that boiler activity was not a factor in this
system.

The findings were also presented to an expert in civil engineering for his
opinion. He examined the findings and concluded that these high head-level
temperatures, by air currents mixing the air, could contribute heavily to the heat of the
waist-level air and the length of time that the air remains hot. As the tenant’s ceiling is
low, this is expected to happen whenever, for example, the tenant moves round the
room. He also suggested that it could be the dimensions, construction and/or
ventilation system of the kitchen-lounge which could be containing the air and
allowing the hot air to accumulate; such an assessment could mean that the local
environment could have a significant impact upon the air temperature.

The findings were also compared to recommended indoor temperatures:
e Directgov is the UK government's digital service for people in England and Wales
and it provides a single point of access to public sector information and services - It

recommends that living rooms should be heated to around 18-21°C (64-70°F).
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(http://www.direct.gov.uk/en/HomeAndCommunity/InYourHome/KeepingSafeAtH

ome/DG 10027755).

e TUC (Trades Union Congress) is a national trade union centre, that is, a federation
of trade unions in the United Kingdom which represents the majority of trade

unions. Their website (http://www.tuc.org.uk/workplace/tuc-12183-f0.cfm) states

that “The TUC has called for a maximum temperature of 30°C (27°C for those doing

strenuous work), so that employers and workers know when action must be taken.

It should be stressed that this is intended as an absolute maximum rather than an

indication that regular indoor work at just below 30°C would be acceptable.

Employers should still attempt to reduce temperatures if they get above 24°C and

workers feel uncomfortable.”

From this, it does appear that the temperatures which are reached during and just
after cooking can be far above those which are deemed to be comfortable
temperatures.

STEP 5a: Operand-Operant Decomposition of a Gap-Located Capability:

Decompose the largest gap located capability into its operand and operant resources.
The environment (the local and wider environment) is an enveloping capability that
can, simultaneously, both accommodate and restrain many disparate capabilities that
take place within it — it can have a negative or positive impact on many capabilities. As
the hot air is contained by the local environment (the kitchen-lounge), the problem-
space can be divided into two capabilities:

1) The cooker being on (and just after) which is the gap-located capability. The
stakeholder who currently controls this is the tenant.

2) The environment of the flat — this has an impact on where heat collects (for
example, more towards the ceiling) and how heat is dispelled (for example,
through the extractor fan). This is under the control of the housing association
(specifically, the maintenance staff and the architect and civil engineer).

Each of these capabilities can be decomposed into its constituent parts of: operant

resource (the resource that is worked upon to produce an outcome), the operand
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resource (the resource which does the work) and the process by which the operand

resource changes the operant resource (Figure 7.26).

THE CURRENT CAPABILITY HOLDER: The Customer: the tenant

ENVIRONMENT: Kitchen-Lounge Outcome

ﬂess:
Flame heats

the air

Hot Waist
Air

Process:
Cooker heats

the air

=>

Operant Resource Operant Resource Operand Resource Hot Head

T Ayjiqede)

Air

Figure 7.26: The Operand-Operant Diagram of the Cooker Capability

STEP 6a: Determine the Stakeholders and Their General Roles

Tenants: Some of the tenants (those who were interviewed for this field test) have
serious medical conditions. Their needs are for comfortable housing which is
convenient (that is, close to amenities they require). At the moment, it is the tenant
who is responsible for the cooker that they place into the flat. As for the flat, it is the
housing association which is responsible, ultimately, for the environment that is, the
design, maintenance and refurbishment of the flats themselves.

STEP 7a: Compare the Capability to Other Similar Capabilities

To help generate solutions, comparisons across data sets can be made (if such data is
available) for other similar capabilities where the gaps do not appear. Alternatively,
qualitative comparisons can be made. In this case, only one kitchen-lounge in this
block of flats was studied in detail; no data had been collected on any other similar
kitchen-lounge were these gaps do not appear. However, it is known that microwaves
emit less very little heat as compared to cookers and so this could be one possible
solution.

STEP 8a: Propose Solutions

Apply a Proposals Matrix to the gap-located capability (Table 7.20) - each element in
the decomposition diagram (operant resources, operand resources and the process
that the operant resource uses to change the operand resource) is considered in turn

for redesign. The application should be done with the help of other stakeholders
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and/or experts in that capability and process. For this case study, although the housing
association was not available, two kitchen appliance sales store managers from two
nationwide kitchen specialist retail companies were consulted. Each type of solution
generated is then estimated as to the extent that it should close the gaps (High,
Medium, Low). If a solution cannot be generated for a particular type of redesign then
“N/A” (Not Applicable) can be stated. The solutions are then accepted or rejected by

the stakeholder in question — the accepted solution(s) are then highlighted in red.
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The Tenant

Types of Decrease UNBEARBLE HEAT DURING COOKING
Generic Change in gaps - STEPS THE TENANT CAN TAKE

RANGE [ SPAN | A new conceptual design (a new system) for tenants to have hot meals

l)ggl‘:’cEpTUAL could be provided by meals on wheels or the tenant buying takeaways.

DESIGN High | High This would totally remove the need to cook. Rejected - the tenant wants
to cook his own food.

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

a) MARKET L L The receiver here is the tenant — if the tenant suffers from the heat, the
SEGMENT/ OW= | YW= | tenant could move to more suitable accommodation. Rejected — the
High High
RECEIVER SHIFT tenant does not want to move.

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

Operant (Naked Flame), Operant (Cooker) — substitute the gas hob with
an induction hob (these hobs are energy efficient and they do not heat
the air — they heat the pan only). Special pans are needed for this. Positive
side effects are that cooking time can be twice as fast as compared to
conventional hobs and the possibility of burns are reduced which could
benefit some types of disabled tenants as well as those with children. A
negative side effect is they can also be noisy when more than one cooking
zone (ring) is in use which could be an issue for an open plan kitchen-
lounge. Another negative side effect is that because of the powerful
electromagnetic field, induction cooking may not be suitable if the tenant
(or any of their visitors) has a pacemaker fitted. For this reason, the
tenant rejected this option.

Operant (Naked Flame), Operant (Cooker) - halogen ovens could be used
instead — these can cook food in about half the time and the casing can be
cool to the touch which means that the oven would not continue to heat
the air. A disadvantage is that the tenant would have to get used to a new
way of cooking and halogen ovens do not have the capacity of traditional
ovens — tenant rejected this idea.

Low- | Low- | Operant (Cooker) - Substitute the Creda Capri for another gas cooker that
Med | Med | emits less heat.

Operant (Cooker) -To eliminate the hob and oven, a microwave could be
used instead — these do not heat the air and cooking time is drastically
reduced. The tenant did not find this to be a generally acceptable way of
cooking — rejected.

c) ADDITION Med | Med | Operant (Cooker) — an air conditioning device could help to cool the air.
There would appear to be no way to customize any of the elements of the
capability to close these gaps.

High High

a) SUBSTITUTE

High High

b) ELIMINATE High | High

d) CUSTOMISE N/A | N/A

4) ENVIRONMENTAL CHANGE

This is defined here to be the area around the cooker: the gap in
temperature range in this capability is produced by air being heated.
Therefore, a way to treat this gap could be the addition of a cooker hood
High | High | —this would remove most of the hot air. Other positive side effects could
be a decrease in humidity as well as cooking odours as well as carbon
monoxide. However, cooker hoods can be noisy. The tenant found this
option acceptable.

This is defined here as the kitchen-lounge: this is one part of the problem-
b) CHANGE WIDER n/a | nya space; that is, it is a separate capability that would affect the waist-level
ENVIRONMENT and head-level temperatures.

a) CHANGE LOCAL
ENVIRONMENT

Table 7.20: The Proposals Matrix applied to the cooker capability
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STEP 10: Next Tier?

Although the tenant can change the cooker, besides opening the windows and doors,
there is little they can do to change the environment which dictates the way hot air
collects within the kitchen-lounge. This capability belongs to the housing association
who supplied the flat and those who work for it. This is to be explored to gauge how
changes could be made to the kitchen-lounge room.

STEP 11: Increase the Tier by 1:

The Tier now becomes equal to 1: The Housing Association

STEP 6b: Operand-Operant Decomposition of a Gap-Located Capability

THE CURRENT CAPABILITY HOLDER: The Customer: the tenant
ENVIRONMENT: The kitchen-lounge room Outcome
(@)
Q
© Process: Process: Hot Waist
Q Flame heats Cooker heats Air
g. the air the air
=
<
= Operant Resource Operant Resource Operand Resource Hot Head
Air
THE CURRENT CAPABILITY HOLDER:
The Provider: the housing association
(@)
Q) ENVIRONMENT: The kitchen-lounge room
©
Q
o Process
= Keeps the air
.2" ) within the Hot air in the
) kltch.en-.lctun.ge Kitchen-
and inhibits its Lounge
cooling
Operant Resource Operand Resource
Outcome

Figure 7.27: Operand-Operant Diagram of the kitchen-lounge Capability to retain hot air

STEP 7b: Determine the Stakeholders and Their General Roles

The Community Housing Association

One remit of the housing association is to provide people who are seriously ill with
accommodation which is well placed (such as near to a doctor’s surgery, pharmacy,
hospital and shops) and for this accommodation to be affordable as well as

comfortable for the tenant. The building of flats and houses are often performed by
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property developers who, instructed by the housing association, then make use of
architect, civil engineers and builders. This information was gathered by the key
researcher for this field test being invited to and attending a housing association’s
resident’s meeting at which two housing association representatives were present.

In order to ensure that the existing apartments meet the needs of the current
tenants and to inform the design of new apartments, the housing association gathers
information from their tenants through surveys and by holding resident association
meetings. Both forums allow the tenants to state any problems and make suggestions.

The housing association maintains and periodically refurbishes the
accommodation it offers; for this it employs maintenance staff and experts such as civil
engineers as well as builders who execute the designs.

STEP 8b: Compare the Capability to Other Similar Capabilities

It was known that if the kitchen is separate from the lounge, then kitchen
temperatures should have little impact on lounge temperatures.

STEP 9b: Propose Solutions

The changes regarding the kitchen-lounge capability (see Table 7.21) were created

with the help of a civil engineer and architect.
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The Housing Association

Determine the needs
of vulnerable people
in the locality who
require special
housing.

Locate vulnerable
people who need this
accommodation —
offer the
accommodation.

Maintain & refurbish
accommodation

I S S

Feedback
regarding the
accommodation

Instructions

(a set number of
flats of a certain
type)

Architectural Design
instructions

Civil Engineering
Design instructions

Build Houses/Flats

Property Developer

Accommodation

Inhabited

Line of|Interaction

Line of Visibilitv

Line of Interaction

Line of Visibility

Tenants

Figure 7.28: The stakeholders of this case study
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UNBEARBLE HEAT DURING COOKING
- STEPS THE HOUSING ASSOCIATION CAN TAKE

RANGE | SPAN | Operant Resource (Kitchen-Lounge): For new flats, the kitchen area could be
architecturally designed as a separate room. This would probably increase the foot

High | High print of the flat and each new room would probably feel smaller — the cost of the
build would probably also increase. Because of these repercussions this may not be
an acceptable solution.

1) NEW Operant Resource (Kitchen-Lounge): For new flats, the architectural design could
CONCEPTUAL involve the kitchen and living area being partitioned at the head level only by using a
— decorative arch that can span from the walls of the room and could add aesthetic

':’_:Ieg: ':’_:Ieg: appeal to the room. The hot air rising towards the kitchen ceiling will be prevented
from moving along into the living area and will be more confined to the kitchen area
where it can be extracted out. This solution would need to be verified by measuring
the temperature variation along the ceiling to see how it varies along the ceiling, with
and without an arch.

Low- | Low- | Operant Resource (Kitchen-Lounge): Higher ceilings or larger kitchen-lounges could

Med | Med | help to disperse hot air. However, this could result in higher build costs.

Low- | Low- | Operant Resource (Kitchen-Lounge): For new flats, the architectural design could

Med | Med | involve sliding doors which separate the kitchen/cooking area.

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

a) MARKET The property developer would most likely want to continue working for such an
SEGMENT/ N/A | N/A | important customer as the housing association and It is unlikely that there would be a
RECEIVER SHIFT specialist property developer that could tackle the problem any better.

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

Operant Resource (Kitchen-Lounge), Process: Substitute the existing ventilation with
heat recovery ventilation — also known as a heat exchanger, air exchanger or air-to-air
exchanger, is a ventilation system that employs a counter-flow heat exchanger

ENVIRONMENT

a) SUBSTITUTE ':Ie: ':Ie: between the inbound and outbound air flow. Heat recovery ventilators (HRVs)
o e e recover the heat energy that would normally escape, and transfer the heat to fresh
STAFE air as it enters the building. However, given the actual short time durations of cooker
use, the amount of energy saved will probably not justify installing a system of such
complexity.
Med | Med | Operant Resource (Kitchen-Lounge), Process: Substitute the extractor fan for a more
-High | -High | powerful fan.
Operant Resource (Kitchen-Lounge), Process: The only way to eliminate hot air being
b) ELIMINATE N/A N/A . .
contained in a small space would be to open that space to the elements.
c) ADDITION Operant Resource (Kitchen-Lounge), Process: A cooker hood could be installed into
MA“:I;':FANCE High | High | each of the flats — this solution also changes the local environment
Operant Resource (Kitchen-Lounge), Process: An arch could be added to existing
Low | Low | flats. However, this may be very difficult to accomplish given the current
d) CUSTOMISE configuration of existing flats.
CIVIL Operant Resource (Kitchen-Lounge), Process: Sliding doors could be fitted to seal off
ENGINEER the kitchen area to reduce the heat from the cooker after cooking has taken place.
Low | Low | The extractor fan may need to be moved to behind the sliding doors. However, it may
difficult to customize existing flats and this would take away the feeling of openness
and spaciousness of the living room.
4) ENVIRONMENTAL CHANGE
a) CHANGE LOCAL This is defined as the flat in general: the door to the kitchen-lounge could be removed
ENVIRONMENT |\ | Med | Which would give hot air more room to disperse. However, this would then mean it
MAINTENANCE would cost more to heat the room.
STAFF
b) CHANGE WIDER | n/a | n/a There would appear to be no changes that could be made by the civil engineer to the

wider environment which would to close these gaps

Table 7.21 The Proposals Matrix applied to the kitchen lounge
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STEP 10b: Next Tier

No further Tiers are required to be examined.

STEP 12: Rate and Select Solutions

1. The Cooker Capability: The tenant in the field test flat commented that, although
he had noticed that his kitchen-lounge becomes hot, he had not realised exactly
how hot it can become until the findings from this study was presented to him and
he was quite alarmed by the negative effect it may have on his health.

This tenant in the field test was interested in the cooker hood solution. It
should be noted that although the tenant can institute this change, the housing
association could also consider adding such solutions to their flats as this could
improve their offering as this would augment the PSS that they offer to vulnerable
people. The tenant was particularly interested in the cooker hood solution if the
housing association would purchase, install and maintain it.

This field test findings and the Proposals Matrix was presented to the other two
tenants who were originally interviewed; these tenants expressed their
appreciation of this study. They had not realised exactly how hot their kitchen-
lounges can become or the length of time that such heat can linger. Each of them
expressed a belief that this contributes to their ill-health and a general feeling of
malaise. They also expressed appreciation for the range of solutions that they can
now consider. Nevertheless, all of the possible solutions from this Matrix were
rejected by these two tenants — two of the tenants thought that a cooker hood
would take up too much space and be too noisy for a small area.

2. The Kitchen-Lounge Capability: This Proposals Matrix was shown to the three
tenants who were interviewed. They all favoured the solution of the housing
association substituting their current extractor fan with one that is more powerful-
this could be fairly easily and quickly accomplished by the housing association’s
maintenance staff.

The solutions would have to be selected or rejected by the housing association; it

could well be the case that the housing association would have more pressing

concerns to address. Nevertheless, this study could help to inform the future designs
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of new builds. The housing association (specifically, the maintenance staff, the
architect and civil engineer) will need to ascertain if instituting any changes will impact

upon any other capabilities or the aesthetic appeal of the flats.

7.4.5 Results

Notes were taken during the three validation sessions and these were written up by
the author of this thesis and then presented back to the Validators. Revisions
suggested by the Validators were then incorporated into this text; this happened
several times until the Expert Validator deemed that no more revisions were
necessary. The Validators’ responses to questions regarding the validation are detailed

in Appendix L.

The Tenant

The tenant believed that he would not have been able to explore various
solutions to his problem so thoroughly without the SIU Method. He also stated
that he had applied the SIU Method to a non-engineering problem (a teaching

issue) with favourable results.

The Expert Civil Engineer

The SIU Method was found to be complete and to be reasonably easy to apply.
The Civil Engineer did not know of any other method which could
systematically produce such a wide range of solutions which consider each
aspect of a system, especially those solutions which were particularly

innovative.

The HVAC Consultants

The HVAC engineers tend to use their intuition as informed by their
considerable experience of HVAC systems to solve client issues. They found the
SIU Method useful in that it all steps in problem identification and solution

generation are systematically covered — none can be accidently left out. They
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also found the method useful for knowledge transfer (between colleagues)

about a client issue.

7.4.6 Application Conclusions

The solutions produced in this particular field test help to improve an existing product-
service system (flats for rent) that are offered by a housing association: it does this by
improving the use value that the tenant (the customer) would experience. This could
be important for the housing association as one remit they have is to provide suitable
rental accommodation for people who are or who have had serious illnesses: if this is
not achieved then it could be the case that tenants may move and/or that the housing

association’s funding body could withhold funding.
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7.5 Validation 4: A Truck Driving Instruction Case Study
A Qualitative Push Application of the SIU Method

7.5.1 Introduction

Technology Supplier Truck OEM Trucking/Delivery

Company

Figure 7.29: The value chain in this trucking instruction validation case study

A Technology Supplier to a Truck OEM had expressed interest in the SIU Method. Their
usual procedure for generating new conceptual technologies and services is based
upon their considerable expertise in computing, electronic and mechanical
engineering, telecommunications and sensor technology and it starts with idea
generation at their annual customer advisory group; the analysis and depiction of the
issue that is performed by the SIU Method tends not to be performed by this company.
Furthermore, the ideas that they generate and select tend not to be systematically
compared with other possible solutions that could also satisfy that need of the
customer. This is usually not a problem for them as the company is small and very
client-facing. However, in the future, there could be times when they have to partner
with other organisations for solution generation, assessment and development so a
more structured method could be useful to them in those instances in order to share
information across company boundaries.

Usually, the Technology Supplier starts the process of innovation by holding
their annual customer advisory group from which suggestions are generally made by
the customers with regards to how new products and services or the customisation of
existing ones could fulfil their needs. However, there can be occasions when this
happens in reverse where the Technology Supplier has an idea of how a technology or
service could enhance their customers’ processes. Receivers are often unaware of how
new offerings (particularly new technology and business models) can improve their
processes so it can be for providers and suppliers to demonstrate this. In such
instances, it would be important for the Technology Supplier to have a method to fully

detail (in a way that could be understood by the customers) how that technology could
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actually enhance customer processes above other solutions. Furthermore, that
method should also allow any customer to perform those calculations and estimations
based on their exact processes to further assess such a solution.

What follows next is an application of the Qualitative Version of the SIU
Method to an example scenario where the actual starting point is where the
Technology Provider has a solution in mind that they deem could greatly improve a
certain process of their customers. Using the SIU Method in this way represents a

push strategy rather than the pull strategies of enhancing systems in the previous case

studies.

7.5.2 Method

This is depicted in Figure 7.30 and Figure 7.31. Literature Review

The paler grey areas represent data collection

—~

from the respondents. Visit to the Truck OEM’s premises and

1. A literature review on themes related to sl LT @ el podeese

~ =

the study had been conducted before the 5 semi-structured, exploratory

interviews with the Truck OEM’s senior

investigation at the companies.
managers

2. The truck OEM’s UK head office was ~ =

1 semi-structured, exploratory
interview with a senior manager at a
Delivery Company

visited where a ‘walkthrough’ of main

processes were conducted with a senior
manager.

Five  exploratory interviews  were
conducted with five senior engineering
and business managers in the truck OEM

over the course of seven hours. At each

e ==

2 semi-structured, exploratory
interviews with senior managers at the
Truck OEM

~

A semi-structured, exploratory
interview with a senior manager from
the Technology Supplier Company

exploratory interview, the aim of the jgyre 7.30: The background research - the

research (as presented in Chapter 1) was Truck OEM, their customer and supplier.

presented and then a semi-structured, exploratory interview was conducted to

discover their AS-IS practice for using field data to influence PSS Conceptual Design.
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Each interview was recorded then later transcribed and the findings were used for
the investigation as described in Chapter 4.

4. After the SIU Method had been devised (see Chapter 6), a customer of the Truck
OEM (which is a delivery company) was visited where the aim of the research (as
presented in Chapter 1) was presented and then a semi-structured, exploratory
interview (See Appendix M for the questions) was conducted with a senior
manager to source possible case studies to apply the SIU Method to in order to
assess the method’s merits and demerits.

5. After the SIU Method had been devised (see Chapter 6), a Technology Supplier
Company to the Truck OEM was visited. The meeting was attended by a senior
manager of the Technology Supplier Company and two senior managers from the
Truck OEM. The aim of the research (as presented in Chapter 1) was presented as
was an overview of the SIU method (as previously outlined in Chapter 6). Then a
semi-structured, exploratory interview was conducted with the senior managers
from the Truck OEM (See Appendix N for the questions) to discover their AS-IS
practice for using field data to influence PSS Conceptual Design. Each interview
was recorded and then later transcribed and, again, the findings were used for the
investigation as described in Chapter 4. They were also asked about possible case
studies to apply the SIU Method to (these questions are also in Appendix N).

6. Then a semi-structured, exploratory interview was conducted with the senior
manager from the Technology Supplier Company (See Appendix O for the
questions) to uncover their AS-IS process for using field data to influence PSS
Conceptual Design. The manager from the Technology Supplier Company was also
asked about possible case studies to apply the SIU Method to (these questions are

also in Appendix O). The interview was recorded and then later transcribed.
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The senior manager at the Technology
Teleconference with the senior

Supplier Company had expressed manager at the Technology provider
particular interest in the SIU Method. A LInLEMAL: thsijjllewon SEICEES
teleconference was held with this -

Application of the SIU Method by the

had been elicited in the previous ~ 1
Corroboration of parts of the validation
with a senior manager from the Truck

method could be validated. Any case OEM and also a simulator specialist.
=
Report on the validation was produced
sensitive issue to the companies | andsent to the validator
-~
Revision of the validation report based
information outside the companies | on the validator’s feedback.

—

would not compromise the proprietary ~—

interviews against which the SIU

study selected had to be a non-

involved where the sharing of case

knowledge of the companies involved. Veliiion Interen

A case study was selected where this Ejgyre 7.31: The Methodology for the

was the case and which would allow for validation of the instruction case study

the evaluation of the SIU Method against the way that the Technology Provider
Company usually addresses such issues.

The SIU Method was then applied by the validator to the selected case study.
Notes were taken by the researcher during this time.

Parts of the validation were corroborated by a senior manager of the Truck OEM
and by a Simulator specialist who is employed as a senior academic and also as a
consultant in companies that produce simulators.

A report on the validation (the application of the SIU Method) was produced and
sent to the validator.

The report was revised in the light of the feedback from the validator.

The validator was then interviewed (the interview questions are in Appendix P)
with regards to the merits and demerits of the SIU Method. A report was created

and then revised based on feedback from the validator.
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Participants Years of experience
Senior Manager 1 at the Truck OEM 8
Senior Manager 2 at the Truck OEM 5
Senior Manager 3 at the Truck OEM 11
Senior Manager 4 at the Truck OEM 7
Senior Manager 5 at the Truck OEM 10

Senior Manager 6 at the Truck OEM
Senior Manager 7 at the Truck OEM

Senior Manager at the Delivery Company

v o O

Senior Manager at the Technology Provider Company (The last 20
years of his employment has involved the gathering of customer
requirements as well as solution development and provision).

Table 7.22: Job roles and years of experience of the interviewees (Background to Truck Case
Studies)

Participants Years of experience
Senior Manager 3 at the Truck OEM (same as in Table 7.22) 11
Senior Manager at the Technology Provider Company (same as in 5
Table 7.22)
Senior Academic and Consultant in Simulators 12

Table 7.23: Job roles and years of experience of the interviewees (Instruction Case Study)

DATA COLLECTION Res’:;g;nts L‘:‘s‘;
1 ‘Walkthrough’ of the main processes of the Truck OEM 1 1
5 interviews with the Truck OEM’s senior managers 5 7
1 interview with a senior manager at a Delivery Company 1 2
2 interviews with senior managers at the Truck OEM 2 1
1 interview with a senior manager at the Technology Supplier Company 1 2.5
Total 13.5

Table 7.24: How the data was collected against the number of interviewees and interview
hours (Background to Truck Case Studies)
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DATA COLLECTION No.Of | Time
Respondents  (hrs)
Teleconference with the senior manager at the Technology provider Company for 1
the selection of a case study 0.45
Application of the SIU Method by the validator to the case study 1 2
Corroboration of a part of the validation with a senior manager from the Truck
OEM. 1 05
Corroboration of a part of the validation with a simulator specialist. 1 05
The validator was then interviewed with regards to merits and demerits of the SIU 1
Method. 1
Total | 4.45

Table 7.25: How the data was collected against the number of interviewees and interview

hours (Instruction Case Study)

7.5.3 Case Study Background

This validation is based on a case study of a Truck OEM and their Technology Supplier.

The Truck OEM provides leased trucks which are equipped with sensors that can

detect how the vehicle is being driven. A Technology Supplier Company is the supplier

of this driving fault-detection system and they also supply other ancillary, high-tech

capabilities. In order for the truck OEM to offer the trucks on a leased basis, they have

to be aware of how the trucks are being driven so that they can take steps to reduce

any driver misuse which could damage the asset. The drivers who have repeatedly

made such driving faults (such as repeated harsh braking) are sent for re-training.

Training (and the scheduling of the training) can be an expensive and protracted affair.
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7.5.4 A Qualitative Application of the SIU Method

1. Problem Definition

a.

Define the issue:

Gauge the Extent of the Issue: To arrange driving instruction, the
driver, the truck and the instructor all have to be scheduled which
can take some time particularly as many driving instructors only
give instruction from 9am-5am, Monday to Friday. Part of the
reason for this is appears to be that some instructors favour
daylight hours for instruction to be given. Another issue is that, for
the faults that the driver has committed, it can be impossible for
the conditions (such as car crashes and skidding in the snow) under
which the fault occurred to be revisited at will. Because of the time
it takes to schedule the driver, truck and instructor, instruction
tends to be allocated for a whole day; this can mean that the driver
may have to practice manoeuvres for which they have committed
no faults whilst also not really being able to practice (because of the
weather and road conditions that day) the faults that they had
committed. In addition to this, the truck OEM’s client (who are in
the business of delivery) often have to release the driver from work
for a whole day which can be added expense; without the driver,
the whole delivery system for that driver and truck becomes
unavailable.

The Severity of the Issue: The issue was reported by the senior
manager from the Delivery Company and the validator confirmed
that there had been end-users (delivery companies) who they

interact with regularly who had expressed the same issue.

b) Determine the scope of the system: The issues arise when the current

instruction process is being scheduled and then delivered. The issue of the

driver not being able to practice all of their driving faults appears to be to

do with the impact of the environment at the time of driving instruction:
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the conditions under which the original fault occurred cannot always be
revisited or replicated.
c) Depict the Receiver’s Current Process — The current driving capability is
depicted in Figure 7.33. Extended Service Blueprinting is used here because
(as will be shown later).
2. Describe the Gaps in the Overall Capability:
i. A Description of the Actual Overall Capability Parameter Values:

® Range: it is only possible for the driver to really practice some driving
faults as the conditions of other faults cannot always be revisited or
recreated during instruction

e Span: one day

o TC: it can take weeks to schedule the driver, instructor and the truck.
Then, when driving instruction is given, it tends to be from 9am-5pm

e Cost: the cost tends to be high as it encompasses the instructors salary
and benefits, the cost of the truck along with its operation (such as MOT,
insurance and fuel) and, often, the loss of the driver for a day

ii. A Description of the Desired Overall Capability Parameter Values:

® Range: All of the faults that the driver committed (under the conditions
they occurred) should be practiced.

e Span: The length of time that it takes to instruct the driver on just the
driving faults that the driver had committed and for no other instruction
to be given

e Time-Cycle: The instruction should also be available outside of office hours
and on demand

e Cost: For instruction to be less expensive and for it to be given outside the
drivers hours of duty else there is the cost of replacing the driver for that
time.

iii. The Overall Capability Parameter Gaps:
e Range: Some of the faults that the driver committed (under the conditions

they occurred) cannot always be practiced.
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e Span: Many hours

e Time-Cycle: The instruction is not on demand and can take weeks to
arrange

e Cost: high cost

3. Describe the Gap-Located Capabilities within the Capability:

o The Actual Sub-Capability Parameter Values: these are depicted in Figure
7.33.

o Define the Desired Sub-Capability Parameter Values: these are also
depicted in Figure 7.33.

o The Desired Sub-Capability Parameter Gaps: There are several Gap-
Located Capabilities. These are at the driver, the truck and the instructor
sub-capabilities. As all of these gaps appear to be large, they are grouped
so that a common solution can be found for all of them later. The
alternative would have been for each Gap-Located Capability to be
explored separately during the course of several iterations of the body of
the SIU Method.

4. Corroborate the System Definition: The system definition of the current driving
instruction capability was corroborated with a senior manager from the Truck
OEM.

5. Create an Operand-Operant Diagram
Here, an Operand-Operant Diagram is created for the grouped Gap-Located
Capabilities. The terms ‘operant resource’ and ‘operand resource’ are not fixed
terms which can describe a resource but, rather, the terms describe the relation
between two resources. For example, in this case study, the driver is an operant
resource when driving the truck (which becomes an operand resource). However,
the truck then becomes an operant resource in relation to the instructor who
becomes an operand resource: this occurs because the movement of the truck
changes the instructor’s commands. Finally, the instructor becomes an operant
resource when the instructor’'s commands change the behaviour of the driver

who, at that moment, becomes an operand resource. Because of this, for this case
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study, each Gap-Located Capability can be described as both an operant and

operand resource and is depicted as such.

ENVIRONMENT: UK roads under various weather, road and lighting conditions

Operand/Operant Operand/Operant
Resource Resource

Process
Driving

Trained
Driver

Process
Influencing
instruction

Outcome

Process
Influencing
instruction

Process
Instructing

Operand/Operant
Resource

Figure 7.32: The Operand-Operant Instruction Capability

6. Determine the Stakeholders:
The stakeholders are the driver, the instructor and the provider of the truck.

7. Comparison of Similar Capabilities:
Driving simulators which give instruction allow for the practice and correction of
all driving faults, including those in extremely dangerous conditions (such as car
crashes), are possible. The instruction could last for minutes (for the practice and
correction of one fault) or it could last for hours. It is possible for the simulator to
be constantly available (24 hours a day, 7 days per week): this could mean that it
could serve very many drivers who could just practice and correct individual faults
as they arose whenever they had spare time outside of their driving duties. The
cost of running a simulator is very low and software upgrades are often free.

8. Propose solutions
These were performed by the validator who has considerable knowledge of the
receivers (the drivers) and the instruction they receive as well as a wide
knowledge of available technologies (Table 7.26). It was then corroborated by the
simulator specialist.

9. Next Tier?
For this validation, no further Tiers are to be examined.

10. Next Gap-Located Capability?
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Other than the grouped Gap-Located Capabilities, there are no further Gap-
Located Capabilities to be explored.
11. Rate and Select Solutions

The solutions were rated as to how much they are expected to close the gaps by
the senior manager at the Technology Provider Company; those closing the gaps
the most are highlighted in red. However, the solutions cannot be selected as this
is for the customer to decide. The solution that appeared most often as a means
to address various Design Options was that of a driving simulator which could be
used to train errant drivers and also as means of hiring them. This driving
simulator capability is depicted and compared against live driving instruction in

Figure 7.34. This depiction was corroborated by the simulator specialist.

7.5.5 Results

The results of the validation are in Appendix P and can be summarised as follows:

To sum up the results of the validation, the SIU method was found to be
comprehensive and no changes to it or any of the techniques it uses were suggested.
An advantage of the Method was that it added more structure and helped to cover all
aspects of a problem and solutions that could be generated. The Method was found to
be quite straightforward to apply and it was believed that the Method could be used
for any technological, service or process suggestion from a provider to the customer; if
the provider wanted to make a suggestion to the customer, the Method can provide a
good way to do it. The Method could also be useful if a provider was partnering with
another company to produce a solution as the Method then could be a way of sharing

information and making sure that all agree on the problem and the steps to address it.
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ENVIRONMENT: UK Roads under various road, weather and lighting conditions at the time of instruction

0

Driver

ACTUAL CAPABILITY PARAMETERS
Range: practice some faults
Span: 1day
TC:  during driving duties
Cost: 1 day of driver loss

DESIRED CAPABILITY PARAMETERS
Range: practice all driving faults
Span: just the driving faults
TC:  outside of driving duties
Cost: nodriver loss

CAPABILITY PARAMETER GAPS

Range: some driving faults
Span: many hours

TC:  during driving duties
Cost: 1 day of driver loss
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ACTUAL OVERALL CAPABILITY
PARAMETERS

Range: practice some driver faults
Span: 1day

TC: schedule, 9am-5pm, Mon-Fri
Cost: high

Truck

ACTUAL CAPABILITY PARAMETERS
Range: practice some faults
Span: 1day
TC:  depends on the schedule
Cost: running costs

DESIRED CAPABILITY PARAMETERS
Range: practice all driving faults
Span: just to practice faults
TC:  ondemand
Cost: lower cost

CAPABILITY PARAMETER GAPS
Range: some driving faults
Span: many hours
TC:  noton demand
Cost: part of the running costs

Instructor

DESIRED OVERALL CAPABILITY
PARAMETERS

Range: practice all driver faults
Span: as short or long as required
TC: on demand

Cost: lower

End of

&Y

ACTUAL CAPABILITY PARAMETERS
Range: instruct on some faults
Span: 1 day
TC:  schedule, 9am-5pm, Mon-Fri
Cost: salary + benefits

DESIRED CAPABILITY PARAMETERS
Range: instruct on all faults
Span: just to practice faults
TC: ondemand
Cost: lower cost

CAPABILITY PARAMETER GAPS
Range: some driving faults
Span: nearly a day
TC:  notondemand
Cost: part of salary and benefits

Instruction?

OVERALL CAPABILITY
PARAMETER GAPS

Range: some driving faults
Span: many hours

TC:  not ondemand
Cost: large gap

Figure 7.33: Live Driving Instruction
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Driving Instruction Capability (Use Phase)

Perhaps on-the-fly instruction could be given —when a fault is
detected, the signal could be sent to a driver help desk where

1) NEW an instructor could replay video from a camera installed in the
CONCEPTUAL High High | High | High dr|ver.’s cab (so tha.t driving conditions can be recorded) and
DESIGN then inform the driver remotely as to the fault and how to
correct it. However, this could be a huge interruption and
distraction for a working driver and it could be difficult to

recreate the conditions under which the fault occurred.
For some trucking companies it may be more cost effective to,
rather than provide training, terminate the driver’s contract.
High High | High | High | This could be the case for trucking companies where very few
2) MARKET drivers commit faults and where some instruction could be

SEGMENT given by other drivers.

/RECEIVER With regards to partnering, there are some driver-training
SHIFT companies which assert that they can reduce the costs as well
High High | High | High | as increase the availability and range of driving scenarios and

also that drivers can be trained in a more piece-meal fashion.
However, these companies tend to use driver simulation.

3) CHANGES REGARDING THE

OFFENDING CAPABILITY:

a) SUBSTITUTE

High

High

High

High

Resources: driver, truck, instructor, Processes: driving,
instructing: Replace the truck and instructor with a driving
simulator.

b) ELIMINATE

High

High

High

High

Resources: driver, truck, instructor, Processes: driving,
instructing, influencing instructor: For top-up driver training
not to matter, drivers would have to be hired who are already
proficient in the driving styles that the provider favours as well
as the full range of scenarios. Here, driving simulation could
help to assess drivers before hiring them and then in giving
them preliminary instruction before they start work.

High

High

High

High

Resources: driver, truck, instructor, Processes: driving,
instructing, influencing instructor: Driverless trucks would
mean that there is no need for training or, indeed, the driver.
However, it may be many years before this technology is
widely available.

c) ADDITION

High

Resources:  truck, instructor, Processes: instructing,
influencing instructor: Other trucks and instructors could be
engaged. This may improve the availability (TC) but the
problems of span and range will remain and cost will escalate.

d) CUSTOMISE

High

High

High

High

Resources : driver: Perhaps all of the drivers hired could be
trained before they start their employment in all of the driving
styles that the provider favours as well as the full range of
scenarios. Driving simulation could help here.

4) ENVIRONMENTAL CHANGE

a) CHANGE
LOCAL
ENVIRONMENT

High

High

High

High

If the full range of road and weather conditions could be
created on demand then the necessary driving faults could be
practiced. Driver simulation seems to be the only way for this
to be accomplished.

b) CHANGE
WIDER
ENVIRONMENT

Low

/]\

A driving area could be set up where various types of driving
issues could be recreated. However, the full range of driving
scenarios (such as car crashes or slippery conditions) would
not be able to be recreated. Also, the costs could be very high
especially if such an area was to be set up at different parts of
the country.

Table 7.26: The Proposals Matrix applied to the gaps in the live instruction capability

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 204



1. Live Driving Instruction

2. Driving Simulation

Chapter 7: Validation

Figure 7.34: The live driving instruction capability compared to that of a driving simulator capability

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 205

R The road and weather conditions at that time R Simulated road and weather conditions
€ e
c c >
e e DESIRED CAPABILITY PARAMETERS e
i ACTUAL CAPABILITY PARAMETERS | Range: practice all driving faults
v Driver Range: practice some faults v Driver Span: just the driving faults Range: some driving faults
a Span: 1day e TC:  outside of driving duties Span: many hours
TC:  during driving duties . nodriverl TC:  during driving duties
7 Cost:  no driver loss
Cost: 1 day of driver loss ¥ Cost: 1 day of driver loss
it S et Line of interaction
Y Simulator
P -
ACTUAL CAPABILITY PARAMETERS ! “Driving” DESIRED CAPABILITY PARAMETERS CAPABILITY PARAMETER GAPS
r ) s ) - -
Range: practice some faults ) g Range: practice all driving faults Range: some driving faults
o Truck i . :
Span: 1day b Span: just to practice faults Span: many hours
v TC:  depends on the schedule | TC:  ondemand TC:  not ondemand
1 Cost:  running costs o Cost: lower cost Cost: part of the running costs
d
e Line of visibility
. L N ______J
Instructor ACTlfAL AR IR ARAME ERS S Instruction DESIRED CAPABILITY PARAMETERS CAPABILITY PARAMETER GAPS
Range: instruct on some faults | Range: instruct on all faults Range: some driving faults
Span: 1day ) m Span: just to practice faults Span: nearly a day
TC:  schedule, 9am-5pm, Mon-Fri - TC: ondemand TC: not on demand
Cost: salary + benefits | Cost: lower cost Cost: part of salary and benefits
N a !
End of t I N
Instruction? 0 :’ _
s
r |
Y b Y
: O



Chapter 7: Validation

7.5.6 Case Study Conclusions

This application of the method shows that it could be the provider who initiates
change and, using their knowledge of the market and their customers, can apply this
method. Using the SIU Method this way, the customer can learns about technological
advances from the provider and better gauge their future requirements for improved
competitive advantage (Alonso-Rasgado, 2004).

The customer could then (perhaps with the help of the provider and/or supplier) apply
the Quantitative or Qualitative version of SIU Method to their exact processes to
ascertain exactly the merits and demerits of the proposed solution as compared to
other solutions or, indeed, the current situation.

It is important to note that despite any benefits that a driving simulator may
offer, at the initiation phase, there could be a large cost in purchasing enough
simulators to cater for the drivers who require training. Some possible solutions for
this could be:

e Sharing; there are simulators that have been designed so that they can be

shared by trucking companies and bus-driver training companies

e The simulator could be offered on a leased/rented or pay per use basis

e Payment in instalments.

Applying the SIU Method to the initiation phase of the solution could help to generate
more possibilities. A solution such as a simulator could be a PSS which is offered by this
Technology Provider to their clients. Either the Technology Supplier (if they have the
requisite capabilities) could develop this or they could partner with suppliers of driving

simulators to customise them to the exact requirements of their clients.
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7.6 Validation 5: A Fault Reporting Capability

A Qualitative Application of the SIU Method to Generate and then Refine a
Solution

7.6.1 Introduction

This validation is concerned with a truck PSS: a Truck OEM provides leased trucks
which are equipped with sensors that can detect how the vehicle is being driven. For
this validation, the SIU Method has been applied twice to this case study. The first
application of the SIU Method finds the gaps a system has, then find where the gaps lie
within the system and then generates solutions to fill those gaps. The SIU Method is
then applied to the solution (in this case, a product) to refine that solution.

In 2011, this solution was developed and rolled by the truck PSS provider across

several fleets.

7.6.2 Method

Teleconference with the senior
manager at the Technology provider
Company for the selection of a case

study

=
Application of the SIU Method by the
validator to the case study.

The background research to this validation
had already been conducted as in (Section

7.5) which is depicted in Figure 7.30. The

job roles and years of experience of the

interviewees at that stage of the research

~ L

is depicted in Table 7.22 and how the data

was collected against the number of

Report on the validation was produced
and sent to the validator

-~

interviewees and interview hours is

Revision of the validation report based
on the validator’s feedback.

—

~

depicted Table 7.24. Then, for this

validation, the following steps were taken

Validation interview
(See Figure 7.35):

10. During a teleconference with the senior
Figure 7.35: The Methodology for the
manager at the Technology Supplier validation of the Fault Reporting case study
Company, a case study was selected
which would allow for the evaluation of the SIU Method as applied to, not only

solution generation, but also to solution refinement.
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11. The SIU Method was then applied by the validator (the senior manager at the
Technology Supplier Company) to the selected case study. Notes were taken by the
researcher during this time.

12. A report on the validation (the application of the SIU Method) was produced and
sent to the validator.

13. The report was revised in the light of the feedback from the validator.

14. The validator was then interviewed (the interview questions are in Appendix Q)
with regards to the merits and demerits of the SIU Method. A report was created
and then revised based on feedback from the validator.

The paler grey areas represent data collection from the respondents.

The validator in this case study is a Senior Manager at the Technology Provider
Company who has been in his role for 5 years (the last 20 years of his employment has
involved the gathering of customer requirements as well as solution development and
provision). The hours spent with the validator for the data collection stages for this

case study are listed in Table 7.27.

DATA COLLECTION No. Of Time
Respondents (hrs)
Teleconference with the senior manager at the Technology provider 1 0.45
Company for the selection of a case study
Application of the SIU Method by the validator to the case study 1 3
Total 3.45

Table 7.27: How the data was collected against the number of interviewees and interview
hours (Fault Reporting Case Study)

7.6.3 Case Study Background of the Fault Reporting Issue

This validation is based on a case study of a Truck OEM and their Technology Supplier.
The truck company provides leased trucks which are equipped with sensors that can
detect how the vehicle is being driven and the Technology Supplier Company is the
supplier of this driving fault-detection system which is situated in each truck and which
can link remotely to other devices. The Technology Supplier also supplies other
ancillary, high-tech capabilities. In order for the Truck OEM to offer the trucks on a

leased basis, they have to be aware of how the trucks are being driven so that they can
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take steps to reduce any driver misuse which could damage the asset. The Technology

Supplier has provided the customers of the Truck OEM with a Fault Reporter which

links to the fault-detection system and produces reports each month. The reports

detail all of the driving faults that the drivers had committed that month and a warning

is issued that drivers who continue to commit such driving faults will be sent for re-

training.

7.6.4 A Qualitative Application of the SIU Method to Fault Reporting

1. Problem Definition:

a)

b)

Define the issue:

i. Gauge the Extent of the Issue: An issue with the Fault Reporter is that the
reports are only produced periodically and that the drivers have to be at the
depot in order to see the reports. By the time the drivers see the report they
have often forgotten what faults the report could be referring to. However, if
the drivers could be informed immediately as to when they had committed a
fault, they would then be able to attempt to adjust their behaviour straight
away rather than unknowingly continuing with poor driving habits and then
being sent for retraining.

ii. The Severity of the Issue: The issue was raised by many customers at the
Technology Supplier’s annual customer advisory group from which suggestions
are generally made by the customers with regards to how new products and
services or the customisation of existing ones could fulfil their needs. The issue
was deemed to be worthy of serious consideration by the Technology Supplier.

Determine the scope of the system: The issue arises when the Fault Reporter
produces driving faults which have been detected from how the trucks are
being driven. Although this data is sent in real-time, the Fault Reporter only
reports the faults periodically and this happens at the depot.

Depict the System: Extended Service Blueprinting is used here as product

operation is a concern (See Figure 7.37).
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2. Describe the Gaps in the Overall Capability: The Fault Reporting Capability has a
gap in its span parameter as there is no immediacy to faults being reported.

3. Describe the Gap-Located Capabilities within the Capability: There are gaps in
two sub-capabilities and both gaps relate to span: In the Display the Report to the
Drivers capability, the driver has to go to the depot to see the report and so the
report has no immediacy. In the Report Timing sub-capability, the report is only
produced monthly and so, again, the report has no immediacy (See Figure 7.37).
As both Gap-Located Capabilities contribute heavily to the lack of immediacy in the
Overall Capability gap, they are grouped so that a common solution to both can be
found.

4. Corroborate the System Definition: The system definition of the current fault
reporting capability was not corroborated for this validation by any other parties as
the Senior Manager from the Technology Supplier Company had extensive

knowledge of the Fault Reporting system.

5. Operand-Operant Decomposition of the Gap-Located Capability:
ENVIRONMENT: The Fault Reporter

Process
Trigger report Fault
» Report

Operant Resource Operand Resource Outcome

Figure 7.36: The Operant-Operand Diagram of the capability: Fault Reporter

6. Determine the Stakeholders: The stakeholders are the drivers who receive the
resultant Fault Report and the Technology Supplier Company which created the
Fault Logging and Report Timing mechanisms of the Fault Reporter.

7. Comparison of Similar Capabilities: It is known that there are trucking companies
which make use of driver feedback modules which are devices that are located in
the truck driver’s cab and which connect to driving fault detection technology.
These modules inform the driver immediately as to any faults they have

committed.
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Propose Solutions: These were performed by the validator who has considerable
knowledge of the receivers (the drivers) as well as a wide knowledge of available
technologies (See Table 7.28).

Next Tier?: For this validation, no further Tiers are to be examined.

. Next Gap-Located Capability? Other than the grouped Gap-Located Capabilities,

there are no further Gap-Located Capabilities to be explored.

Rate and Select Solutions: The solutions were rated as to how much they are
expected to close the gaps by the senior manager at the Technology Provider
Company; those closing the gaps the most are highlighted in red. Besides the
introduction of a driver feedback device, other possible solutions which were
expected to close the gaps are: live, on-the-fly instruction, driverless trucks, truck
redesign so that poor driving cannot damage it and, again, the use of driving
simulators so that drivers do not commit driving faults in the first place. However,
such technologies (some in particular) can be extremely costly to initiate at
present. The customers decided upon a driver feedback device and to also keep
the Fault Reporter which produces summaries for individual drivers and across all
drivers in a firm. The driver feedback device was also a solution that would be fairly
low cost that could be sourced or developed reasonably quickly. Just as the Fault
Reporter is linked to the Fault Detention System in the Tracking Unit, the driver
feedback module would also be linked in this way. When discussing the form of the
driver feedback module with customers, some wanted the module to be installed
on the dashboard whilst others wanted it to be installed unobtrusively near to the
driver’s feet. Another benefit of the driver feedback device would be that some of
the instruction that is normally performed by a driving instructor would be
performed by the device; as soon as the driver has committed a driving fault, he
would be informed of it by the device, just an instructor would. The solution of the

driver feedback module is depicted in Figure 7.38.
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Types of RATING Driving Fault Reporting Capability (Use Phase)
Generic Change

Span gap decrease
for the Gap-Located
Capabilities
1 2

Perhaps on-the-fly instruction could be given — when a fault is detected,
1) NEW CONCEPTUAL a signal could be sent to a driver help desk where an instructor could

DESIGN replay video from a camera installed in the cab (which has recorded the
driving conditions) and then inform the driver as to the fault and how to
correct it. However, this could be a huge interruption and distraction for
a working driver and it could be difficult to recreate or revisit the
conditions under which the fault occurred.

High High

2) CHANGES REGARDING THE DESIRED PARAMETER(S) OF THE GAP(S) OF THE OFFENDING CAPABILITY

a) MARKET SEGMENT Across all drivers, the gap of fault reporting in a timely manner appears
JRECEIVER SHIFT 0 0 to be large. Therefore, this is not an option.

3) CHANGES REGARDING THE OFFENDING CAPABILITY:

Operant: Report Timing and Process — Substitute the Fault Reporter
capability with a driver feedback device that can tell the driver
a) SUBSTITUTE High High immediately when faults occur and that can signal the driving instructor
to schedule driver re-training if a certain amount of faults have occurred
within a set time frame.
Operand: Fault Logging, Operant: Report Timing and Process — To
eliminate the whole system of fault logging and reporting, the driver
would have to commit few faults which would mean that the driver
would have to be already fully trained and practiced. Driver simulation
could help to hire new drivers and/or further train existing drivers but
there could be quite a heavy initial cost and lead time to set this up.
Operand: Fault Logging, Operant: Report Timing and Process —
Driverless trucks would make drivers redundant and so ensure that no
b) ELIMINATE High High damage occurred to the truck through poor driving. However, it may
take many years for such trucks to become available. For this reason,
this solution is, at this moment, rejected.
Operand: Fault Logging, Operant: Report Timing and Process - This is
another way to eliminate the whole system of fault logging and
reporting. The truck could be redesigned so that poor driving either
causes little damage or so that poor driving cannot occur. However,
there would be huge development costs and a very long lead time to
attempt to create such trucks.
c) ADDITION e Operand: Fault Logging, Operant: Report Timing and Process - Add a
< High High driver feedback device (whilst still keeping the Fault Reporter in
operation) that informs the driver immediately if a fault occurs.
Operand: Report Timing - Customise the Report Timing system to
High immediately report driving faults. However, the driver will still not see
the report immediately but only when the driver reports back to the
depot.

High High

High High

d) CUSTOMISE Medium

4) ENVIRONMENTAL CHANGE

The only way to apply this appears to be to change the local
environment of the Ecostyle reporting system from the depot to that of
a) CHANGE LOCAL High High the cab and also for a driving fault to trigger an immediate report.

ENVIRONMENT However, this would mean a complete redesign of the Fault Reporting
system so that it would fit neatly into the driver’s cab and report faults
in an unobtrusive way for the drive.

b) CHANGE WIDER N/A N/A
ENVIRONMENT

Table 7.28: Proposals Matrix

This does not seem to apply here
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7.6.5 Case Study Background to Solution (Product) Refinement

Supplier Evaluation
The Technology Supplier sourced existing driver feedback modules that were on the
market and found that two appeared to meet the basic requirements for the:
a) Use phase: Alert the driver to driving faults
b) Attuning phase: The driver feedback modules can be attuned to the types
of vehicles that the Technology Supplier’s customers use
c) Installation phase: The driver feedback modules can be installed either on
the dashboard or at the driver’s feet
However, there was an issue with the integration phase; these driver feedback
modules were not able to integrate with the Technology Supplier’s Fault Detection
system that was installed in the trucks. For this reason, the Technology Supplier
decided to create their own driver feedback module.
Product Development
The customers were consulted as to the features of the device and several versions
were prototyped. Based on suggestions from customers, three prototypes were
considered:
e A simple device which had three lights (red, amber and green), each of which
would alert the driver to different types of driving faults
e A device which had a small LCD display screen
e A device which had a series of lights similar to that of a graphic equaliser on a
stereo
A simple box with red, amber and green visual warnings and sound alerts (beeps which
can be turned off if there are other people in the cab) was decided upon. If the driver
commits a fault a visual and audible preliminary warning is issued and if the driver
continues to commit the fault the driver is warned that the fault is now being
recorded. Furthermore, the Technology Supplier could also develop this type of device
at the right price point as compared to a device which had messages displayed on a

screen. This prototype was developed and then field tested.
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During the field tests, there was an issue with the audible warnings (the beeps)
as there was a concern that it could be a distraction to drivers. The SIU Method is now

applied qualitatively to this product to assess the gaps and then generate solutions.

7.6.6 A Qualitative Application of the SIU Method to Solution (Product)
Refinement

1. Problem Definition
a) Define the issue:
i. Gauge the Extent of the Issue: The beep alerts are considered by the drivers
in the field tests to be a distraction. This is an issue as, rather than just alert the
driver to driving faults that have been committed, the device could actually
cause driving faults.
ii. The Severity of the Issue: Most of the test drivers found the beeps to be
distracting.

b) Determine the scope of the system: The issue arises when the beep alerts are
made.

c) Depict the System: This is depicted in Figure 7.40.

2. Describe the Gaps in the Overall Capability: The gap is in the range of the overall
capability; it has been described as being too harsh and so is a distraction for the
driver (See Figure 7.37)

3. Describe the Gap-Located Capabilities within the Capability: The gaps are located
at the sound warnings which are issued (See Figure 7.40).

10. Corroborate the System Definition: The exact system definition of the product
was known by the Senior Manager from the Technology Supplier Company as his
company had developed the device.

11. Operand-Operant Decomposition of the Gap-Located Capability: This is depicted
below (Figure 7.39).
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ENVIRONMENT: The Truck Cab

Process »
Distraction Driving
» Fault

Operant Resource Operand Resource Outcome

Figure 7.39: The Operant-Operand diagram of the distraction caused by the device

Determine the Stakeholders: The stakeholders are the driver and the Technology
Supplier Company which developed the device and the sounds it makes.
Comparison of Similar Capabilities: It was known that satellite navigation systems
use voice-recoded sound alerts and that this tends not to be a distraction.

Propose Solutions: These were performed by the validator who has considerable
knowledge of the receivers (the drivers) and the instruction they receive as well as
a wide knowledge of available technologies (See Table 7.28).

Next Tier?: For this validation, no further Tiers are to be examined.

Next Gap-Located Capability? For this validation, there are no further Gap-Located
Capabilities to be explored.

Rate and Select Solutions: The solutions were rated as to how much they were
expected to close the gaps by the senior manager at the Technology Provider
Company; those closing the gaps the most are highlighted in red (Table 7.29). It
was decided to replace the bleeps with speech messages which are similar to those
used by Sat-Nav systems. Another solution that was generated by the Proposal’s
Matrix was the use of cameras to record the road in front and at the sides of the
cab when driving faults occur; the Technology Supplier Company actually provides
such cameras and they are encouraging more customers to use them. They have
been found to be particularly useful when accidents have occurred to prove

liability.

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 217




OVERALL CAPABILITY GAP
Range: sound is too harsh

Chapter 7: Validation

,-ThéDriver
Feedback Device

fault

The Fault
Detection
! System
UK Roads
S |Flag=0} L. :’ !
é b Driving and : ;
O """""" Braking : !
> | |
: : Line of
! i Interaction
g !
H 1
: CAPABILITY GAP CAPABILITY GAP i
1 1
! R : dis too harsh R : d is too harsh
i ange: sound Is too hars ange: sound Is 10O nhars ll TrUCk
' 1
! v/
D et
.} I Dashboard or Floor ]
1
! )
. . . Sound alert Visual alert I
1
< i || Visual warning Sound warning that the fault is that the faultis | |
%) . .
o . | being recorded being recorded
o) ! 1 H i 1 I
1 1 1 ! 1
I 1 I 1 + 1 H J
] ." Y Flag = 1 Flag =0 I Line of
2 | | | ine o
o | : Visibility
= AU § SRR SRR U U U U U PR PP UU SRS [ | ___________________________
2 Driver Feedback Device I
%)
z
(o] . .
Driving Y Record fault I
with time |

detected?

Figure 7.40: Basic operation of the driver feedback module
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Application to the Audible Sub-Capability

SHIFT

Range gap
decrease . ) . )
If in-cab cameras were fitted, an SMS message along with a 10 second video
Low —High | of where they were when the fault happened could be sent to the driver’s
1) NEW CONCEPTUAL . . .
depending | phone or email address so that the driver could see the fault message and
DESIGN . . . .
on the video when on break. This solution could be developed further and may suit
drivers some drivers. However, the immediacy of informing the driver of the fault
would be lost.
2) MARKET SEGMENT N/A The beeps appear to be unsatisfactory across all drivers.

3) CHANGES REGARDING THE OFFENDING CAPABILITY

a) SUBSTITUTE

N

High

N

(

)

Process: Substitute the current bleeps for voice messages similar to those
used for Sat-Nav systems. This type of audible messaging does not appear to
cause a distraction to drivers.

Process: Remove the beeps. However, the driver would then have to always

Low
b) ELIMINATE notice the visual warnings. This may not be suitable for all drivers — rejected.
N/A Process: Other than adding speech which would state the fault and whether
¢) ADDITION an initial warning was being issued or that the fault was being recorded, this
does not seem to apply
Low Process: Different types of beeps could be used which emit a softer sound.
d) CUSTOMISE o
4) ENVIRONMENTAL CHANGE
a) CHANGE LOCAL The local environment does not impact upon this capability—the driver can
etlel Ll A N/A hear the sound. The issue is with the sound being inappropriate —therefore,
this is not applicable here.
b) CHANGE WIDER N/A There are no wider environmental variables that impact upon this capability.

Not an issue here.

Table 7.29: The Proposal Matrix — addressing the issue of sound being a distraction
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7.6.7 Results

To sum up the results of the validation, no changes were suggested to the SIU method.
A limitation of the Method was that it could assume that a reported issue is worthy of
conceptual redesign. However, it should be qualified who reported the issue (and
assessed whether other customers from the same company see the issue in the same
way) and assessed why this issue is more important to the customer than other issues.
This insight from the validator was then used to enhance the SIU Method.

For small companies which are close to the customer, the Method could be
unwieldy. However, for problems which are shared amongst different stakeholders,
the Method could be a useful and methodological way to examine issues, generate
solutions and share these amongst the stakeholders. The Method appears to be useful
in refining products as well as business processes.

The validator suggested making the Workbook into an electronic guide which
would allow scoring (validation checks) so that the person applying the method can be
sure how well they’ve applied the method and parts of it they may have had to miss
(because of lack of information, or example) will be noted — this should lead to an
overall scoring which will indicate the trustworthiness of the outcome of that
particular application of the method. After consideration, this suggestion was rejected

due to lack of project time to further explore and possibly implement this suggestion.

7.6.8 Conclusions of the Truck Case Study Results

The SIU Method resulted in the same solution being generated and selected as the
Technology Supplier’s current procedure to address customer issues. However, the SIU
Method allows the problem space to be unfolded systematically and generates a
variety of solutions that could help to address the issue; this informs decision making
in @a much more deliberate way.

The SIU Method can be applied to not only generate solutions, but it can also
be applied to refine those solutions (in this validation, this was a product). Therefore, it
would appear that the SIU Method could be regarded as a PSS Design Method in its

own right.
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7.6.9 Solution Adoption in Industry

The idea for a device to inform drivers as to driving faults (a product) was made to the
Truck OEM by the researcher in 2010 (Hussain et al, 2010). Although the Truck OEM
initially rejected the idea, after their Technology Supplier then independently made
the same suggestion, they did accept it and the Technology Supplier developed the

product in 2011. The device has now been rolled out to several fleets.

7.7 Summary and Key Observations

In Section 7.1 the overall validation process followed was briefly described; then, each
of the following Sections of Chapter 7 how each validator applied the SIU method to a
case study and then validated the SIU Method and the Workbook.

The SIU Method has been applied to a wide range of industries and, from the
case studies conducted, it appears that it can be used quantitatively or qualitatively to
produce initial Conceptual PSS Designs. As the Method had produced the desired
outcomes when applied to a laser cutting process, a domestic heat issue, throughout a
value chain of an aero engine, driving instruction and driver fault reporting, it does
appear (at this stage) to be a problem-solving method that it is applicable to and can
improve any business process, user task, product and/or service. The Method can be

IH

used as a “pull” to pull solutions from the value chain to meet receiver issues and it
can be used as a “push” where suppliers can use the Method to depict how a change
to the receiver’s system (such as the addition of a product) can improve the receiver’s
value creation system.

Furthermore, the SIU Method can improve Supply Chain Management. As the
SIU Method can be applied to not only generate solutions, but also to refine those
solutions (in this validation, this was a product), it would appear that the SIU Method

could be regarded as a PSS Design Method in its own right.

For three of the validations, the solutions generated were adopted.
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7.7.1 Positive Outcomes for the Validators

The positive outcomes for the validators are as follows:

e Case Study Validation 1: The Aero Engine

e The Expert in Product Development (also a Senior Academic in Aero Engines

and PSS):

This expert maintains that, not only can the SIU Method improve
processes, products and PSS but that it can also improve Supply Chain
Management.

He was not aware of any other method that could produce the same or
better results and stated that the method fills a gap in the current
practice in industry.

He plans to use the method again in the near future.

e (Case Study Validation 2: Excessive Heat Issue

o The HVAC Consultants:

Consulting with Suppliers: Looking at other supplier Tiers was not
something that they knew how to do before using the SIU Method
although they had seen faults with the design and layout of buildings
which had caused HVAC problems. The SIU method now gave them a
way to state these possible building issues and could provide an avenue
for them to act as consultants to property developers.

Knowledge Transfer: It is used as a means for them to communicate
with colleagues (especially new colleagues and those outside of the
company) as to the nature of the problem and the steps that they had
already taken.

A Checking Mechanism: The HVAC Consultants also refer to the SIU
Method to use it as check-list to ensure that no steps or aspects of the
system have been forgotten.

Decomposition: The Operand-Operant Diagrams were deemed to be
particularly useful by the HVAC Consultants as they provide a way to

ensure that each aspect of the problem is considered.
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o The Expert Civil Engineer (Consultant and Senior Academic):

» Usefulness for General Housing Design: The Expert Civil Engineer
wishes to use the SIU Method to identify and resolve issues clients have
had with previous buildings when he is designing new buildings. The SIU
method was viewed as a problem-solving method that can be applied
to any problem, particularly for complex situations. Furthermore it was
viewed as being useful in producing short-term solutions as well as
long-term solutions.

= University Courses for Architects and Civil Engineers: The Expert Civil
Engineer is planning to introduce the method into the course
curriculum for Architects and Civil Engineers as part of the continuous
courses run by the university.

= Extension of an Existing Civil Engineering Tool: Taproot is used for
accident investigations. The program guides the user to perform the
investigation and finds the root causes of the incident and then
suggests corrective actions. The output details a corrective action
register, target dates and responsible persons and parties. As this tool is
based on past performance and adherence to industry standards rather
than innovation, the Expert Civil Engineer believes that the SIU method
could work well with Taproot to add a management system
development/ improvement aspect.

o The Tenant:

= The tenant was presented with several options to address his heating
issue.

= Usefulness in Teaching Situations: The tenant is a teacher and he
applied the SIU Method to a teaching issue he had which produced
favourable results.

e Case Study Validation 3: Truck Driving Instruction
o The Senior Manager at The Technology Provider Company : the positive

outcomes were:
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= A Push Method: The qualitative version of the SIU Method can be used
to detail to customers how a change in their systems (such as the
introduction of a new product) could meet their functional needs more
closely. After this has been demonstrated, each customer can then
apply the quantitative version of the SIU Method to their exact systems
to ascertain exactly the degree to which such a change will meet their
needs more closely. The Senior Manager favours using the SIU Method
if his company decides to make a suggestion to their customers.
= A Method for Partnering to Produce Solutions: The SIU Method can be
used when partnering with other organisations to produce solutions. It
allows detailed information regarding the issue and possible solutions to
be shared in a way that can be understood by most stakeholders. This
company tend not to do this but, if this ever did arise the Senior
Manager favours using the SIU Method for this.
7.7.2 Merits and Demerits of the SIU Methodology

e Merits of the SIU Method

o Advantages of the SIU Method: The method helps the problem space and
solution space to be unfolded in a very systematic way and so ensures that
no aspect of the problem or solution generation has been and this can
foster innovation.

o Skills required to use the Method: It appears that no special skills are
required although some general training in the techniques and logic of the
Method is required.

o Production of the desired outcome: Furthermore, it can generate short-
term or long term solutions to address issues which are unlikely to have
been systematically generated without the Method. Some of the solutions
are quite conventional changes whilst others can be innovative and high
level PSS business models; this allows any PSS to be evaluated against other

solutions.
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o The Techniques used by the Method: these all appear to be fitting for the

Method and no changes have been suggested.
e Demerits of the SIU Method

o A disadvantage reported by one respondent from a small, mobile,
Technology Company whose technologists tend to be quite close to the
customer was that the SIU Method is unwieldy and laborious. This can be
particularly the case for the quantitative version of the Method. However,
for core processes, the effort to apply the quantitative version of the
Method to them could be worthwhile; it could allow that process to be
constantly monitored and any changes in the process or customer needs
can then be acted upon quickly. Nevertheless, improvement of the
language of the SIU Method and the Workbook should take place.
Furthermore, industry-specific versions of the SIU Method and computer
systems could be created which could draw on a database of issues specific
to a particular industry or process and relate them to the solutions which
have been known to close the gaps. This would be an expert system which
could be continually updated with new solutions and technologies as they
arise.

o All except one of the validators stated that they believed that the SIU
method was complete. The demerit that this validator raised was a
limitation could be that the method assumes that a reported issue is worthy
of conceptual redesign. However, it should be qualified who reported the
issue and assessed whether other customers from the same company see
the issue in the same way it should also be assessed why this issue is more
important to the customer than other issues. This point was raised in
Chapter 6 (Section 6.6) so it is worthy of further consideration.

7.7.3 Feedback on the Workbook

e The language should be simplified more and there should be more instruction
on the techniques, how the Method is derived and how it relates to

servitization.
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e The Workbook needs to look more like a user Manual; a side-bar showing
which part of the Method is being followed at any given time would be useful
as would a pull-out section showing the method steps and the techniques.

e A simpler case study should be used as an introduction and there should be a
synopsis of other case studies to which the Method has been applied to show
the user where the Method can be applied and its usefulness.

e An electronic guide could be created which would allow scoring (validation
checks) so that the person applying the method could be sure how well they’ve
applied the method and parts of it they may have had to miss (because of lack
of information, for example) will be noted — this should lead to an overall
scoring which will indicate the trustworthiness of the outcome of that
particular application of the method.

e The addition of a video/multimedia tutorial showing the steps would be useful.

e A Workshop with the target users to assess the Workbook and generate ideas
for its improvement should be held.

In the next Chapter, the key observations and findings of this research are further

discussed.
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8 Discussion and Conclusions

8.1 Discussion of the Research Findings

In this Section, several issues regarding the quality of the findings, along with their
generalisability are discussed. Additionally, the applicability of the research findings in

an industrial environment is explored.

8.1.1 Research Methodology

Every attempt has been made during this research to ensure that the methodology
used would limit any possibility of the production of distorted results. This was mostly
achieved through the adoption of a variety of methods during data collection (see
Chapter 2): face-to-face interviews, case studies, teleconferencing, observation,
analysis of company data collected from sensors and archival material from the
collaborating companies were all used. As interviews can mainly capture the
perceptions and opinions of the expert and not the actual situation, to compensate for
this adverse effect, other additional methods were used such as observation and
analysis of archival material. Semi-structured, exploratory interviews were used to
generate theory as, from the literature review, it was apparent that theory in this
domain area was nascent.

A case study approach was one of the main ways that data was collected and it
was then used to refine and validate theory and the resultant SIU Method that had
been generated. The researcher’s active involvement in the choice of case studies
strengthens the research methodology as the case studies were not just suggested by
the experts, but they were chosen in accordance with the research objectives and
guestions of this study. As qualitative research can be prone to biased interpretation
by the researcher which can lead to subjective results, member-checking was

performed continuously at each stage of the research.
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8.1.2 The Current Practice in Industry Producing Capital-Intensive PSS

Over the course of three years, a series of semi-structured interviews were conducted

across a range of industries that produce technical, infomated and capital-intensive

PSS. This was conducted to capture the AS-IS situation in industry with regards to using

product-in-use data from industrial, technical, infomated products and PSS to inform

PSS Conceptual Design (see Chapter 4).

The interviews revealed, conclusively, that in industry very little is truly known
about how product-in-use data could be utilised to inform PSS Conceptual Design.
Some suggestions from across the industries were gleaned as to how a method could
start to be developed although exactly what data to collect and what this would
indicate for PSS Conceptual Design was not forthcoming. The main requirements for
the creation of a method to utilise product-in-use data for PSS Conceptual Design
appeared to be:

e The definition of the problem space as the process in which the asset or PSS is
embedded (rather than just a consideration of the asset or PSS), all of the elements
within the process (such as other products and services) and any events or
environmental impacts (which tends not to be monitored) upon the process; it is
the accomplishment of the customer’s goal that is of primary importance rather
than the requirements of any individual product or PSS. Therefore, rather than
product-in-use data, system in use data should be used.

e How a process or a similar process (or parts of the process) performs in one
environment as compared to another environment: this makes it more possible to
discover the circumstances that lead to asset, subsystem and even mission failure.

e The monitoring of, not just the asset or PSS, but also subsystems and components
within it so that it can be ascertained which part of the asset may have contributed
to any failure in the customer’s mission.

Despite the emergence of a basic framework, the exact sources and types of data to be

collected, how the data related to PSS Conceptual Design and then how that data

should be processed to inform PSS Conceptual Design had to to be defined.
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8.1.3 Framework Refinement and Ontology Development

Although it had been determined that, rather than use product-in use data to inform
PSS Conceptual Design, that system-in-use data should be used, there was little insight
as to how to depict a system, what data to collect from that system and how that data
should be used. Therefore, to refine the framework, a decision was made to interview
and observe a company which uses system-in-use data to inform PSS Conceptual
Design. Even though this company did not offer a capital-intensive PSS, they do offer a
technical, high level (a result-orientated business model) PSS (see Chapter 5). The
findings from the interviews and the observations allowed the system elements to be
defined, determined the types of data to collect, and determined how the data could
be used to indicate the value loss of a customer’s system and then the location of that
gap within that system. Furthermore, Design Options were identified which can then
be applied to the part of the system which contributed most to the value loss, the
whole system, the receiver or impacting variables in the environment to increase the
value-in-use of the system. Furthermore, rather than simply informing PSS Conceptual
Design, the refined framework allowed initial conceptual designs to be generated
which could then be evaluated by the stakeholders. The findings were triangulated
with the literature and then the framework was applied and evaluated. A new concept
(that was gleaned from the literature) was the notion of operand and operant
resources which was used for an ontology that was validated by this company. The

framework was now complete, albeit, industry specific.

8.1.4 Genericization of the SIU Method

The literature was reviewed to triangulate the identified SIU Method constructs as well
as to genericize the Method and provide enough specify so that it could become a
method which is applicable across industry. This involved the development of several
new techniques which were developed specifically for this method. These are:

e Capability Parameterisation: this is accomplished by using the generic parameters

of range, span, Time-Cycle (TC) and cost.
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e Enhanced Service Blueprinting: here, Service Blueprinting (simple or Extended) is
made environment-specific and parameterised

e Operand-Operant Diagrams: these allow a sub-capability to be decomposed into
its operand and operant resource as well as the process that the operand uses.

o The Design Options: these allow various changes types of changes to be
considered. These are: substitution of the offending part of the capability with
another sub-capability, addition of another sub-capability, removal of the
offending part of the capability and, lastly, customisation of the offending part of
the capability.

e The Proposals Matrix: this allows the design options to be applied to the part of
the capability which contributed most to the overall gaps to be considered as well
as changes to the capability’s environment (local or wider) along with changing the
receiver of the capability and changing the whole capability. The expected
reduction in gaps can then be rated and the acceptability of the proposal can be
discussed by the stakeholders.

The conferring with experts resulted in a decision to offer user support for the SIU

Method as a Workbook rather than a tool.

8.1.5 Validation

The SIU Method was applied to five case studies in disparate industries. All except for
one of the validators stated that they believed that the SIU method was complete. The
demerit that this validator raised was a limitation could be that the method assumes
that a reported issue is worthy of conceptual redesign. However, it should be qualified
who reported the issue and assessed whether other customers from the same
company see the issue in the same way it should also be assessed why this issue is
more important to the customer and firm than other issues. This point was also raised
in Chapter 6 so it is worthy of further consideration. This is addressed in Section 8.3. All
of the validators are either now using or intend to use the SIU Method again in the

future.
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8.1.6 Quality of the Findings

Throughout the course of this research, every attempt was made to ensure that the
entire process (the gathering and analysis of data) was carried out in a methodical and
systematic way. With regards to the case studies, a main limitation of case study
selection was that it was virtually impossible to obtain a full set of detailed, data
regarding any company process; the only case study when this was ever fully available
was in the domestic heating case study in Chapter 7. Apart from this, the case studies
selected were ones where the experts were accessible and willing to collaborate with
the researcher before, during and after each case study. Here, the duration of the
interviews or the workshops were mutually arranged, and the research protocol was
sent to the interviewees in advance so that they could familiarise themselves with the
research focus and issues. Such measures helped to ensure that the case studies could
be carried out within the time scales available to the researcher.

An evaluation of the SIU Method took place (Chapter 6) with experts in the
field. Then several validations took place, each of which exercised different paths in
the Method and exercised both the qualitative and quantitative versions of the
Method; the validations covered both the content, effectiveness and the use within an
industrial environment. During the validations, the Workbook was also validated and
then refined based on the results of the validations. The validation sessions proved
that the SIU Method had utilised system-in-use data to systematically:

1. ldentify the type and extent of gaps of customer processes

2. Locate the part of the system that contributed most to those gaps

From this, designs were generated which could increase the value-in-use of the
customer’s value creation system (meet the customer’s functional needs more
closely) by:

1. For the part of the system that contributed most to the value loss,
considering its redesign by substitution, elimination, customisation or
making an addition to it.

2. Considering changes to the local and wider environment to address any

variables that may impact upon the value creation process.
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3. Considering changing the receiver to one who whose needs the system will
satisfy more closely or partnering with another company that can meet the
receiver’s needs.

4. Considering a completely new design of the value creating system.

The generated designs can then be evaluated by the degree to which they are
expected to close the gaps. Also, any PSS Designs generated can be compared
against other simpler and more conventional designs which have been generated
to assess its merits. Those most acceptable to the customer can then be evaluated
and further refined with other stakeholders.
As a consequence, product and/or service offerings can be enhanced, processes can be
improved and advice to the customer can be given to support them and thus improve
customer relations.

A major concern of the author during this investigation was the attainment of a
high level of reliability with regards to the research findings which depended upon the
research methods which were used. The formulation of a formal research strategy
combined with a range of data collection methods and constant triangulation with the

literature and industrial archival material such as sensor data sets enabled this.

8.1.7 Applicability

In this Section, the applicability of the research findings to industry and their potential
business impact is discussed. Specifically, these research findings are:
e The SIU Method
e The Workbook
From the case studies that were conducted (Chapter 7), the SIU Method has been
shown to be applicable in a wide range of contexts and industries in generating
conceptual designs to improve (close identified gaps in) value-creating systems. These
case studies are:
e Case Study: A Laser Job-Shop System. Here, several conceptual designs were
generated to improve a laser job shop process. This was a quantitative, ”pull”

application of the SIU Method. The outcome of the method was that, to eliminate
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the gaps, the laser job-shop should consider moving some of its capability on or
near to the premises of large and important clients; this recommendation was
acted upon by the MD of this laser job-shop company.

e Case Study: Aero Engine Component Fabrication and its Value Chain. Many
conceptual designs were generated so that the gap could be addressed by separate
or combinations of Tiers in a values chain. These Tiers are: the airline, the engine
manufacturer, the component manufacturer and the material supplier. This was a
qualitative, “push” and “pull” application of the SIU Method.

e Case Study: A Cooking System and Building Design. Various conceptual designs
were generated to reduce the side-effect of excessive heat that was produced by a
domestic cooking process. Also, conceptual building designs and refurbishment
were generated as another way to reduce or eliminate the issue. This was a
guantitative, “pull” application of the SIU Method.

e Case Study: A Driver Instruction System. Conceptual designs were generated to
improve driving instruction that supports a truck PSS. This was a qualitative, “push”
application of the SIU Method. This showed how a supplier could make
recommendations (such as product or process changes) to a customer by detailing
how that recommendation is expected to improve that customer’s system.

e Case Study: A Fault Reporting System. Conceptual designs were generated to
improve a driving fault reporting system that is used by a Truck OEM (that offers a
truck PSS) that needs to monitor and improve poor driving that can damage the
asset. The outcome of the SIU Method was that an in-cab device would be the
solution which would eliminate the gaps (Hussain, 2010). Although the Truck OEM
initially rejected this solution, when the Truck OEM'’s technology supplier then
independently made the same suggestion, a driver feedback device was
subsequently developed and has now be rolled out to several fleets.

Although the SIU Method appears to be applicable to processes in general, further

refinement of the Method and the format of the Workbook are required to ensure its

ease of use.
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8.1.8 Generalizability

As case studies have been performed across several industries, value-creating systems
and sub-systems, the potential applicability of the SIU Method to other industries and
contexts would appear to be high. Therefore, at this point, it would appear to be a safe
claim that the SIU Method has a high generalizability and should apply to any system
with which there is an issue.

The reason for the generalizability of SIU Method being high is attributed to
the grounded approach which gathered the opinions of experts in many industries as
to how SIU data could inform PSS Conceptual Design, the in-depth study of a company
that actually uses SIU data to inform PSS Conceptual Design, the constant member-
checking and the repeated triangulation with the literature.

Although the SIU Method was developed to generate initial capital intensive
and industrial PSS Conceptual Designs, as shown in the Cooking Case Study (Chapter 7),
the Method also appears to have applicability to low-cost, consumer and domestic PSS

Design.

8.2 Recommendations for Improving the SIU Method

Change Management: For a method such as this to be firstly applied and then
effected, careful attention should be paid to change management as although this
method can suggest very innovative improvements to a capability, that does not
necessarily mean that such changes should automatically be instituted; a through audit
of existing stakeholders and ones that could be lost as well as new ones that the new
solution will involve should help to determine who will be affected by the introduction
of any solution and then any resistance to change can be ascertained, examined and
catered for sensitively. Although this is outside of the scope of this research, for the
SIU Method to become more apposite to industry, a recommendation is made for an
extension to the Method so that this can be referenced.

Application cross multiple processes in a firm: Most firms (and individuals) will have

several key processes that are important to them. From the case studies that were
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conducted, it can be seen that changes to one process can have knock-on effects to
other processes. One example is in the driving instruction case study where the driving
simulator could be used not just to train drivers in areas where they are deficient but
also during the hiring process to test drivers as to their competency. Another example
is in the aero engine value chain case study (Chapter 7) where the engine design could
be changed so that the component could simply be replaced at regular intervals rather
than maintained; this solution becomes more attractive if the aero engine OEM wishes
to offer a “power-by-the-hour” business model. To do this, the SIU Method could be
extended so that several parallel processes could be examined. Defining issues with
several processes and generating solutions should help solutions to be found that
could be beneficial across more than one process in any given firm. Therefore, even if a
solution was costly to initiate for one process, the benefit it also brings to other
processes may make that solution more cost-effective.

Business Strategy: The SIU Method can suggest changes and/or the development of
new market segments, products, services and PSS; these all impact upon the business
strategy of the firm. Furthermore, the Design Option of Substitution can force the
consideration that competitors may be able to supply a more compelling value
proposition for the customer. All of these issues seriously impact upon the business
strategy for the firm (this was raised in Chapter 6) and there is also the matter of issue
prioritisation and selection (this was raised in Chapter 7). For these reasons, a
recommendation is made for the SIU Method to be tied more deliberately to business

strategy.

8.3 Recommendations for Improving the SIU Workbook

The Workbook requires more refinement to ensure its ease of use. This could be
conducted by holding workshops with industries who have expressed an interest in
using the SIU Method, allowing them to follow the steps in the Workbook and then
eliciting feedback as to how clear the steps are, whether the rationale behind each
step (and the overall Method) was clearly explained and the general layout and
sequence of the Workbook. A tutorial (perhaps a video tutorial) is also required to

guide the user and inform them as to the background of the SIU Method. The
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language needs to be simplified and there should be more instruction on the
techniques, how the Method is derived and how it relates to servitization. The
Workbook also needs to look more like a user Manual; a side-bar showing which part
of the Method is being followed at any given time would be useful as would a pull-out
section showing the method steps and the techniques. A simpler case study should be
used as an introduction and there should be a synopsis of other case studies to which
the Method has been applied to show the user where the Method can be applied and
its usefulness. An electronic guide could be created which would allow scoring
(validation checks) so that the person applying the method could be sure as to how
well they’ve applied the method and parts of it they may have had to miss (because of
lack of information, for example); this should lead to an overall scoring which will
indicate the trustworthiness of the outcome of that particular application of the

method.

8.4 Research Limitations

In this Section, the overall research limitations are presented as well as the limitations
in respect to the research methodology. As described in Chapter 3, a qualitative
research approach was followed and, as such, concerns arise which are related to the
limitations of a qualitative study. A major issue is associated with the replicability of
obtained results, which cannot always be achieved easily as when a quantitative
approach has been followed. However, in the investigation as to how industry uses
product-in-use data (amd opinions as to how product-in-use data could be used) to
inform PSS Conceptual Design (Chapter 4), very many respondents were interviewed
across many industries for over a period of three years. Also, as constant member
checking took place, this should also help to ensure the reliability of the results. The in-
depth study with the HVAC Consultants (Chapter 5) and their subsequent feedback
(Chapter 6 and Chapter 7) also spanned a period of three years. Although, this could
have introduced researcher bias, it is believed that the constant member checking that
took place would have uncovered this had it occurred.

To ensure that the case studies were conducted satisfactorily for this research,

the following steps were taken:
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1) Methodical planning prior to conducting the case studies in collaboration
with the experts helped to ensure that everything was prepared and that both
sides shared a common understanding of the requirements

2) The involvement of the author in the selection of the case studies ensured
that they satisfied the needs of the research

3) De-briefing sessions so that the experts could comment and give feedback as

to the resultant findings.

8.5 Future Work

If the SIU Method is to be used as a complete PSS Design Methodology, further case
studies are required which will allow in-depth, longitudinal studies (covering life-cycle
phases) of a capability as well as its contributing capabilities and those it contributes
to; ideally, these should be core value-creating capabilities. Nevertheless, as such an
undertaking can be difficult because of limited access to proprietary information
regarding core capabilities, it is suggested that further research may have to just focus
upon either capabilities which are transparent or those which are auxiliary capabilities
to key value-creating capabilities to the case study company. Such a case study should
be a novel situation where the SIU Method can be applied to, not only the use phase
but also to the accepted solution’s initiation, attuning and end-of life phases to close
any gaps the solution may have. The SIU Method should then also be applied to
supplier capabilities to assess and address any gaps in supply to the new solution. The
implementation of the solution should be followed up and then assessed for its
effectiveness as compared to other possible solutions which could have been
implemented. This would be required for an in-depth assessment of the SIU Method.

If the SIU Method is to be used as a stand-alone PSS Design Method then, the
technique for evaluating the conceptual designs will need to be changed. The reason
for this is that several conceptual designs may be generated, each of which may satisfy
different stakeholders in different ways. In such a situation, it would be important to
assess which aspects of each solution is important to each stakeholder and also where

the common ground is. A technique such as AHP could be useful here.
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Industry-specific versions of the SIU Method and computer systems could be
created which could draw on a database of issues specific to a particular industry or
process and relate them to the solutions which have been known to close the gaps.
This would be an expert system which could be continually updated with new solutions

and technologies as they arise.

8.6 Conclusions
This section outlines the key research contributions:
8.6.1 Contribution to Theory Development and Reconceptualisations

It is the customer’s value creating system which is the problem space and the solution
space for PSS Conceptual Design. Furthermore, and quite remarkably, it also appears
that the customer’s value creating system is also the problem space and the solution
space for Product Conceptual Design and also Service Conceptual Design. This is
because any gaps in the system present an opportunity for the provider to fill those
gaps such as with an enhanced product, service, PSS or advice to the customer
regarding their use patterns or how they arrange their environment. This is a stark
contrast to the conventional elicitation of requirements where the provider would
deem the customer’s issue and the solution to that issue to begin and end, quite
often, solely with the provider’s value proposition.

It is important to note that, throughout the ages, customers have traditionally
designed their own value-creating systems and then sourced, evaluated, integrated
and attuned various value propositions (including PSS) with their own resources to
suit their own environments in order to achieve an aim they have. These customers
then operate, maintain and make improvements to that system.

The idea of Conceptual Design is not new and this has been traditionally in the
hands of the customer who is (it appears), essentially, a designer. However, in order
to offer value propositions that more closely help to achieve customer goals,
servitizing providers (and perhaps providers in general) need to either appropriate
part of or assist those traditional design roles of the customer in order to help to

design and implement systems which deliver more value in use. Thus, PSS Conceptual
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Design (and perhaps Conceptual Design in general) should start with the design of the

customer’s value creating system and not just with the design of individual products

and/or services.

This understanding has produced the following theoretical reassessments of existing

PSS Design theory:

1. The Data to Collect and Analyse

The established unit of observation: Product-in-use. Although PSS literature
stresses a need to close the design loop by feeding product-in-use data into
PSS Conceptual Design, the term suggests that the provider’s product offering
is the primary unit of observation (and perhaps analysis) for PSS Conceptual
design.

The proposed unit of observation: System-in-use. It is the customer’s value-
creating system that should be the primary unit of observation and this should
also be the primary unit of analysis. This will inform the provider as to the
degree to which that system meets the customer’s functional needs. This can
then be compared to other system designs (which may differ in small ways or
be radically to the current system) to ascertain the degree to which any
proposed solutions deliver more value in use than the current one and how

the new solutions compare to each other.

2. Integration of the Product and Service Elements

Integration in PSS Design: Rather than the concern of the provider being that
the product and service of their PSS be integrated together (as emphasised by
the extant PSS literature), the concern should be that those product and
service elements are integratable into the customer’s value creating system
and support it. Also, the product and service elements may not necessarily be
directly related to each other although they will be integral parts of the

customer’s system.

3. PSS Conceptual Design:

a) Types of Design to Generate: Extant PSS Design Methodologies tend not to

have a coherent set of design options which can be applied to generate
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possible designs (Annamalai Vasantha et al, 2012). However, if the
customer’s value creating system is regarded as the design space (that is,
the problem-space and the solution-space), then each of the elements of
that system can then be considered in turn for redesign in order to
ascertain which change would improve value in use. Conventional,
incremental solutions should be generated alongside any innovative
solution (such as a PSS). This allows any innovative solutions (such as PSS)
to be compared against more conventional solutions to gauge the merits
and demerits of those innovative solutions.

b) Which Sub-systems Should be Considered for Redesign: A value-creating
system is recursive. That is, it is composed of sub-systems which are value
creating systems in their own right. This theoretical basis allows each
stakeholder’s contribution to be evaluated and, to address any system
shortfall, each of the various value creating systems that have interacted
can then be conceptually readjusted to ascertain which system(s) and
which adjustment(s) at which tier could help to close any gap in the
customer’s system.

This theory that was generated lead to the following reconceptualizations:
» A Reconceptualization of PSS
= A current definition of PSS: ‘A PSS is an integrated product and service offering
that delivers value in use.” (Baines et al, 2007). This is a widely used definition.
However, a PSS can never deliver value in use. At best this definition could be
considered to be misleading and it could even be described as a misconception.
It is the customer’s system (in which value propositions are embedded), in
accomplishing a task the customer deems necessary, that can actually deliver
this — this is co-creation. Any given value proposition will only ever be a sub-set
of that system and it can only help to support that system.
= A proposed definition of PSS: A customer’s value-creating system delivers value

in use. A PSS is a product and service value proposition which is integratable into
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a value-creating system and contributes to that system. It is important to note
that a PSS may be one of many resources which contribute to that system.

» A Reconceptualization of Servitization

= A current definition of Servitization: “Adding a service to a core product”. From
the interviews with industry, this phrase was stated very many times. It could be
argued that this definition is essentially provider-centric; its consideration
appears to be more with that of the provider’s value-proposition rather than
with the customer’s value-creating system.
= A proposed definition of Servitization: “Serving a customer’s overall goal”.

Besides adding services, there may well be other improvements to a customer’s
value-creating system that could be made which are more apposite and which
also do not over-reach the provider’s capabilities. The various solutions which
can be generated (which can encompass PSS designs or be more conventional
changes) should be compared against each other to evaluate which solution is
the most appropriate. It is then for the stakeholders to reckon which part of the
accepted solution each is best placed to offer and/or control. A PSS could be
merely one possible type of value proposition (out of several) that could be
viable and then only if it supports the customer’s system needs (helps to
achieve the customer’s goal) more than any other generated solutions. PSS are
not a panacea; it is important to ascertain when it is apposite to develop and
offer a PSS and when another solution is more fitting for all of the stakeholders
else ‘the cure’ (the PSS) could be worse than ‘the disease’ (the customer’s
issue). Such understanding should help providers from spiralling into the
services paradox.

PSS Conceptual Design (along with, Product Conceptual Design and Service

Conceptual Design) appears to be a function of process or, more precisely, system

design. This is because it is the customer’s value creating system which delivers value

in use (achieves the customer’s business aim) and the consideration of its redesign to

increase value in use can generate Conceptual Product, Service and/or PSS Designs as

well as suggestions to modify the environment and/or change the receiver.
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8.6.2 The SIU Method

The research objectives were met by the development of the SIU Method which is a
problem-solving method that can be used quantitatively or qualitatively. It generates
initial Conceptual Designs which can be simple, conventional designs along with
designs which can be very innovative and PSS Designs. This allows any PSS Conceptual
Design to be evaluated against more conventional designs to assess which solution is
the most apposite. The generated designs can address the part of the system which
contributed most the value loss of the whole system, redesigns of the whole system,
changes to the environment (local and wider) and changes to the receiver of the
system. Using the same Method, these solutions could also be evaluated against
supplier capability to ensure that suppliers do not over-reach their capabilities.

In addition to this, the SIU Method can open up the problem-space throughout
the value chain which allows for different solutions to be generated at different tier
levels; depending on which solutions have been selected, this then allows different

capabilities at different tiers to become the focus for redesign.

8.6.2.1 The SIU Method as a PSS Design Method

The SIU Method, rather just utilising SIU data to inform PSS Conceptual Design, could
be regarded as a PSS Design Methodology in its own right. This is because its
theoretical underpinning allows for the assessment of value gaps and the
consideration of redesign of all of the elements in a capability in any system to achieve
an end. For this reason, it appears that the method applies to, not only the
examination and closing of gaps in the use phase of a system but also:

e Solution Refinement: as shown in Chapter 7, it appears that the SIU Method
could also be used here to refine the selected solution by closing any gaps the
solution may have.

e Lifecycle Engineering: By also applying the SIU Method to the initiation,
integration, attuning and end of life phases of the selected solution, gaps

throughout the expected lifecycle of the solution can be pre-empted which
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could lead to that solution being rejected (and new ones selected) or those
gaps being closed by generating solutions. This would be achieved by applying
the SIU Method in order to depict that phase of the solution, describe any gaps
that it is expected to have and then generating designs to close the gaps.

e Supplier Capability: Using the SIU Method, the difference between what
suppliers can presently offer (including what the customer will have to
contribute to the new system) and the demands of the new solution can be
assessed. This will inform supplier selection and could lead to solutions being
rejected (and new ones selected) or new solutions could be generated to fill
the gaps. This would be achieved by applying the SIU Method to find the gaps
(the difference) between what the solution requires and what different
suppliers currently offer; this can help to determine which supply meets the
solution most closely and then designs can be generated to close the gaps.

As from the literature review, although currently the development of PSS solutions is
ad hoc and the roles and involvement of stakeholders at the various stages of PSS
development have not yet been fully defined, the above procedure for PSS Conceptual
Design is structured and involves the customer and suppliers along with manufacturers
to develop conceptual PSS solutions. Furthermore, this PSS Design procedure would
help to develop PSS solutions which are aligned to all the stakeholders’ capabilities; it
does this by taking its starting point as the value-creating system rather than starting
design from PSS types such as product-, result- and use-oriented. It would also improve
the overall life cycle of a system by avoiding sub-optimizing any individual activity. This
point is worthy of note. For example, in the laser job shop case study in Chapter 6,
collecting data from just the laser system and its maintenance service would have
revealed that the laser system has a high uptime but that it is being used to near
capacity. Such limited understanding could have prompted the provider to develop a
laser system with a higher capacity and offer it to the job shop. Alternatively, the job
shop could have stated to the provider that they had clients who were complaining
about the cost and time it takes for these clients to receive their laser-cut components;

this could have prompted the provider to speed up the laser system and reduce its
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costs. However, as seen in Chapter 6, the support that the job shop actually required
was for smaller capacity, dedicated process, lease or pay-per-use laser machines that
they could put on the client’s premises; this is a very different type of laser machine to
those previously mentioned. Without appreciating that it is the job-shops processes
that they should be designing for, the laser manufacturer could have invested a great
deal and spent a lot of time developing machines that would have more capacity or be
quicker and cheaper — none of which would have addressed this particular job shop’s

business issue.

8.6.2.2 The SIU Method Reframing Supply Chain Management

Although the many definitions of Supply Chain Management all tend to be focused
toward a physical transfer of goods (Ellram et al. 2004), the SIU Method allows for the
service that created those goods to also be considered during design. For the value
chain to learn, what is required is an awareness of issues arising in the value chain and
the ability to measure, not only any given firm’s performance, but also the overall
system performance (Lusch, 2011); the SIU Method, as illustrated by its application to
the aero engine value chain case study (Chapter 7), facilitates this.

Petersen, Handfield and Ragatz (2005), in an empirical study performed on a
sample of 134 predominantly manufacturing US companies, developed high-level
scales to assess the technical ability of a supplier; their work suggests that the best
method for coordinating the product, process and supply chain domains is to
effectively integrate the supplier into the development stage of the product (Petersen
et al., 2005) as, this way, coproduction would be fostered; the SIU Method can
facilitate the introduction of the supplier during problem identification and also
solution generation.

From the results of its application to the aero engine value chain case study
(Chapter 7), the SIU Method appears to have moved Supply Chain Management (SCM)
concerns from:

> Collaboration towards value co-creation,

» The consideration of the flow of goods towards the operant and operand

resources that have produced those goods and services,
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» Optimisation towards new business opportunities,

» Dyadic analysis towards network analysis

This has addressed several research questions (as taken from Lusch’s research

questions in his paper, "Reframing Supply-Chain Management: A Service-Dominant

Logic Perspective improving Supply Chain Management by taking a Service-Dominant

Logic (S-D L) perspective”) regarding the improvement of SCM:

“How can the customer’s value creating system be understood by SCM and
how can the contribution of suppliers to this be understood?”, (Lusch, 2011).
Understanding of the Customer’s Value-Creating System: It is important to
recognize that it is difficult, not to say impossible, to turn every expectation and
need into explicit requirements and then stringently decompose these
throughout the supply chain. In particular, service related requirements require
a great deal of use situation and contextual understanding. However, showing
how each stakeholder contributes to the end-customer’s value creation system
and depicting the customer’s issue as parameterised gaps within that value
creating system should help the issue to be understood throughout the value
chain.

“How can SCM make competitively compelling value propositions not only for
its customers but customers of customers and backward to the firm’s suppliers
and their suppliers?”, (Lusch, 2011).

The SIU method facilitates innovative suggestions to be generated at lower tier
levels which can “push” higher capabilities into new solutions and, similarly,
innovative suggestions are also generated at higher tier levels which can “pull”
lower capabilities into new solutions.

“How can the SCM learn more quickly and then act on this learning to
continuously have a knowledge advantage and hence competitive advantage?”,
(Lusch, 2011).

The method is useful in capturing issues and generating solutions and so can
be used for knowledge transfer to new projects so that the issues will not

surface again, Furthermore, this method could be a means to “future—proofing”
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capabilities: ‘What-if’ analysis could be performed using the SIU Method as
this could also be applied to see what gaps and solutions would be generated if,
for example, a customer demanded a higher responsiveness from the provider
or if a supplier put up their prices by, say, 10%; this would help to determine
the flexibility in their capabilities and, by modifying the capabilities accordingly,
could help to make them more future-proof.

e “How can the SCM develop a global communication system that allows for
diverse cultures operating around the world to work as an effective team?”,
(Lusch, 2011).

An overriding issue in this case study has been the information flow between
the stakeholders, which is a common issue in value chains and in developing
enduring, innovative solutions. The SIU Method can help to tackle this area by
opening up the channels of communication between stakeholders.
Furthermore, the system depiction is accomplished using a version of Service
Blueprinting which is a common representation technique that is widely
accepted and easily understood. Likewise, the operant-operand diagrams and
Proposals Matrix would also appear to be fairly simple methods which should
be comprehensible by most stakeholders. For these reasons, it is expected that
the system depictions and gaps along with the generated solutions should be
widely comprehended by a variety of stakeholders in any geographical location.

e “How can the SCM open its innovation process to all members of the service

ecosystem yet protect important property rights?”, (Lusch, 2011).
For any given capability, the operant and operand resources as well as the
process, environment, market segment and system can be considered for
redesign so as to close the gaps within that capability. Furthermore, if that
capability is drawn as part of other stakeholder’s capabilities, those capabilities
can also be explored for solutions to close the gaps. This unpacking of capability
facilitates innovation as hitherto overlooked factors can now be considered for
redesign. The case study shows that the SIU Method can be used even when

capability information is incomplete and just based on qualitative information.
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Following all of the steps prescriptively as in the quantitative version of the SIU
Method could be unwieldy and industry tends to be more solutions-focussed
rather than problem-orientated. However, using the qualitative version of the
SIU Method allows for a speedy, general understanding and generation of
solutions to be produced which also protects proprietary data. The results can
be used as a ‘rule-of-thumb’ and as the start of a dialogue with other
stakeholders to demonstrate how the method can produce pertinent results.
This could then lead to further, more detailed exploration of the issue by each
stakeholder applying the quantitative version of the SIU Method and then

sharing those parts of the output of the method which are non-sensitive.

8.6.2.3 Customer Requirements

Within the PSS context, Toossi has identified several dimensions of value which are
necessary for the provision of maintenance services (Toossi, 2012) but which could
also apply to services and capabilities in general. Some of these dimensions of value
are Delivery, Locality, Cost Saving and Responsiveness. The laser job shop case study
(Chapter 6) showed how the speed and cost of Delivery and Locality of the provider
can be prime concerns of their customers. The issue of Cost Saving and Responsiveness
were also concerns and these were depicted and addressed. The SIU Method showed
that the cost and speed (the capability parameters) of Delivery resulted in customers
paying a much higher price and it took a long time for their laser cut parts to arrive. A
possible solution was for the laser job shop to move some capability closer to the
customer (increase Locality) which would result in Cost Saving and increased
Responsiveness.

Other dimensions of value are Communication, Detailed Analysis, Innovation,
Proactiveness of the Service Provider, Service Driven Attitude, Quality of Service and
Understanding the Customer’s Business (Toossi, 2012). From the Aero Engine value
chain case study (Chapter 7), it can be seen that these dimensions of value that the
customer requires have been improved by the application of the SIU Method.

This would suggest that this method provides a way to depict customer

requirements as determined by the value-in-use they experience by locating and
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measuring gaps within a capability and then affording a technique to adjust the system

in various ways so that these gaps can be reduced to improve value-in-use.

The author currently claims that the application of the SIU Method within an industrial
environment can define the problem-space of any reported issue and then allow a
wide solution-space to be identified so that initial, Conceptual PSS Designs and

conventional designs can be generated to address that issue in a variety of ways.
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9.1 Appendix A
Interview Questions (See Chapter 4.1)

Product Service Systems Conceptual Design:
Specific Topic: Maintenance Services

Objectives of this study:

» To identify the AS-IS process followed in industry to design (or plan)
maintenance and related service activities.

» To identify the level of service network capability consideration at the
maintenance design stage.

» To identify the level of feedback from customers, users and the PSS or asset
to influence PSS Conceptual Design.

Semi-Structured Questions for:
e companies producing industrial, capital-intensive, technical and infomated PSS with
e senior managers with at least five years’ experience in their role and knowledge of
PSS and maintenance

Research aim:

The aim of this research is the development of a framework which uses product-in-use data to
inform PSS conceptual design to address the issues customers have when using a PSS or
product to meet their objectives.

Research stage & current insight: (Focus for exploration)

The AS-IS situation with regards to how industry which produce capital-intensive, infomated
and technical PSS use product-in-use data to inform PSS Conceptual Design.

Case description: (company type, respondent)

Company Name: Job Title:
Respondent Name: Job Role Details:
Contact Details: Years of Experience in

that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company produces capital-intensive, technical and industrial PSS. The respondent at the
company also has an extensive knowledge of servitization and PSS. The company is interested
in methods to develop PSS as well as any possible, general improvements in its processes and
those of its suppliers and customers.
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Interview Questions

1. Organization

1.
2.

How big is the company?

How many products, maintenance contracts or PSS do you sell on average per
year?

What types of PSS do you offer?

How is the company spread (the locations) and how does each division cater
for maintenance?

What is the size of the maintenance service department?

Who are your customers and where are they located?

2. Design of Maintenance

Eal

6.

What kinds of maintenance service are offered?
Why do you offer these maintenance services?
How do you decide which maintenance services should be offered?
Do customers demand particular maintenance services?
= |f so, why do customers expect these maintenance services?
Who in the organization plans these services?
= What is the organizational structure of the maintenance service
department?
= How is the work divided within the maintenance department?
=  Who are the stakeholders for these maintenance services?
= What are the roles and responsibilities of the stakeholders?
= What resources (people, equipment, software) do you have to carry out
these maintenance services?
How do you plan for these maintenance services?
= Do you use any methods / tools to plan for these maintenance services?
= Are you given maintenance service requirements from your customers?
If so, what are they?
= How do you decide on the resources (people, equipment, software)
required for these maintenance services?
* How do you decide whether to manufacture or buy any of these
resources?
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i. What procedure, model or framework do you follow during the
make or buy decision making process?

ii. If you buy these resources; who is responsible for the supplier
selection procedure?

7. What does a maintenance service plan contain?

8. Do you evaluate the maintenance services provided? If so:

b.
C.

How do you evaluate these maintenance services?
Are there any regulations and/or standards to which these maintenance
services should adhere?

9. What are the challenges faced when offering these maintenance services to

your customers?

10. What kinds of maintenance services would you like to offer to customers in the

future?

3. Supply network

11. Do you directly offer these services to your customers? If so :

a.

Where are your maintenance offices located?

12. Do external suppliers assist you in providing these maintenance services?

b.
C.
d.

g.

What is the total number of suppliers involved in maintenance?
Where are these suppliers located?
Who from which department is responsible for dealing with suppliers
for maintenance services?
What kind of products and what kind of services do you acquire from
external suppliers for maintenance services?
How do you manage (i.e. control, plan and coordinate) your suppliers?
i. Do you evaluate the services and/or products provided from
suppliers?
ii. Ifso:

1. How do you evaluate these products and services
acquired from suppliers and what kind of measures do
you use?

2. What is the difference between the measures for
products and the measures for services acquired from
the supplier?

Are suppliers involved in the design of maintenance services? If so:
i. What is the suppliers’ role and involvement in the design of
maintenance services?

4. How Product-In-Use Data is used to Influence PSS Conceptual Design
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Field Data and PSS Conceptual Design:

1. How do you think a PSS should meet a customer’s needs?

[If there is a pause or no answer, then ask:]
i. How do you think a PSS should differ to a product in terms of

satisfying customer’s needs?

2. Do you utilise product-in-use or PSS-in-use data to inform PSS Conceptual
Design?

If so:
a) Where do you collect data from to influence PSS Conceptual Design?

b) What type of data is collected?
c) How is the data collected?
d) Could you describe typical data sets?
e) What does the data indicate?
I.  Why s it important for the data to indicate this?
II.  How isthe data processed to indicate this?
f) Is this augmented with feedback directly from customers and/or users?
g) What tools, techniques or methods are used?
h) How does the data inform PSS Conceptual Design?

i) Specifically, have maintenance, maintainability or [if you have
availability contracts] availability contracts been influenced by such
data?

i) Who (or which department) is responsible for analysing the data?
k) Could | see a sample data set or documents that that relate to this?

If not (they don’t utilise data from the field to inform PSS Conceptual Design):
a) Where do you think data should be collected from to influence PSS

Conceptual Design?

b) What type of data should be collected?
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c) How should the data be collected?
b) What should the data indicate?
I.  Why should the data indicate this?
II.  How could the data be processed to indicate this?
d) What tools, techniques or methods could be used?
e) How could the data inform PSS Conceptual Design?

[If there is a pause, no answer or “don’t know” then ask:]
. For example, could the data be mapped to different PSS

Designs?

[If the answer is yes, then ask:]
II.  How could this be accomplished?

Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

A report will be created, describing the findings from all of the interviews within this sample.
The feedback that the respondents give will be used to refine the conclusions and questions
and will then be and presented to the respondents to check their validity.
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9.2 Appendix B
An Anonymised Sample Data Set of an HVAC System (See Chapter 5)

. Fan Fan Fan Low Quiside
Date and Time | . -y | Coil Fan Coil | Fan Cail | Coil Coil Desk Supply | Corner | Pressure [ Chilled Outside Alr
Unit@ Units Unit4 Unit3 Unit2 Jnit1 Ceiling Level Floor Air Office Hot Water | Water Air Mormal | Radiant
2710142009 00:00 99.8 30.8 31.1 32.1 29.8 211 227 221 21.8 20.8 20.9 49.8 21.8 13.9 20
271012008 00:01 997 31 31.8 33 311 211 227 227 218 208 21 497 218 141 20
270142009 00:02 99.9 N7 31.9 33.8 327 211 227 227 21.8 20.9 21.6 491 21.8 14.8 20
2710142009 00:03 33 31 31.8 34 337 211 227 228 218 209 218 49 218 15 20
27/01/2008 00:04 32 298 30 338 34 211 227 229 218 209 218 49 218 14 8 20
2710142009 00:05 30.1 28 28.1 32.8 34.1 211 227 229 21.8 21 21.9 48.9 21.8 14.7 20
2710142009 00:06 28 266 26.8 311 338 211 227 229 218 21 22 489 218 147 19.9
2710142009 00:07 26.8 259 25.8 30.1 32.9 21.6 227 229 21.8 21 22 48.9 21.8 14.9 19.9
2710142009 00:08 257 251 25 28.9 32 21.6 227 229 21.8 21 22 49 21.8 14.7 19.9
270142009 00:09 24.8 24.8 24.8 279 k) 21.6 227 229 21.8 211 22 491 21.8 14.8 19.9
2710142009 00:10 241 247 246 27 307 216 227 229 218 211 219 491 218 14.9 19.9

A Sample of HVAC data which is collected by sensors from each of the devices in an HVAC Process
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9.3 Appendix C

Interview Questions (See Chapter 5)

Product Service Systems Conceptual Design:

Specific Topic: Maintenance Services
Objectives of this study:

» To identify the level of feedback from customers, users and data from the
PSS or asset used to influence PSS Conceptual Design.

Semi-Structured Questions for:
e A company producing low-cost, technical and infomated PSS with

e senior managers with at least five years’ experience in their role

Research aim:

The aim of this research is the development of a framework which uses system-in-use data to
inform PSS conceptual design to address the issues customers have when using a PSS or
product to meet their objectives.

Research stage & current insight: (Focus for exploration)

The AS-IS situation with regards to how industry use system-in-use data to inform PSS
Conceptual Design.

Case description: (company type, respondent)

e Company Name:

Respondent 1
Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:

Respondent 2
Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:
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Respondent 3
Respondent Name:
Contact Details:
Job Title:
Job Role Details:

Years of Experience in that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company produces low-cost, technical PSS which supports their clients in offering capital-
intensive PSS. The aim of this investigation is to ascertain the AS-IS situation for how this
company uses system-in-use data to influence PSS Conceptual Design.

Interview Questions

1. Organization
a) How big is the company?
b) How many products, maintenance contracts or PSS do you sell on average per
year?
c) What types of PSS do you offer?
d) How is the company spread (the locations).

2. How Product-In-Use Data is used to Influence PSS Conceptual Design
Field Data and PSS Conceptual Design:

3. How do you think a PSS should meet a customer’s needs?

[If there is a pause or no answer, then ask:]
ii. How do you think a PSS should differ to a product in terms of

satisfying customer’s needs?

4. Do you utilise product-in-use or PSS-in-use data to inform PSS Conceptual

Design?

If so:
a) Where do you collect data from to influence PSS Conceptual Design?

b) What type of data is collected?
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c) How is the data collected?
d) Could you describe typical data sets?
e) What does the data indicate?
lll.  Why s it important for the data to indicate this?
IV.  How is the data processed to indicate this?
f) Is this augmented with feedback directly from customers and/or users?
g) What tools, techniques or methods are used?
h) How does the data inform PSS Conceptual Design?

i) Specifically, have maintenance, maintainability or [if you have
availability contracts] availability contracts been influenced by such
data?

i) Who (or which department) is responsible for analysing the data?
k) Could | see a sample data set or documents that that relate to this?

If not:
f) Where do you think data should be collected from to influence PSS

Conceptual Design?

g) What type of data should be collected?
h) How should the data be collected?
c) What should the data indicate?

I.  Why should the data indicate this?

II.  How could the data be processed to indicate this?
i) What tools, techniques or methods could be used?
j) How could the data inform PSS Conceptual Design?

[If there is a pause, no answer or “don’t know” then ask:]
. For example, could the data be mapped to different PSS

Designs?

[If the answer is yes, then ask:]
II.  How could this be accomplished?

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 271



Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

A report will be created, describing the findings from all of the interviews within this sample.
The feedback on this report that the respondents give will be used to refine it and it will then
be and presented to the respondents to check its validity.
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9.4 Appendix D

A Floor Plan of a Space under Investigation (See Chapter 5)
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9.5 Appendix E
A Scenario of Usage to Validate the Ontology (See Chapter 5)

Background to the HVAC Scenario

A potential client has raised an issue with the HVAC Consultants that the users of a

room in their building have found that room to be too cold. This means that the

heating capability of the room is at a level below that which is required. This overall

heating capability consists of:

e A way (operand resources — several radiators) to heat (a process) the air (the
operand resource).

e This will take place in an environment:

o Local environment: the room — this room is 30’ x 30". There will be a door,
two windows and a ventilation in this room along with the 10 users of that
room.

o Wider environment: One of the room’s walls being exposed to the outside
environment and the remaining walls are shared with other rooms.

The first task would be to find out where the problem is; the users could, for example
have found that when sitting at their desks they become too cold. The exact
temperature of this area would need be polled and it should then be established what
temperature the users desire.

To find which part of this system (the heating capability) which has contributed most
to the excessive coldness, each part of this system can be examined using temperature
sensors.

Scenario:

A correlation is found between the outside temperature and the room temperature;
only on cold days does the room become excessively cold.

To conceptually redesign this system, a change to each part of the capability can be
considered in turn:
e The environment:

o Wider environment: perhaps a board (an advertising board, for
example) could be placed on the outer wall — this could partially
insulate that room.

o Local environment: The room could be insulated.
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e The heating resource (the operant): perhaps this could be changed in several

ways:

o

O

O

More heating units added.

The setting of the radiators could be increased to a higher level.
Substitute the radiators for more powerful ones.

Elimination of the radiators does not seem to be a reasonable option in
this particular scenario.

e The air (the operand): the only way to change this appears to be with the

ventilation system:

o

Substitute the current ventilation system with one that does not let in
too much cold air or with one that heats the air as it enters the room.
Elimination of the ventilation system does not seem to be a reasonable
option here.

If too much cold air from outside is being let into the room, then the
ventilation system could be adjusted to reduce this.

An addition of a ventilator hood could minimise the amount of cool air
being let in.

e The process: the way the air is heated:

O

The radiators could be kept on (perhaps to a lower heat) even when the
room is unoccupied — this may allow the room to be kept at a warmer
temperature.

The addition of a reflective material behind the radiators could deflect
more heat back into the room.

The only way to substitute the process of heating the air would appear
to be with a new heating system such as underfloor heating.

Elimination of the process would not be reasonable here.

Other possible solutions are:
e Redesign the whole system: Replace the whole heating system with one that

can produce the desired temperatures.

e Change the receiver: If the room is an issue, then perhaps the users could be

moved to another room and this room could, for example, be used or storage

or for workers using computers — the computers could increase the

temperature of the room.
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9.6 Appendix F
The Workbook (See Chapter 6)
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Workbook

1 Overview of the Workbook

This Workbook has been created to help organisations to generate initial
ideas as to what sorts of PSS they could consider developing (or, if they
already produce PSS, how they could improve their PSS) and how these
match up against other more conventional designs. The objective of this
Workbook is to provide a step-by-step guide for initial PSS Conceptual
Design.

The method presented in this workbook generates Conceptual PSS
(Product-Service Systems) Designs from how customers actually use
products and services: it depicts reported problems as an issue with a
system, determines where value is lost within that system and then, to
increase value, generates possible solutions based on supplier capabilities.
The solutions are then evaluated to determine which close the gaps the
most and which the stakeholders find acceptable.

Although later stages of solution refinement are outside of the scope of

this research, suggestions are made in this Workbook as to how this
method can be applied to also help to further refine solutions.

www . cranfield.ac.uk | © Cranfield Unive rsity

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 278



Workbook
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regarded as a servitization enabler - they can help to support building product-
service systems (such as hospitals, apartment complexes and office blocks which
are leased or rented out). They can support these high value, technical product-
service systems by establishing a pleasant climate in the building for tenants or
lease-holders and by reducing the energy bills for HVAC systems: this would make
the occupation of the building more comfortable and affordable for its tenants. A
core service that Mowjo-E offer is the rationalisation of HVAC systems so that
large energy savings can be made on existing heating and ventilation systems: by
using sensors, trouble spots can be identified as can HVAC systems which may be

working in opposition to each other— addressing these issues can result in huge
energy savings. For this service, they offer a functional result; that is, the
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2 Foreword & Introduction

What is a Product-Service System (P55)?

Quite simply, a product-service system offering is an integrated product and
service package that can be used to help a customer’s task to be fulfilled™.

Why are Product-Service Systems Important for the UK Manufacturing Sector?

The UK manufacturing sector cannot compete on cost with manufactured
goods from low cost economies. Therefore, in order to gain competitive
advantage, the UK manufacturing sector needs to find new ways in which they
can deliver extra value to their customers.

To do this, the deeper needs of the customer (the goal that the customer is
trying to achieve when they are using a product or even a service) have to be
understood more clearly so that the provider can cater more finely to these
needs. As customers integrate products and services into a system to achieve a
goal they have?, providers need to know about the customer’s system and goal
so that they can then, not only determine how well their products and services
serve it, but what gaps are in that system. Any gaps in the customer’s system
(or any negative side-effects produced) present an opportunity for the
provider to fill those gaps with solutions {or minimise any unwanted side-
effects) and hence gain competitive advantage. Product-Service systems
represent one way that those gaps can be closed.

What Types of Product-Service Systems are there?

. A Product Oriented PS5 - is a PSS where the customer owns the product
but additional services such as maintenance are provided.

. Use Oriented P55 - This is a PS5 where ownership of the product is
retained by the provider, who then (for a fee) allows customers to use
the product per unit of use or time: this can take the form of the product
being shared, pooled or leased.

. Result Oriented PSS - This is a P55 where products are replaced by
services, such as, for example, voicemail replacing answering machines®.
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What is Product-Service Systems Conceptual Redesign?

This is the redesign of an existing system (a business or use process) with
which there is dissatisfaction. The new redesigns may stipulate new
requirements for elements {that is, products and services) within that system
or be a totally new redesign of the whole system. It is then for the stakeholders
(such as the provider, customer and suppliers) to allocate the provision, roles
and responsibilities of the various parts of that system ; that is, decide upon
which parts of the system each stakeholder is able to offer, run and be
responsible for. It is important to note that not all of the designs generated
will result in the suggestion of a PSS offering from a provider as any PSS
solution should be compared against other possible conventional redesigns to
assess that PSS’s merits and demerits.

When Should PSS Designs be adopted?

PSS offerings are not a panacea; they are merely another solution by which a
provider can augment their offering. There could be other more conventional
changes which could address any issue more exactly, easily, timely and
cheaply. It can be the case, even though a PSS offering could appear to address
an issue, that the disruption and costs in the initiation phase may make that
solution (at that moment in time) prohibitive for the customer and provider. In
such a case, at that moment in time, the “cure” would be worse than the
condition. Therefore, it is important to note that PSS offerings are only one
change that can be made to improve a customer’s system (although they can
offer huge improvements in value) and that they should be evaluated against
other possible improvements.

What is the System-In-Use Method?

This method documents, confirms and quantifies issues and then depicts them
as a loss in the outcome of a system; it then determines where value is lost
within that system and then, to increase value, generates possible solutions
based on supplier capabilities. Solutions are then rated as to the extent to
which they are expected to close the gaps and also which are acceptable to the
customer. The suggested solutions could take many forms includingthat of the
creation of PSS offerings. The process could be initiated by the:
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+ Provider:

o To suggest an improvement to a customer process based on new
supply capability (this is a “push”)

o To examine the system of one or more customers (in which their
offering is embedded) to see how they could better serve the
customer.

* Customer:

o As a way to report a problem to a provider with regards to a system
in which they use that provider's offering (this is a “pull”)

o As a way to for the customer to make improvements to their own
system.

The next stages of prototype development can occur where the solutions can
be further evaluated and refined — this stage is outside of the scope of this
Workbook.

How are More Refined PSS Prototypes then Developed?

Although this is outside the scope of this Workbook, this can be touched upon
briefly here.

The gaps in any new solutions could be found and filled using this method —
this would represent a further level of refinement and evaluztion of the new
solutions.

The ability of the suppliers to meet new solutions could be determined by
charting the gaps between the new solution and what the supplier can offer.
The gaps could be then filled using this method.

The method could also be usedto find and address gaps in, notonly in the use-
phase, but also in the initiation, integraticn, attuning and end-of-life phases of
the new solution. All of the stakeholders (such as customer: and providers)
could then collectively assess the solutions.

www cranfield.acuk | @ Cranfield Unive rsity
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2.1 How to Use this Workbook

This Workbook aims to provide a step-by-step guide to generating conceptual PSS
designs. There are two versions of the SIU Method: one which utilises quantitative
data and another which utilises qualitative data. The version shown in this workbook
is the quantitative version.

* For Customers Using Products, Services or PSS

This Workbook can be used by anyone wishing to analyse any dissatisfactions and
improve any system they have. The solutions produced can generate steps that
the customer can take and/or steps that the provider can take.

¢ For Providers of Products, Services or PSS

This Workbook will allow providers to gain a deeper understanding of how well
their offering fulfils their customer’s needs and how any issues could be looked at
systematically. The solutions produced can result in the improvement of their
offering and their general service to the customer.

wwnw cranfield ac.uk | @ Cranfield University 3lPage
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3 The System-In-Use Method

3.1 Introduction to the SIU Method

Meeting a Need: Customers embed products and services into a system with their
own resources in order to achieve a goal they have. The degree to which that system
{this can also be termed as a capability) meets their aims is the degree of usefulness
of that system (this is often referred to as value-in-use). Systems are composed of
sub-systems (also termed as sub-capabilities) which are systems in their own right.

Assessing the Usefulness of a System: to assess this, the difference between what
the customer wanted to accomplish and what they actually accomplished with the
system can be reckoned.

Assessing the Value Loss in a System: to find out where in that system value was
lost, the degree to which each sub-system contributed to the overall value loss can

be gauged.
The Wider Environment —
Wider Environment ——tiisTould be changed.
START
- Market Segment Shift: Do not offer
- this Owerall Capabilty to any
Sub-Capability E customers where these large gaps
,E appear and focus on clients where the
5 gaps are small.
-
= 0OR
2
=
= New Conceptual Design: Replace the
need for the offending capability with
Gap-located capability: (location of the The Local Environment —
gaps in the Overall Capability). This could be this could be changed.
substituted  with  another  capability,
customised, eliminated or added to.

Figure 3.1,1: The elements in a capability that can be changed
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Generating New Designs: this can be accomplished by considering changes to

various parts of the system (See Figure 3.1.1):

a) Changes that can be considered to the overall system are: changes to the
environment (local and wider), a completely new conceptual system or changing
the receiver to one whose needs are met by the system.

b) Changes that can be considered to that part of the system which contributed
most to value loss are: customisation, elimination or addition to that sub-system.
Alternatively, the offending part of the system could be substituted with another
sub-system.

Examination of the Value Chain: because the customer’s system is composed of sub-
systems, each supply that contributed to the offending part of the system (which
could be a product or service) can also be assessed in terms of how a change to each
supply could improve that offering and so improve the customer’s overall system.

Note:

Careful attention should be paid to change management as although this method can
suggest very innovative improvements to a capability, that does not necessarily mean
that such changes should automatically be instituted; a through audit of existing
stakeholders and ones that could be lost as well as new ones that the new solution
will involve should help to determine who will be affected and then any resistance to
change can be ascertained, examined and catered for sensitively.

www.cranfield.ac.uk | @ Cranfield Unive rsity 1
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3.2 Overview of the System-In-Use (SIU Method)

START
ISUPPLIER TIER = O1

| 1. Problem Definition |

Y
| 2. Find Gaps in the Overall Capability l
v
3. Find the Gap-Located Capabilities
within the System
Y
4. Corroborate the System Definition

W= —————

5. Depkct the operant and operand of
the Gap-Located Capabilities

v
6. Determine the Stakeholders

A

I 7. Comparison of Similar Capabilities |
W

5 | 8. Propose Solutions |
B 1%

9. Next Tier?
Is there an operant,
d or p belonging to
a lower Tier that you
wish to examine?

10. Increase the Tier by 1: Create
the Service Blueprint for this Tier.

11. Next
Gap-Located Capability?
Is there another gap-
located capability that you
ish to examine?

| 12. Rate and Select Solutions. |

Figure 3.2.1: The System-In-Use Method

w.cranfield.ac.uk | © Cranfield University

Description

Start with the end user (Tier 0)

1. Determines the issue and the system in which
the issue arose. The system is then depicted.

2. Determines what the issue is with the system
3. Finds where the issue is within the system

4. Ensures the legitimacy of the system
depiction.

5. Decomposes the issue within the system for
further exploration

6. This defines which stakeholder is responsible
for each part of the Gap-Located Capability.

7. Aids possible solution generation

8. Considers changes to the system.

3. Examines other parts of the decompose issue
within the system for further solution
generation.

10. Ensures that the value chain is considered
systematically and depicts the next supplier Tier.

11. If the issue has found to lie in more than one
part of the system, then this gap can similarly be
explored and solutions generated and
evaluated.

12. The solutions can then be rated and the
most acceptable ones can then be selected.
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3.3 A Quantitative Version of the SIU Method

System Parameters

Range: thiz describes the
level of an effect. Examples
are temperature and weight

Span: this describes the
length of time it takes for an
effect to be reached.
Examples are hours and
days.

Time Cycle (TC): this
describes the times an effect
can be operational for use.
Examples are days and
weeks.

Cost: the monetary cost of
an effect. Examples are
pounds and pennies.

See Section 3.4 for more details
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START: At the start, the Supplier Tier is set to 0 — this is
the end-user (or the capability nearest to the end-user}
that the applier of the method can collect data from.
The parameters to collect data for are in Section 3.4.

1. Problem Definition:

For any capability in which there is dissatisfaction, start
with the end-users capability (or, if little is known about
this, start with the capability nearest to the end-user
from which data can be collected).

a) Quantify the issue:

i. Determine which parameterthe issue could refer
to (such as cost, range, span or TC) and determine
the issue’s units. Collect data to quantify the issue.
This will then help to either confirm or debunk the
reported issue.

ii. The Severity of the Issue: Check with other
stakeholders to determine if they are aware or
have experienced this issue and how important
they believe it to be. This will help to determine
how many stakeholders are affected by the issue
and its importance to the stakeholders.

b) Determine the scope of the system: collect data on
when the issue arises and how long it lasts. Note
any events or changes and the time they occur in
that environment when the issue is present. Then
compare these changes and events to when the
issue arises — this will help to determine the scope
of the system to be investigated and gauge the
frequency of the issue.

c) Depict the System: using Service Blueprinting,

Service Blueprinting is flowcharting
technique for service depiction.
Extended  Service  Blueprinting
allows detoiled product operation
to glso be shown.
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depict how all of the sub-capabilities are integrated
into a process in the overall capability. Label the
environments that each of the capabilities is
located in. For simplicity, Service Blueprinting could
be used or, if detailed product operation is a
concern, then Extended Service Blueprinting could
be used instead.

ty 13




2. Find Gaps in the Overall Capability: This quantifies the issue.
a) Define the Desired Overall Capability Parameter Values:
Determine what ideally should have happened for there not to
have been dissatisfaction. This indicates the level and type of
performance that is required for the receiver's goal to be
accomplished satisfactorily.
b} Define the Actual Overall Capability Parameter Values: Collect
data on what really happened in the capability in question.
c) Find the Overall Capability Parameter Gaps: This is the
difference between what actually happened and what should have
happened: the gap between the actual and desired capability.
Examples of possible data sources are interviews with the receivers
and owners of the process, data from sensors and the systems
analysis of the process. Add the gaps to the Service Blueprint.

3. Find the Gap-Located Capabilities within the Capability:
a) Define the Actual Sub-Capability Parameter Values: Find the
actual parameter values for each of the sub-capabilities in the
capability. This indicates how each sub-capability actually behaved.
b} Determine the Gaps within the Capability: This can be
accomplished in one of two ways:

|. By Expert Assessment:

*Define the Desired Sub-Capability Parameter Values: To do this,
an expert in that process and the sub-capability in question can
state the parameters of how the sub-capability should have
behaved in order for the gaps not to be present in the overall
capability.

#Determine the Sub-Capazbility Parameter Gaps: Determine
which sub-capabilities of the system contributed most to the
issue by finding the difference between the actual sub-
capability parameter values and the desired sub-capability
parameter values.

Il. Gap Contribution to the Overall System:

Gauge the proportion to which a sub-capability’s parameter has

contributed to the same parameter in the gap of the overall

capability.

c) Find the Gap-Located Capability: For large gaps, decompose
the sub-capability by creating a more detailed blueprint of it and,
again, find the gaps. Again, find which sub-capabilities have the
largest gaps. This can be repeated until the lowest level of
decomposition is reached. The sub-capability(s) with the largest
gap(s) become the Gap-Located Capability(s). Add this to the
Service Blueprint.

14
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Operant o prand  Outcoma
Resource

Rasourcs

Operand-Operant  Diagrams
ore  decompositions  that
allow for how an effect was
created to be examined. See
Section 3.4 for more details.

1) NEW CONCEPTU AL DESIGN

2) MARKET SEGMENT/ RECEIVER SHIFT

3) CHANGES REGARDING THE
OFFENDING PART OF THE SYSTEM

&) SUBSTITUTE

b) ELIMIMATE

) ADDITION

o) CUSTOMISE

4) ENVIRDMMENTAL CHANGE

#] CHANGE LOCAL ENVIRONMENT

b) CHANGE WIDER ENVIRDNMENT

Design Options that can be
opplied to the system fo
generate new designs. See
section 3.4 for more details.
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4. Corroborate the System Definition: Where possible,
consult with other relevant stakeholders, experts and
archival material as to the legitimacy of the system
depiction.

5. Operand-Operant Decomposition of the Gap-Located
Capability: Each Gap-Located Capability can then be
decomposed into its constituent parts of: operant
resource, the operand resource and the process by which
the operand resource changes the operant resource. If
there are several large Gap-Located Capabilities then,
rather than decompose each one, they can be grouped
and an Operand-Operant Diagram can be created to
show the relationships between them; this will allow a
common solution to be found later.

6. Determine the Stakeholders: Define the stakeholders
responsible for each part of the Gap-Located Capability.

7. Comparison of Similar Capabilities: to help generate
possible solutions, comparisons across data sets can be
made (if such data is available) to other similar
capabilities where the gaps do not appear or where the
gaps are reduced. Alternatively, qualitative comparisons
could be made.

8. Propose Solutions: If possible, with the help of
relevant stakeholders and experts, apply the third Design
Option (Changes Regarding the Offending Capability} in
the Proposals Matrix to the operand, operant and
operand’s process in the largest Gap-Located Capability.
Then apply the first, second and fourth Design Qptions to
the Overall Capability.

9. Next Tier?: If desired, another supplier Tier could be
explored. There could be an operand or operant resource
or process that the operand uses which has contributed
to the Gap-Located Capability that could be decomposed
further and then have the Proposals Matrix applied to it.
The resultant Proposals Matrix can eventually (outside
the scope of this research) be presented to that
particular supplier as they have the expertise to fully
correct and evaluate any possible solutions.

15
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10. Increase the Tier by 1: A methodological check to

Overall ensure that the value chain is considered systematically
Parameter and creation of the Service Blueprint for this Tier.
gap1
decrease 11. Next Gap-Located Capability?: If there is more than
one Gap-Located Capability, then this can be examined
HIGH similarly; this then becomes the largest Gap —Located
MEDIUM Capability to examine.
Low 12. Rate and Select Solutions: Each solution can then be
WA estimated as to the extent that it should close the gaps (as
High, Medium or Low]. If a solution cannot be generated

G o e e i for that type of redesign then “N/A" (Not :ﬁpplicablf] if

proposed  solutions can  be stated. For options which make the gap bigger, a “T*

given. See 3.4 for more details. symbol can be stipulated and for options which do not
change the gaps, a “0” can be given. The solutions which
close the gaps the most and which are acceptable can then
be selected.
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3.4 A Qualitative Version of the SIU Method

EX
. START: At the start, the Supplier Tier is set to 0 — this is
System Parameters the end-user (or the capability nearest to the end-user)
Range: this describes the that the applier of the method can collect data from.
level of an effect. Examples The parameters to collect data for are in Section 3.4.
are temperature and weight
1. Problem Definition:
Span: this describes the For any capability in which there is dissatisfaction, start
length of time it takes for an with the end-users capability (or, if little is known about
E:':;LIE;D ar:EhuLE:h:ndd this, start with the capability nearest to the end-user
e from which data can be collected).
Time Cyce (TC): this 2) Define the issue:
describesthe times an effect i. Gauge the Extent of the Issue: Describe how
E::r::k?e::o”:;zr L:;' important the issue is.
weeks. ii. The Severity of the Issue: Check with other
Cost: the monetary cost of stakeholders to determine if they are aware or
an effect. Examples are have experienced this issue and how important
pounds and pennies. they believe it to be. This will help to determine
See Section 3.4 for more details how many stakeholders are affected by the issue
and its importance to the stakeholders.

b) Determine the scope of the system: Describe when
the issue arises and how long it lasts. Describe any
events or changes and the time they occurred in

— .;:'_:":-_:'. that environment when the issue was present.
, Then compare these changes and events to when
== L‘"?_ the issue arises — this will help to determine the
T —— scope of the system to be investigated and gauge

the frequency of the issue.
c) Depict the System: create a basic Service Blueprint
of the end-customer’'s capability (or, if little is
- known about this, depict the capability nearest to
_ the end-user about which there is knowledge using
. the known, partial information of the applier (who
could be from any given company in the value
Friended  Service Bhueprinting chain). If possible, label the environments that
allows detailed product operation each of the sub-capabilities is located in. Service
S e e EhEr Blueprinting could be used or, if detailed product
operation is a concern, then Extended Service
Blueprinting could be used. Examples of possible
data sources are interviews with the receivers and
owners of the process and systems analysis.

Service Blueprinting is flowcharting
technique for service depiction.

(&}
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2. Describe Gaps in the Overall Capability: Describe
what is believed to be different about the Actual Overall
Capability and that of the Desired Overall Capability. Add
these to the Service Blueprint.

3. Describe the Gap-Located Capabilities within the
Capability: Describe where the gaps within the
capability(s) are estimated to be situated {which sub-
capability(s)). What are believed to be the sub-
capability(s) with the largest gap(s) become the Gap-

] Located Capability(s). Add this to the Service Blueprint.

4. Corroborate the System Definition: Where possible,
consult with other relevant stakeholders, experts and
archival material as to the legitimacy of the system
depiction.

5. Operand-Operant Decomposition of the Gap-Located
Capability: Each Gap-located Capability can then be
decomposed into what is estimated to be its constituent

‘-i ‘a parts of: operant, the operand resource and the process

Opemant ' Gutcome by which the operand resource changes the operant
Raseurce
e resource. If there are several large Gap-located
Operand-Operant Dicgrams are Capabilities then, rather than decompose each one, they
decompesitions that allow for can be grouped and an Operand-Operant Diagram can be
how an effect was created to be created to show the relationships between them; this will
examined. See Section 3.4 for allow a common selution to be found later.

mare details.

6. Determine the Stakeholders: Define the stakeholders
responsible for each part of the Gap-Located Capability.

7. Comparison of Similar Capabilities: to help generate
possible solutions, comparisons across data sets can be
made (if such data is available) to other similar
capabilities where the gaps do not appear or where the
gaps are reduced. Alternatively, qualitative comparisons
could be made.

www cranfield.ac.uk | © Cranfield University 18
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S T 8. Propose Solutions: If possible, with the help of
relevant stakeholders and experts, apply the third Design
2) MARKET SEGMENT/ RECEIVER SHIFT Option (Changes Regarding the Offending Capability) in
the Proposals Matrix to the operand, operant and
3) CHANGES REGARDING THE
OFFENDING PART OF THE SYSTEM operand’s process in the largest Gap-Located Capability.
o Then apply the first, second and fourth Design Options to
the Qverall Capability.
b} ELIMINATE
9. Next Tier?: If desired, another supplier Tier could be
) ADDITION
explored. There could be an operand or operant resource
GO or process that the operand uses which has contributed
A CVROMMETTAL GHANGE to the Gap-Located Capability that could be decomposed
further and then have the Proposals Matrix applied to it.
-u- LOCALENVIRONMENT The resultant Proposals Matrix can eventually (outside
) CHANGE WIDER ENVIRONMENT the scope of this research) be presented to that
Design Options that can be particular supplier as it is that stakeholder that has the
opplied to the system fo expertise to fully correct and evaluate any possible
generate  new designs.  See solutions.

& section 3.4 for more details.

10. Increase the Tier by 1: A methodological check to
Overall ensure that the value chain is considered systematically
Parameter and creation of the Service Blueprint for this Tier.
gap 1l

decrease 11. Next Gap-Located Capability?: If there is more than

one Gap-Located Capability, then this can be examined

HIGH similarly; this then becomes the largest Gap —Located
MEDIUM Capability to examine.

Low 12. Rate and Select Solutions: Each solution can then be

- estimated as to the extent that it should close the gaps

(as High, Medium or Low). If a solution cannot be

I - gene-rated ffjr that type of r-edesign- then “N/A" (Not

proposed  solutions can be Applicable) is stated. For options which make the gap

given. See 3.4 for more details. bigger, 2 “T*" symbol can be stipulated and for options
which do not change the gaps, a “0" can be given. The
solutions which close the gaps the most and which are
acceptable can then be selected.
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3.5 Techniquesused by the SIU Method

1. System Depiction: Service Blusprinting [simple or Extended] are used. However, the
emvironments in which the system is located will also be shown as will the parameters of
the system once Steps 2 and 3 have been completed. This type of environment-specific,
parameterized service blueprinting is referred to 35 Enhanced Service Blusprinting.

. Capability Parameterisation and Gap Anahysis:
The parameters and examples of units that could be uzed are inTable 3.4.1.

Parameter Types Examples of units that could be us=d
Range: this describes the lewel of an | This depends on what the capability is.
effect Examples are temperature and weight.
Span: this describes the length of time it | This could be expressed in minutes, howrs,
takes for an effect to be reached. days, weeks, months or years.
Time Cycle {TC): this describes the times | This could be expressed as a percentage of
an =ffect can be operational for use. time or the days of the weekor hours that
the =ffact can be available.
Pounds, pennies or fractions of a penmy ould
be us=d.

Taibbz 2.4.1: Paramsters in the SIU Method and =xam ples of units thet could be us=d

4| Cost: the monetary cost of an effect

The owveroll Copabifity: For the Desired Overall Capability Parameters, this data can be
collected from the owners, wsers and customers of the capability. Some examples of
how the data could be collected for the Actual Owverall Capability parameters are: from
zensors, inservice records and systems analysic. The difference betweesn the actual
owerall capability parameters and the desired overall capability parameters gives the
owerall capability parameter gaps. Se= Figure 3.4.1 for an example.
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Figure 2.4.1: An example of the parsmeters for an Owersll Cspsbility Tor Delfeering Padosges

Sub-copoebifities: Each sub-capability is parameterized similarly. Determining the zaps
within the system can be accomplished inone of two ways:
g By Expert Assessment:
=  Define the Desired Sub-Copobifity Porometer Volwes: For each sub-capability,
define the desired parameter values for each of the sub-capabilities in the
system. To do this, an expert in that process and sub-capability can state the
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parameters of how the sub-capability should have behaved in order for the
Z3ps not to be present in the overall capalbility.
= Determine the Spb-Copobility Porometer Gops: Determine which sub-
capabilities of the system contributed most to the issue by finding the
difference betwesn the actual sub-capability parameter values and the desired
sub-capability parameter values.
b} Gap Contribution to the Overall System:

G3uge the proportion to which a sub-capability’s parameter has contributed that

parameter gap in the overall capability.

Each type of parameter must have the same units or descriptor for its actwal and

desired parameter in the overall capability or in amy given sub-capability.

3, Operand-0Operant Diagrams

Service Blueprinting (simple and extended) facilitates decomposition az each sub-
capability [product or service) in amy blueprint can be blueprinted in its own right to
reveal its imernal operation. |n addition to this, amy sub-capability can be decomposed
into its operand resource, operant resource, the process that operand uses and the
environment: this allows for how an effect was created to be examined. For a Gap-
Located Capability, am Operand-Operant Dizgram can be created. The elements of the
diggram are shown in Figure 3.4.2:

Frona
‘E
fad SR LEYL P PESEE ) [a SR LENL PSR Y Codmn—a
Figure 2.4 F: &n Operant-Operand Deoom position: Dizgram

4, The Application of Design Options and Solution Assessment

The Proposals Matrix [Table 3.4.2) allows design options to be applied to the system =0
that new designs can be generated which close the gaps For each parameter zapin the
E3p-Located Capability, 3 column can be added to the Matrix stating the parameter. In
the example Proposals Matrix (Table 3.4.2) there are two parameters in the owerall
Capability. Option 3 [Changes Regarding the Offending Copability ) iz applied to the Gap-
Located Capability which contributed most to value loss and Options 1, 2 and 4 are
applied to the overall zystem. The design 1:-|:-1:r|:-rrs in 1:hE left-hand 1:.'1:-Iumn c-f 1:hE
Froposals Matrix are detailed in Table 3.4.2. & =5 : ;

the Proposals Matrixare listed in Table 3.4.3.

To appraise the solutions, “High”, “Medium® or “Low™ or, if the design option
appears not to apply, “N/AY can be stipulated. For options which make the zap bigger, a
“4* symbol can be stipulated and for options which do not change the zaps, 3 "0 can
be ziven. The solutions that close the gaps the most and which are acoceptable can then
be ringed or highlighted.
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A} DU TOMISE
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2| CHANGE LOCAL
ERVERDNMENT

E] CHAMGE WIDER
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Tabiz 2.4.7: The Propasals Mstrix

Design Options: Thess can be used to generate new designs by considering changes to
warious parts of the system (Figure 3.1.1).
3. Changes that can be considered to the overall system:
i. The environment [kocal and wider|
ii. &completely new conceptual system
ii. Changing the receiver to one whose needs are met by the system.
b. Changes that can be considered to the part of the system which contributed moet
1o value boss:

. Substitution
ii. Customisation
iii. Elirination
iv. Addition
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Types of Generic Change
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4 Field Test of the Method

4.1 A CookingProblem: The Generation of Excessive Heat

4.1.1 Introduction to the Case Study:

This fizld test shows how the SIU method oan be ussd 0 support mn existing produc-senios Spsbem: that is,
improve its efiscineness,

A ¥ community housing assodation ofiers & product-ssniios syshem (thess mre fabs for nent which
mre meintzined and periodieilly refurbished]. Semistructured intendews wene hebd with thres tements who
ench e m one badroom fist in & block of fiats which is prowided oy this housing secocation. The fiats mre
wery simibsr in sive and kyyout — each s &n oper-plan kitchemr-lounge.

Euploratory inbersews with the users (the tenmnts, ssch of whom had & s=rious medical conditian|
rerenied ane oous thet, whilst cooking and just afer, their bitchen-ounme would often become unbesrubly
hot mnd thet, ewen in the middle of winter, at l==st one window would heve o be opened. This wes =
partioubsrly serious issue for ane terant wha stated thet his ilin=ss mesnt thst he had bresthing probbems
mnd that when the kitcherdounme became that hot that there were times that he SRt dizry. AN of the
termnts compisined that they often ot hesdaches and thet they desmed the sometimes exo=sshre hest in
the kitcheriounmes ta be = majar contributing Swchor. Angther fooue that surfsosd was that they beliswed
their wtility bills to be fairly high and that the enengy used t0 000k contributed grestlhy to this.

The termnts fmwe said that thess unbesrsbie temperatures only heppen during mnd just mfoer
coaking — newer &t any other time. They aisa stated that this heppens in 2l sescons. In summer, the termnts
stated thet the Litcheriounges tend To D Quite WaNM SMpway, &nd 50 unDearable tEmpErstunes Juring
coaking and just afher mre neschsd sen mane quickly.

A partioulsr fist wes ussd for & field tect of the SIU
method — isee Figure 4.1.1). The dimensions of the
Eitchen-iounge mre:

L] Haight 2.4m (epprcomaidy 795 100 =)
L] Width- 3.9m (appeoomatcly 178 8% =)
L] Lamgte 2.8m lepmamaidy 19 1Hoe]

The termnt of this fiat 5" 17 n:!I.EJAEA:m|anA:|5\:|_.I'IEn
standing, the o=iling is only 17 9 3 {34 350m)| abowe
him.

The fist is situsted on the conner, Eround fioor of &
block of fi=tx. The bottom wall -:aga'lru't witinch The

cooier rests] in the Soor plan (Figure 4.1.3) i shaned
with an admosnt fint. The remeining thres sides sre

Figure 21,17 A Tioor plam of the fiskd test fixt sxpazed.

The isus ©o0 be irmnestipeted i thet of oooking &nd its
nematioe side =fect (making the kitchendounge mir unbssrably hot] that hes besn reparted. The neit
saction deteils how the SIU Method was applisd.
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4.1.2 The stakeholders who applied the 51U Method

The SIU Method wes firstly applied by the tenant faho s an English techer, & “nortechnolagist™ and wha
fad little prior knowlsdEe of PSE]. This fberation was perfonmed so that he oould determine possibhe chanmes
thet he could make to his cooting capability. The nedt iterstion of the SIU Method wes performed Oy &n
eipert ovil enginesr to determine possible chenges that the Housing assodetion could mebe to the
Emsironment jthe kitcher-ounze]:

The Tenants Applicstion  The Expert's Applicstion
The 51U Method (First o) | o)

mﬂ'_.“ Tier 0 Ther 1

| 1. Prosblars Defrillins |

¥
[ 2 P s 1 e Croara Caputnr |
L’
B Foal mo G Lol e Cadudiln-.
wthin (b Sypiem
'
|-1.-:mmrmimnﬂmm |

¥ —

S D Tk oeled ] dendl Ol bl O
I G ap- Located Capabdlay

]
I # Dheteimans th inscaboldens. |

| T {-J-npmol:!w-'mm |
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4.1.3 Problem Definition

Siobe: The sheps wene conduched by the benant with the help of the suthor. It was impartant ta:

1] Quantify the dssuss:

o The schusl temperabure &t which the tenmnts start ta find the stmasphene unbesrable, This will
e used later ms the Desined Oversll Capability Parameter.

o The extent to which cooking contribubed to the termnts” bills — 0 determine i this wes
sipnifiosnt.

Z] The System which gove risz to the lssums I wes neozssary o determine whether this “unbearable”
temperature and mbove i only remched during and just afher cooking — if “unbemrable” temperatunes
were remchad at gther times then this would sumrect that other Swchors contribube sipnifiountly ta the
high temperstures; that is, thet they mre not just to do with cooking mnd thess other Sschors would
require imcestization. I wes also important to determine whene in the kitcherdounge “unbesrabie
TEmparaTUras” ware rescned.

1 Estabiishing the threshold of “unb=arable temperatures: in the fieid test fat, all of the windows
=nd doors were cosed and, using & standard thermameter, the ambent tempearsbure was taben at
the temant's waist- bewel fthis i miso the tenmrts hesd hefzht wihen he sits ot the dining room tabbe,
wihilch he stated is often whers he sits] mnd around the itchen-oungs — emch conner mnd the ot
of the room regisbered Z3°C within 1°C. The ternent stated that he did not find this t=mperature
unoomiortahle. When the temnt started cooking, he was asked to state at wiet point he starbed to
find the temperture wholly unbe=rabbe. AT this point, thermometer neadings taken wene 25.3°C at
the termnt's waist-iewel. At that point, thermaometer resdings wene taien aTihe sume kel atvarne
ather paints in the kitchen-iounge and the resdings were the same within 0.5°C. The temperabuns of
the =ir =t the temant's hesd hefzit when standing fwhich i 1250m] was then siso taien in the same
way — this was Z7.5°C. Thus, the tempersture 2t which the =ir starts to become “unbezrable” is
ectahiichad ta be 255 at waict-bene] and at 37.5°C ot hend-eve] for that partioulsr tenmnt.

Z  Estsblishing the oost of coolking: To gauge this, = typial high snenmy-uss cooking SEscion was
studied along with & gzs bill provided oy the tenant — the tenmnt viewed this bill s being = Sy
typical s bill. This oDoking s=ssion wes The making of & noast chichen mesil using the termnt's Creds
Caipril s owen. A0 sppimnces that wse e ithe bailer and hesting | were turned off and & gas meter
remding wes taien. A chichen with potatoss and shuffing wens pisosd in the gwen ot Sax Mark § far
55 minutes — alf way throush this cooting time, two s rings wers turned an &t & middie hest far
30 minutes ta boil werstabbes, Then, the mas meter resding was tuien srsin. From this, the smount
of =nmnry units wesd up and the resuftent oot of the enenry ussd was auloulsted in the Sllowing
W

=] Ragding the waits: the units ane egpressed in metric units - the kst S digits fwith = red bonder| which
mire displayed oy the gas meber repressnt fractions of & unit. The resdings were:

& ITART J0ZIE4AT
& FIMEH 2025055
Thits difierance ey (0 712] & the msmaournt of units ussd during this cooking seccian

o] The metric units ane then comnerted ta EWh jthe pas cuppliers maike this comoersion $o that oo that
their ills @0 be ompaned to elecricdty bilks] in the following way fas pres=nted an & il dated 15
Fugmust 3009, oy British Gas, the temmnt's supplier):

mEhE L calenie wlome = et EEOL1EE
s iz comeciice o ke = K
2a3d

= - = 19. 5988 ]| = 1.02285 - J.8]1™

Table £.11: Coreersion of the metric units to KWh
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c] The oost of the units wsed for This cooking s=csion ans caboulsted as:
m. On the temant’s e bill, there sre two taris: the first 545 £Wh are priced ot £0.05245 and the
net 450174 units ane priosd &t 20027
0. The termnt’s bill showed that he hed ussd 209574 kWh. This would mesn that 55% of his bill
1545/1025.74%100] would b= =t the higher tariT and the remeining $1% would be at the kower
i
. Thess perosntaEes with the tarifis sbove were ussd ta cost the oooking sesciam
L #2% x z.542 lwd x BOUOEETS = £ QOE2ET
. 359 x 2,333 kwk x £0.05545 = £ Q0SEEE
The sum af these mae the totel oost of oooking = whale roast dinner as £0.13
The terunt’s bill showsd that he hed ussd 205574 ©WhH of gac ower an 22 day pariod over fram 197 May
009 to A5 Aumust 2005, Therefore 10957 28 = 12467 EWhidey — this is the awerame Dwh ussd snch
day. This wiould me=n that the cooking of & rosst mesl fwhich the tenmnt did infregquently — he wsuslly did
not cook thet much food ar for thet benzth of time] every dey would only represent 1905% (244847 4578
J200] of hits totad gas uss that dey.
The proo=es was repested gver conssartios days using other types of ooaking. Theoe wens:
=] Cooking food under the Erill for 45 mirbes: oot = £0.040
O] Just using Twa rings on the hob for 20 mirtes &t s medium hest: onst = £0.05p
€] Bmiing = mesl {ust using the oven and not the rings| for 50 mingbes &t Fas mark 52 ogst = £0.07p

3. Establishing if “unbssrsnls temperstures sre only resched
Ta do this, Extsch SD200 thres dhvannel temperabure data laggmers
(t=mpersture se=nsors, Figure £17] wene put in plso= in this
termnt's kitchen-iounge an the D0 Deosmber 3011, The s=rcars
were to be there for ower & wesk and 50 ed To be plaosd 2T
pasitions thet wene unobtnusise for the temmnt js=e Fizure £013)
Emnsor 10 weas ssoured badbwesn the itchen window snd the sink,
=t the tenant’s weist bewel when standing fthis is 115om from the
fioor] and this is also the tenant’s head heizht wihen sitting at the
dining tahle. This sencor was 190om away fram the oentre of the
cogier.

Sensor 2= at hesd-bevel by the coober (15%om fram the foar and
10%cm from the o=ntre of the cooker].

The s=nsars wene 5=t t0 neoord the bempersture at these points
=hEry minte in derress Centimrade. Alangside the temperabuns,
the dete time, mnd the rumber of the resding wers sioo
maromEticelly reconded.

Testing the Sensor units: before the termnt starbed cooking. it
wes ensunad that the windows wens kept cosed slong with the
titchen-iounge door mnd the frant door. To test i the sencars
wWere working, the resdings wene compared with thet of =
Figure 417 Extech SOE00 mnit comnentionsl thermaometer: the resdings wens in sErssment.
There was also & check to ensure that the temperature resdings
ftaien iy the winit oould be transerned to &n Exosl sprend sheet on & PO

EXTECH

JT-ifhaneel Irmpareiser Qal
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Figure 4.1 3 Lapout of the kitchen ares and the position of the s=rsors

Data CoNechion: dets wes collscted ower & 10 duy period fthe 3011-p01Z2 Christmes halidey period]. This
period was chosen s the ey resssncher was syaibstibe to conduct constent sthnoEraphic resssnch T snsuns
thet the s=nsar units wene aperating cornectly =nd o misd recond By SeEnts Soourming in the kitchemriounge
thet oould possinly influsnce tempenstures in the itcheriounge. The temperatures extennal to the fat were
misa moted. This was dane 50 thet the scope of the system oould be sctablished: that is. so that my Suctars,
intermal or sxtermel, could be meoerteined which mey:
=  Contritbe 0 ureoo=ptabbe bempertunes during cooking times and just afber.
#  Prevent bemperaburss baooming unecosptable during cooking and just after
#  Contribube to urmcosptable temperatures outside of cooking, seccions.
=, Juantibaotive dota ooMection: The sensor date wes aillraed ©0 constantly necord dete ower the 10 day
period.
i  Ethoogrophic doto colschion: The syerts noted ower & 10 dey period wens:
‘Windows being apened =nd dassd
The extractor S=n being tunned on and of
The Eitcheniounge door being opened and dosed
The frant doar being apensd snd dossd
Candiss being it
The neating Deing off and on &t warkous times and being set ot warkous beels,
Wizry paophe being in the kitchen-iounge, sometimes bringing hot food
The pattis ar tomcber being on
Externnsl tempensture Suchustions
Al Hotfood fin & hot container| being taien out of the awen
Th= data fram the sensars wierns then transiernsd to PC and then matched sEuinst the noted enents.

Bfises2pm,.

:.:E'-==
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LN Jwa Ti—a Wt el a2 e g pe S

2307 | 230120 | iesEAs | 2ous | osames o | 2.7 | osamer o
3508 | 237137001 | aoessaas | 2ou7 | osamem o | 3a.7 | oeamer

3309 | 25712700 | 1ocmpoas | 2ou? | osmmes o | 2007 | Dsmmes o

3310 | 28120 | 1o ONETEE O | 70.e | Demmer O
3411 | 3312700 | 1pemaAs J5INEE O | 20.3 | Da3mEr

2312 | 2371300 | 10-83As DegmER C | 30U7 | DegmER C
2313 | 23712730 | 104 osgrer © | 3.3 | osomEr o

1315 | 28120000 | oemmae O53MEE T | 37.E | Ox3MEr O

3518 | 2312700 | 1oemeaAn OS5I O | 4000 | Da3mEr O
3318 | 35713700 | IDeaT A OS5I C | 4008 | Da3mEl O

3317 | 257137001 | aoeaEas JNTWIZ O | SCE | JaEvII O

21313 | 28013700 | 1oemnae 25 | osEmEE O | 31,5 OxEMEr O

23270 | Fafaiamnn | 1040ws | 797 | Damees o | 37.5 | Damees o
Tabda 3.2.2: Sempde of dote fom a0 samcn tamadaeed i e PO

Tree dta from the sensars and the notes wene then ansiysad in Eoosl

The whaole procsdure of oolkscting dats from s=nsors was then nepested in Ausust 2I1Z for 3 days: howeer,
thils Time the events that were noted were solely when the coober was bunnad on and off.

Findings:

# Temperstunes gwer 7547 ot waist-hee]l do, indesd, only ewer ooour when the benmnt is cooking or just
afteraands. This sumpests thet outside and ewen internel bempersbure fuchustions do not heve any
snifiount impact an high kitchen-dounme temperatures: that i, there is no connelstion betwesn sy of
ithee enents recorded |Desides the onober Deing tunned onj and the urmoo=ptabke Temperatunes.

Mot every inddenoe of cookting producss unbssrabbe temperatures: it doss not ooour when when ans
ring an the hab i turned on et & low heat for &y kength of time and it Joss Not Q0our if Twd rings are an
mt = high hest for beos then 11 minres,
Cruring, ooOEing, extremely high bemperstures can, indesd, be reached. The medimum temperatures that
mewe Desn remched jeven with the extractor San on, windows apen and the living roam doar open in
Daommiber 301%) mre:

o AT weist ewel 34.47C

8 AT e beyal: 45 5°C
The l=ngth of time that bemperstures ower Z3.4%C &t weist bevel 2ne resched oan be for mane then 1.5
hours — enen with windows aind doars opsn and the ewtrachar S0 an.
The schusl range of difienenos Detwesn the hesdevel temperstuns and waist-ievel tempersture 15
miraroes bafone the cooker i tunned on jand =t st 2 hours afber mny cooking has taken plaos] hes been
found to be never mane then 1.2°C
There was no conrelation betwesn coobed food in = hot conteiner adding to the temperature of the =ir.
Afthoush the tempersbune of & continer when it was removed from the oven can be 115°C a5 recorded
with @ temperature s=nsar| &5 5000 &5 the coober was turned off, the hesdiene] and weist-bee] mir
started to drop in tempersture. This i the sume siustion &s when pans of f30d wers odaking an the
stowe. For this nexson, the efect of hot food and its contminer on the air t=mpersbune sppesrs to be
minimal. Therefore, the oooked faod in its continer i regardsd as being an insgndiont Sschar in
EASInE eqcmsie heat fat hesd-level and at waist-hewel). Also, there wene many times gver the
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Christmas pariod wihen people brought hot food o the terent’s fist mnd this not conrelsts with waist-
leye] Or hemdHews] temperatunes reaching an unbearsbie bl

ConChsions:

1] The mctus] tem persturs st which the tenent starts to find the stmosphers unbesrabis
Tris s astanlisned To e T I ot weaHoed el ol 27800 ot Beeddoed Yoo o petocdle mmamt

Z] The extent to which cookiing contributed to the tenants bills.
Cooking appeared to contribute less than 15.5% of the owersdl s bl the reminder of the Fas bill is
deduced to b= dus to the temants other pac sppifnoss which are the boiler jused for hot water mnd
o=ntral hesting ). Howener, for other bensnts who mey heye shescbric opokers, This situation may be quite
different — their cooking may contribute sponficantly o their bills. Meverthebecs, thic purtioulr tarmnt i
eqpected to spend less than (9013030 days| £3.90 per month on CDORing - the tenmnt stated that he
thought this was rood walue and that ven i, for sxampie, s bills ross by 10% that he would anly hewe
to pay bess than mn etra £0.35 per month wihich would not be = conosrn ta him. Howeser, this did then
aring into question how much he was spending an hesting and hot water. Ta condude, it mppsars that
E=s opokers mre fairky effioent in hesting food; this is to be supected =5 a5 co0bers provide & reded
fame — little of the snenry has to be transdenred from ane medium to another which is the ouee with
ehectric cookers. For these ne=sons, the oost of ODOKINE WS NOT &N issues waorthy of further imvestization
fin thits Hakd et

3] ‘Whether this “unbsarabie" tempersture and abowve i only =eer resthed and sunpessed during and just
after cooking — if “unbssrabls" temperatures sere resched st gther times then this would sugpect
that gther factors contribrbe significsnthy to the high tem perstures; that i, thet they are not just to da
The tenmnt’s sscertion that unsoospetsble weist-evel (over 254°C] and hesddewel jover 27.5°C)
temperatures mre produosd wihich anly ooour during oooking times and just after has boen confirmed.
£l50, the benzth of time these unnEoieptabls temperatunss ane producsd Gn e up to 1.5 hours jdesgite
mry other ewternal and intermel svents). Thensfore, the system that producsd these unmoceptabls
temperatunes appesned to be solely that of cooking.
Mot every indGdenoe of using the oober raioes the waist-hevel temperature sbore 2540 sometimes the
hab s an only briefly =ndor 2t = kow bevel aind the waist-iewel aind hesd-ievel tempenstures da not nesch
This “unbemranie” byl

The ceiling is low and c=n bscome sqos=sshnely hot during oooking This is =n issus beczuse the

termnt’'s gt @n mesn that, when standing and walking around the lounge-kitchen, thene ane times
wihen he s bresthing in i which is very hot — & meimum of £55°C hes been neconded at the hesd-eel.

4] The system to be imeestigated: is that of the tempersture of the Eitchen-iounge whilst the cooker i an

Just after.

Ism itrtiore of the Froble=m Definiton:

The fizld tect has only focusoed on one termnt: the “unbearsbie” temperatunes anly rekate to this partiouksr
tenmnt and the field test hes only foousssd an his fiat. §f the issue i to be considensd further to, for svample,
redesimn new fizts or refurbish existing Sats other then thet in the Seid test, it i recommendsd thet other
fiats mine imvestipated and other tenmnts’ hesting prefenenoss aso=rtained.
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A primery Sendos Blueprint showing the sidesfsct of the qurrent cooking opability to sdverssly inoeacs
roam tempErature was crested (Figure 4.1.5] - the prrameter walues are added later.

Haw-p -aEz-ae @ OO VAL CARNBUTY
Cockry casefihiyys & H-E-;:cu
ante et S e
TiC= mhaaryy
SN OV CARAENITY CARRALL CAPARELITY
LR o T ] PR NETRA G P
R 34 531 &0 R 7. &AL T
Sprwrr 30 i Sprerr 30 miresem
Tl sinaryn TiC= Mo
Kitche n-lownge
Sl Homi-
L Lo
 —
Coor Sacker Tag S Caksr Tap G
R i7. 552 70 g I7. 551 TS
[ E. - [ [ S B
T shaara T s
Coaalosr Dids Gaps Coakcsr Hcs Garm
P I7. 55000 P 7. 55070
S Ll haus Spar 150 hous
TE= abwaryu T mbacryu
1 I
L4 W
L arat Wt ke

Hawing sl wis e s v T
Cozhrg coza®iliTa uds Y
e Sprar
Til= wacarye
ST DVIRAL EAFMILITY OARRALL CAPARILITY
LR o T ] PR NETRH G R
Rangpa: 243358 37C Rangac TS 5-BL3C
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T sy TiC= Kans

Eigmre 4.1 5 Service Blueprint of the coolding cupsbility = its
side-=thact of hesting the sir [during cooking =nd after)
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4.1.4 Find the Overall Capability Parameter Gaps

Hers, the Desired mnd Oversll Capabilfty's parameber waluss wene defined. From the differenos of theos
waikues, FaOs in the Ovensll Capability ane recionsd.

Ewmct dats was requinsd remarding the sytent of the heat relssosd during snd after coaking. Ta
mocomplish this with minimum incomseniznos to the tenant, Sour instances of cooking (romsting. Erill an,
rinEs an, roasting mnd rings On) wers
reconded  and,  for  esch  instanom.  the
window, front door and lnving room doar
woere pept cossd and, the sctracior fun wes
on for the durstion of cooking. One typicd
instance of oooking i depicted hene, This i
the romsting of meat and vemstabbes that
took plwce on 20 September, IOLZ. Ta
detenmine the exac temperatures thet ane
renched during this cooking =pisode jand
afteramands], the following method wes used:

+
pangEor 1

Plzcement of Sensors (Figure £.18)

1. At the hemd-beye] -:!I.E_’n-:rn fram the fioor
mnd 133om from the top of the oDober
which hms m hejght of 0%m| ower the
o=ribne of cooker,

Z. At waist- bevel [1150m from the fioor and
30cm #ram the o=ntre of the cooker which
has & width of £5om|

Z. Touching the ooober at the hob bebwssn
twa rines

4. Touching the side of the oooker, 10 om
from The top of The oooker and 2430m
fram the sids

For the ocourse of the sgperiment, the
windows were Dept oosed, the kitchen
lounge door was kept cosed mnd the front
door WS not op=ned. This was T0 minimiss
the impgact of mny =wents upon temperatures

Figars 415 position sarrars OUringE CoOLinE. It WES SDDanENT ThEt, Snen

i A aﬂe:Em:t'lrg_,rEth: wir n:rrruplana:l quit= hat for
same time. Ta determine how hot the cooker remained even afber cooking,. sensars were plwosd an it to
R This.

The readings wene checied half an hour before cooking started for constant temperature resdings
[fuchustions of lexs than & degnes] — thess wens recarded. This was the ambient temperature befone cooing
commenosd.

Cooloing & rozst dinner:  This superiment was onducted 2t thres different times on three difisrent
dater — mnch swperiment producesd The sume necufts within @ ane degres difsrence: the owen was turned an
at S Mark 5 and the exbrachar f=n was bunnesd on after 5 mirutes. The food in & rossting dish was plaoed in
the gwen. Aftgrether, the gven was beft on for 55 minutes (#rom 2:40043am ta 0SCES%4am). The faod was
then taien out of the owen and the temperabure of the rossting tin was tien. The faod wes piated and the
romsting tin plsosd in the sink mnd fillsd with water. The sxtrachor fsn was turned off. The dates fram the

L]
'
[
Fd
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sereors and the times that the cooker was on and off 25 well 25 the time that the nosting tin wes taken out

of the oven alang, with the tempensture of the rossting pan wene then transéenned to the PC for aneilpsis:

Findings:

1. Acbusl Waist-level Temperature: the schusl range of the weist-level =ir during cooking was [rangs] 24.2-
28 3°%C. The rumber of mingtes that the waist-ievel temperature ws ower 25,450 was ioubsted as the
spun af the schual oversll waist-hemperature which was (span] Shrs 18 minutes. When the ooen mnd
rings mne On =t this mas merk and for this kength of time, This range of temperstuns aways D00urs — this
therefore phnes this achusl waist-evel temperature time-cpde &s being [T0) avwagys.

Desired Waist-Lewe) Adr: It has been sstabiished thet the desined temperatune that the tenmnt would lioe
the waist- lewel =ir 0 be i le=ss then 25.5°C jrange]| and for this to alweys be the cee |Gmeopde] .
Furthermare, &ven thoush tempersture Suchustions may ooour, the tenant desines the waich-ieve]
temperature to instantly |Span] nevert back to being bess than F35 Y0 Mot that the idesl temperatuns
for the tenmnt has not been established — anly the meximum temperature that the tenmnt on bear.
Hchusl Hesddevel Temperature: The schus] ranms of the hesd-enel sir during cooking i [rongs) 24 5~
21 8% The number of minutes that the hesdieye] temperaturne i ower 27.5°C is culoulated 25 the span
of the actusl aversll head-temperature which was [snan] 20 minutes. When the oven is on ot this Gas
Mark mnd for this kength of time, this range of bemperature akweys 000urs — this therefons Froes this
mchusl head-evel tempenatune Himeopce as [TC) ahways.

Desired Hend-{=wel Air: It e besn scubiichad that the desinsd temperatuns that the benmnt would lios
the hemd- bewel =ir to be i b=ss than 27.5°C jrangs| and for this to akvays be the case |timeopoe] .
Furthermare, &ven though tempersture Suchustions may ooour, the temant desires the waist-ievel
t=mperature to irctuntly | span] rewert beck o beinge bees than 275°C .

‘Condusions:
A5 005t s ot been desmed an ksus, this is not depicted 25 & parameter.

*  Oyerall Waist-fevel temperature gaps: the range thet is scuslly sbove the meximum desined

t=mperature of Z5A°C pives the onerall waist—iene] temperature Faps ms 25528 390 The length of
time that this lasted for wes £:12 hours — this is the span gap: that is, the efisct lasted £:15 hours
mare then desined.
Overall HesdHessl tempearsture gaps: the range thet i@ schully sbowe the meximum dssirsd
temperature of Z7.5°C ghoss the gwersll hesd—ievel temperature Faps 25 276318°C. The lenzth of
time that this kxsted for wes 30 minutes — this i the span gap: thet is, the =fsct lxsted 20 mimbes
mare then desired.
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4.1.5 Find the Gap-Located Capability{s) Within the System

¥ First lberation
Hers, snch of the Desined mnd Achus] sub-oupshility’s parsmeter yalses werse defined. From differenos of
ithese yaiues, maps ane lomited in the sub-opebilites.

B soon s the ooober wes burnsd of, the hesd-laye] sind waist-level sir start to coal. This would indicats
thet the cooiber Deing turned on {& neked fame] i the major contributing Suctor in ower-hesting waist and
nemd beosl mir, As thers i e disting conrelation betwesn the temperabures that the side and tag of the
coober remch and the hesddene] and waist-ione]l air temperatures (Figure 4.1.7] — this would indieate that
during oooking =nd just after, the temperstune of the ookber contributes to the temperabune of the weist-
bl mir mind hemd-ievel =i

I, during the owen being on, the cooker (its top and side] could be kept to & tempenstune that ks nesner
ta the temperature it i before cooking commenoss Ehnen & keewey of, S5y, N0 mare than 2°C mane than the
megimum desined waist bevel temperatune], then this ooukd substantiadly reduce the hesd-bevel and waist-
bzl mir bacoming sa hat.

‘Cooker an
Taw—atme Duaamd Cmzatality Valvw St Cazaidity Valca Capatality Valoe daz
Mamgu LIT AT 4 AR TC T AAE T
S nstant 1105 haurs 1103 howurs
™ S Ry mhAES

Tabi= 41 3: Cooler's side temperatures |when the owen s on)

Cooioer off |just after oooiting)

Tam—air Dwaod Cazazality Valew Sl Cnpazality Vales Cmpazality Valea Guz
s 1 LTS et ITEAETT
S instant nstant 1702 hours

™ mlEEs mlwEps mhEgS
Tabie 41 4 Cooler's top temperstures |when the onen is on)

Taw—aime Duaawd Cmzaality Valow Aol Cazaality Valca Capazality Valoe daz
Mamgu LET AT L TALTC 27542 T
o instant 1105 hours 145 hours

™ ElWEFS mlwEps mhEgS

Tabie 4.1 5 Cooker's top |when the oeen is aff]

Tam—aint Duxwe Cmzazty Vel Aol Cazalsilety Waloa Cazazility Walua daz
b 1] LIT AR 4Tt i L2
Somm nstant instant 130 hours

L ahaiys alhwys zhaiziys
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Tabie 416 Cookoer's side |when the oven is aff)




Temp atue [T

200

Figure 4.1.7: Cooker, Hesd Lewel and Waist Leve] Temperatures

D=t=rmine the Gap-Located Capability|s):
These are the afiending apabilities. Thet is, they ane the sub-apebilities that contribube to the aps in the
Cramradl Capahility:

1. The cooker being on jand just afber| - the waist-ewel and headewel air anly ewer nesch
unbearable temperatures wihen the cooker is on jand just after it hes besn an).

Z. The local smoronment - eyen afer the coober hes ooobed, the wamst-leysl sir remsins st
unbezrable temperstune for about 25 hours afterwands. it s the local emvinanment — the
lounge-titchen (rather than the wider eminonment] that is responsible for this as, if the thene
was na [uilding struchure in jplace to contein the =ir; the hot =ir would immedistely disperss.
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4.1.6 Corroborate the System Definition

At the time of the study the housing assooation ooubd not relsese the Manpawer to sxamine the fndings.
Hiowener, thess findings wene shown o twa experts in heating and wentilation systems who heee dealt with
similar isouss: they syrmechsd that it could be the boiler that is the souroe of hest and, thet hot air risine
during cooking could hemve oDobsr =i to trigmer the boiber. A5 the bailer hed hed o sensors plaosd on it, this
fad o be bected for. The cooking of & rosst chicosn meal was repsated in Saptember 2012 mnd the baiber
was turned off. The sume temperastunss &t waist snd head bevwel wene neschad which mesnt that boiler
mctiiity Was not m factar in this system.

The findings wers siso pressnted to an expert in Ol enzinsering for his opinian. He sqamined the
findings mnd conduded thet these high hemddevel bemperatunss, by =ir cuments miing the =i, oould
conftribute hewdily to the hest of the waict-bens] sir mnd the kength of time that the mir remeins hot. A the
termnt's osiling i low, this is expected to happen whensyer, fr exampbe, the bensnt moves round the room.
He mico oumrectsd that it could be the dimensions, construction sndfor ventilation sysbem of the kitchen-
lounme which could be conteining the sir and allowing the hot sir to sooumulste: such an assessment ooukd
me=n that the kool erdironment could heve = sipnificunt impect upon the =ir temperature.

The findings wene also compansd 1o recommendsd indoor bemperatunes:

* Direchgow is the UK powernments digital s=naice for peopke in England and Wabss znd it provices & singls
paint of moomes to public sactor imformation and s=ndoss - B recommends thet ikdng rooms should be
memated to mround 15-21°C (S4-TONF).
inttos e dinect o ik 'en/Home & ndCommunity finYourbiomes Kesninetads A tome (D5 10027755 ]
TUC [Trodes Uinion Congress) i = nations] trade unian oentre, thet i, & dederation of trade unions in the
United EKingdom which represents the mejority of trede  unions.  Their  website
intto e tucane ik workplsos e JI 530 ofm|  shates that “The TUC has mled v @ marimum
temperatung of 20°C (2750 o those doing shrenuous work] =0 that ampioyers and wankars know whan
action must be takon M should be stressod that this is intonded as an abeoiute marimum rathar than an
indiogtion that rogular indoor waork at just bolow 30°%C woud o amaphable. Employars should shil
attemgot to reducs tempanatunes (fHhey et above 24°C and workars e ancontirtaiie”

Fram this, it dosc sppear that the temperatures which mne nesched during mnd just afher cooking oun be far

miboe thase which ane desmed to be comfortable temperatures.

4.1.7 Operand-Operant Depiction of the Gap-Located Capability
¥ First erstion
Dwcompose the l=nmest map kocated cupability into its aperand aind aperant resounces. The envinonment [the
loml mnd wider emdronment| is an emeeloping cypebility thet on, simultaneousty, both accommaodete =nd
restrain many disparate capahilities that teibe pluos within it — it oun heve & nersties or posithne impect an
meiTy cpebilities. A5 the hot mir is conteined oy the lomil emrdiranment fthe Eitchemriounge] the problem-
spmom can be divided inta twa capebilities:
1] The ocooker being on fand just afber] which i the Fapiomted capsbility. The stakeholder wha
aurranfthy contrals this ks the benant.
Z] The snvironment of the fiat — this hes an imped on whens heat collects (Hor evampls, mone towsnds
the omiling] mnd how heat is dispelied (for swampie, through the extractor fan). This is under the
contral of the housing mosocation (specficdly, the muintermnos stadf mnd the srchited mnd il
enginesr].
Emch of thess oupsbilities an be dscompased into its constituent parts off operant resounce fthe resouros
thet is worioed upon to produce an outcome]. the apsrand nesournce (the resounos wihich does the wark | 2ind
the proosss [y which the aperand resourcs Changes the operant resource (Figure 4.1.2].
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THE CURRENT CAPABILITY HOLDER: The Customer: the tenant

T Aljiqede;

Figure 4.1.2: The Operand-Dperant Dizgram of the Cookesr Capability

4.1.8 Determine the Stakeholders and Their General Roles

*  First heration
Termnts: Same of the temants fthose who were interdiewsd for this fizld test] hewe serious medicl
conditions. Their nesds are for comfortable housing which is comeenient (that is, dose to amenities they
nequine]. At the moment, it is the tenant whao is nesponsible for the cookber that they place into the fiat. As for
the fiat, it is the housing assodation which is nespansible, uitimately, for the rinonment that is, the desizn,
maintenanos and refurbishment of the fiats themsshnes.

4.1.9 Compare the Capability to Other Similar Capabilities

* First heration
To help penerste solutions, COMparisons sonoss dats s=ts Gan be made (if such dats is aveilable] for other
similar capabilities wihere the maps do not sppesr. ARbermetinsly, qualitatise comparisans can be made. In this
c2se, only one kitchen-iounge in this block of fiats was stodied in detail; no dats hed been ooliected on any
gther similsr Eitchemiounge wens thess mans 00 Not ppear. Howener, it is onown that miorowsayes smit bess
wery litthe hest 2 companed B0 oDoLers and S0 this could be ane possitibe solrtion.

4.1.10 Propose Solutions

*  First leration
Apply = Propossis Matri to the gap-docated pability (Tabke £17] - each slement in the decompaosition
dizgram joperant nesounoss, operand nespunoss aind the process that the operant nesounoe uses to change
the operand resgunoe] is considened in turn for nedesiDn. The spplicstion should be done with the heip of
other staiehalders andfor eqpearts in that cypability and proosss. For this cse study, afthoush the housing
=scociation wWas not auailable, two kitchen appitanos sules stone manEEers fam twd itchen spedalist retail
companies wene consufted. They wers shown the Propossls katrne and wene asied for adios 25 to what
titchan mppinoss oould mddness esch desirn aption. Exch type of solution penerated i than estimated s to
the sxtent thet it should cios= the gaps (High, Medium, Llow). i = solution @nnot be pensrated for &
particular type of redesizn then “NW/A” (Mot Applicsbie] can be stated. For options which maie the ap
izmer, & * symbol can be stpulsted and fr options which do not change the gaps, & “07 can be Zheen.
The solutions ane then aooepted Or rejeched by the stateholder in question — the aoepted solutionls] are
then higzhifzhted in red.
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Tabie 2.1 7: The Proposals Matbrix appiisd to the cooiosr capability

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 313



4.1.11 Mext Tier?

Althgugh the tenant @n change the cooker, besides opening the windaws and doors, there is little
they can do to change the emdironment which dictates the way hot gir collects wathin the kitchan-
lounge. This capability belongzs to the housing association who supplied the flat and those whao
waork for it. This is to be =xplored to gauge how changes could be made to the kivchen-lounige room

4.1.12 Increasethe Tierby 1

The Tier now becomes equal ta 1: The Housing Association

4.1.13  Operand-Operant Depiction of a Gap-Located Capability

# S=cond herstion

THE CURRENT CAPABILITY HOLDER: The Customer: the tsnant
. 1= VI IR T T ki tar-losge oo
ol
=
o
=3
=}
= zwwed Tarzurm Trewet L1 5| s
THE CURREMNT CAPABILITY HOLDER:
- The Provider: the housing gssocigtion
% BN IO WIEN T T char-los-ge roo=
o
=3
_.E"
ra )
Czawed Tazzo=e Oparmed Maxcurce

Figure 415 The Operand-Operant Dizgram of the kitchendoungs Capability to netsin hot air

4,114 Determine the Stakeholders and Their General Roles
* Second herstion

The Community Howsing fesociation

Qne remit of the housing =ssocation is to prowide people who ane serioushy il with accommodstion wihich is
well pi=oed fouch a5 nesr to & doctors sungery, phenmecy, hospital and shops] =nd for this accommodstion
0 be affordsble 25 well 25 comifortable for the tenant. The building of fiats and housss are aften perfanmed
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2l
(=)

by property dewslopers who, instructed by the housing assodation, then meie use of architect, il
eninsers and builders. This infarmation was Fathened by the ey resssrcher for this Seid bect being imited
to mnd sttending = housing assodetion’s resident’s mesting ot which two housing assodstion
nepnesentatines wene present.

In order to ensure that the eqsting spartmeants mest the nesds of the current tenmnts and to infonm the
desizn of new mpartments, the housing sssodetion Eathers information from their tenents through suresys
and iy holding nesident assocation mestings. Both forums allow the tenants to state oy problems =nd
Maie SUTEestions.

The housing ascocation meintsins and periodically refurbishes the socommodstion it offers: for this it
=mplays meintenne stdf and snperts such & Ol engineers 2 well 2 Duikders who spsote the desins.
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The Howsing Scsocistion

Defcrmins e poca Lot waleonalic Variar & r=toalk
of waleoellc popke poopic witc eood #n)
i B locality wWee coommedaios —
e e

Figure 4.1.10: The stakeholders of this case study

4.1.15 Compare the Capabilityto Other Similar Capabilities

*  Second heration
It Wi [onown That if the kitchen is separate from the lounge, then kitchen temperatures should have Tt

impact on ounge temparabures.

4116 ProposeSolutions
The chainges neganding the Eitcheniounge apability (s== | wene crested with the help of & ol enginesr and
minchitect.

* Second heration
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Tabiz 4.1.2: The Proposails Matrm spphed to the krbchen loungs
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4.1.17  Next Tier?

Nz further Tiers are required to be examined.

4.1.18 BRate and Select Solutions

1. The Cooker Capsbility: The tenant in the fizld test fi=t commented thet, afthough he hed noticed thet
his Eitchen-ounge bscomes hot, he hed not reslised awactly how hot it cun bacome until the
imneshration wes perfarmed and he was quits alsrmed by the negatiee efisct it may heve an his heaith.

This termnt in the Heid test wes interested in the coober hood solution. It should be noted thet afthouzh
the tenant cun instibube this chanme, the housing assodation could also consider adding such salutions to
their fizts =5 this oould improwe their offering =5 this would =ugment the P35 thet they offer to
wuln=rahle people. The tenant wes particularty intenssted in the cooker hood sokution if the housing
mssoction would purchese, install mnd maintein it

This fiald test findings =nd the Proposals Matrin wes pressnbed o the other twa tenants who wers
argginally intendewed: thess tenants expressed their apprecdation of this study. They hed not neslised
eqacty how hot their kitcham-lounges cun bacome or the lenzth of time that such heat can linger. Each
af them expressed & belief that this contribubes to their il-hesith and = peneral fealing of melzise. They
also expressed appredation for the range of solutions that they Gan now oonsider. MNeveartheiees, =il of
the possibie solutions fram this Matri were rejeched by these two tenents — twa of the tenants thought
that = cooker hood would taie up ©00 much space =nd be ©o0 noksy for & small snes.

Z. The Kitchenlounge Capability: From this Propoassls Matrie, =01 three termnts Ssvounsd the soketion of
the housing sssodation substibutine their cunnent ewtractor fun with ane that is mane powerful this
could e Suirly emsily and quickly accomplished by the housing sssodetion’s maintennos s,

The solutions would heve to be sslached or nejected by the housing assodetion: it oould well be the css
thet the housing assodetion would hewe mone pressing conoenns 1o address. Newerthebess, this study
could help to inform the frtune desizns of new builkds. The housing assocation (specficily, the
maintenanos staff, the architect and divil enginser] will need to astertain if instituting amy changes will
impact upan amy other cupabilities or the sesthetic sppes] of the fats

f
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5 Conclusions ofthe Field Test

The solutions produocsd in this particular fizld test help to improve an existing product-senios spstem (fats
fior rent] that ane offered by = housing assodation: it does this by improving the uss walus that the tenant
fthe oustomer| would experience. This could be important for the housing 2ssodation &5 one nemit they
hewe s ©0 provide suitable nental sccommodation for people wha ane or who hewe had seriows illnssses: if
tthis i not achiewed then it could be the oo that tenants may move asndfor that the housing aesadation’s
funding body could withihokd funding. In this fizld bect no differing business models wene derfned.

The opinion of the sxpert cvil enginesr, anchitect and the experts in heating and wentilstion sypsbems is that
this method produces nesufts which, if the housing assodstion desmed this iscue to be & priornity, are
detailed &nourh to infarm them as to the kosus mnd possibhe inftial solutions. From this, more nefined decirn
mnd irestipation could then taie place and the capability of supplers to provice solutions could be
maprened,

o
15

P -

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data|319



Further Information & References

For further Information, contact: References

Fomans Husssin, [1] Buines, T. 5., Lightfoot, M. W. Ewvans, 5., Nesly, A,
romane fussinymeiloom Gresnourh, 5, Peogecd, |, B0y, B, Shehes, £, Sremancs,
i A, mnd Thamrl, &. (2007=] “State-obthe-srt in product-

ﬂi%ﬁmmt srver spmems, Proceedings of tne sl of

+44 0] 1234 TeavO3 Mectmnizl Enginsers, Fart 3 Journsl of Enginssring

Zchoal of Enginesring Marmrfscturs, wol. ZZ1. no. 10, pp. 1342-1552.

Crantheld Unhrersity Husessin, R, Locoett, H., Annamalsi Vassnthe, & V., "4
Framewark to inform PSS Concmpiusl Desgmn by Lising
Systemen-Uss Dats”, Computers in Industry, Spacsl
looue: Product Sandioe System Enginssring: Fram Theary
%0 Industrisl &pplications, 53 (2042], pp. 345327
Tukker, &. mnd Tischner, U, (2005] “New Business for
Oid Eurape”, Sresnleaf Publishing (U]
Husessin, R, Locoett, H., Annamalsi Vassnthe, & V., "4
Framewark to inform PSS Concmpiusl Desgmn by Lising
SysteminUss Daet=”, Computers in Industry, Spacl
lesue: Product Serdee System Engineering: Fram Theory
%o Industrisl Applications, 55 |2012], pp. 313327

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data|320



9.7 Appendix G
Job Shop Interview Questions (See Chapter 7)

Case Study Assessment for the Application of the SIU Method to Laser
Systems Assess its Merits and Demerits

Semi-Structured Questions for:
e Laser job shops using industrial, capital-intensive, technical and infomated PSS with

e Managing directors with at least five years’ experience in their role

Research aim:

The aim of this research is the development of a method which uses system-in-use data from
an existing PSS or product to generate initial PSS conceptual designs to address issues
customers have when using that PSS or product to meet their objectives.

Research stage & current insight: (Focus for exploration)

A system-in-use method has been developed; this stage requires the application of this
method to a case study to assess its merits and demerits.

Case description: (company type, respondent)

e Company Name:

Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company uses laser cutting machines (capital-intensive, technical and industrial PSS). The
respondent at the company also has knowledge of servitization and PSS. The company is
interested in methods to develop PSS as well as any possible, general improvements in its
processes and those of its customers.
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Interview Questions

1. Organization

1. How bigis the company?

2. How many products or PSS do you sell on average per year?

3. Do you offer any types of PSS or are you the recipient of any types of PSS?
4. How is the company spread (the locations).

2. How Product-In-Use Data is used to Influence PSS Conceptual Design
Field Data and PSS Conceptual Design:

1. How do you think a PSS should meet a customer’s needs?

[If there is a pause or no answer, then ask:]
How do you think a PSS should differ to a product in terms of satisfying
customer’s needs?

2. Do you utilise product-in-use or PSS-in-use data to inform PSS Conceptual
Design?

If so:
a) Where do you collect data from to influence PSS Conceptual Design?

b) What type of data is collected?
c) How is the data collected?
d) Could you describe typical data sets?
e) What does the data indicate?
I. Why is it important for the data to indicate this?
II. How is the data processed to indicate this?
f) Is this augmented with feedback directly from customers and/or users?
g) What tools, techniques or methods are used?

h) How does the data inform PSS Conceptual Design?
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i) Specifically, have maintenance, maintainability or [if you have
availability contracts] availability contracts been influenced by such
data?

i) Who (or which department) is responsible for analysing the data?
k) Could | see a sample data set or documents that that relate to this?

If not:
[) Where do you think data should be collected from to influence PSS

Conceptual Design?
m) What type of data should be collected?
n) How should the data be collected?
o) What should the data indicate?
I. Why should the data indicate this?
II. How could the data be processed to indicate this?
p) What tools, techniques or methods could be used?
gq) How could the data inform PSS Conceptual Design?

[If there is a pause, no answer or “don’t know” then ask:]
I. For example, could the data be mapped to different

PSS Designs?

[If the answer is yes, then ask:]
II. How could this be accomplished?

3. Potential Case Study Assessment:

1. What issues have been reported to you regarding the laser cutting service that
you provide? For example has there been a customer(s) who has stated that
when using your offering in a process to meet a business objective, a problem
has surfaced. Or, has an issue been reported to you by a member of your staff?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?
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2. Have you had any issues with the laser machine and/or the maintenance that
was provided? How do you think this could be improved?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)
Observation of the job shop processes.

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

One or more case studies will be selected from the findings from the interviews within this
sample. The System-In-Use Method (which has been outlined to you) will then be applied to
the selected case study to assess its relative merits and demerits. If a case study is undertaken
with this company, the case study(s) which (if it is a case study you have suggested) will be
presented as a report to you and any feedback that you give will be used to refine that report
and could be used to change the System-In-Use Method; the case study will then be presented
at the AILU (Associated Industrial Laser Users) Annual General Meeting to check its validity.
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9.8 Appendix H
Laser Technology Company Questions (See Chapter 7)

Case Study Assessment for the Application of the SIU Method to Laser
Systems to Assess its Merits and Demerits

Semi-Structured Questions for:
e companies producing industrial, capital-intensive, technical and infomated laser PSS
with
e senior managers with at least five years’ experience in their role

Research aim:

The aim of this research is the development of a method which uses system-in-use data from
an existing PSS or product to generate initial PSS conceptual designs to address issues
customers have when using that PSS or product to meet their objectives.

Research stage & current insight: (Focus for exploration)

A system-in-use method has been developed; this stage requires the application of this
method to a case study assess its merits and demerits.

Case description: (company type, respondent)

e Company Name:

Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company produces capital-intensive, technical and industrial PSS. The respondent at the
company also has extensive knowledge of servitization and PSS. The company is interested in
methods to develop PSS as well as any possible, general improvements in its processes and
those of its customers.
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Interview Questions

1. Organization
1. How bigis the company?

2. How many products, maintenance contracts or PSS do you sell on average per
year?

3. Do you offer any types of PSS or are you the recipient of any types of PSS?
How is the company spread (the locations).

2. How Product-In-Use Data is used to Influence PSS Conceptual Design
Field Data and PSS Conceptual Design:

1. How do you think a PSS should meet a customer’s needs?

[If there is a pause or no answer, then ask:]
How do you think a PSS should differ to a product in terms of satisfying
customer’s needs?
2. Do you utilise product-in-use or PSS-in-use data to inform PSS Conceptual

Design?

If so:

a) Where do you collect data from to influence PSS Conceptual Design?

b) What type of data is collected?

c) How is the data collected?

d) Could you describe typical data sets?

e) What does the data indicate?

I. Why is it important for the data to indicate this?
II. How is the data processed to indicate this?

f) Is this augmented with feedback directly from customers and/or users?

g) What tools, techniques or methods are used?

h) How does the data inform PSS Conceptual Design?

i) Specifically, have maintenance, maintainability or [if you have
availability contracts] availability contracts been influenced by such
data?

i) Who (or which department) is responsible for analysing the data?

k) Could | see a sample data set or documents that that relate to this?

If not:

[) Where do you think data should be collected from to influence PSS
Conceptual Design?

m) What type of data should be collected?

n) How should the data be collected?
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o) What should the data indicate?
I. Why should the data indicate this?
II. How could the data be processed to indicate this?
p) What tools, techniques or methods could be used?
g) How could the data inform PSS Conceptual Design?
[If there is a pause, no answer or “don’t know” then ask:]
For example, could the data be mapped to different PSS
Designs?
[If the answer is yes, then ask:]
How could this be accomplished?

3. Potential Case Study Assessment:

1. What issues have been reported to you regarding the technology and services
that you provide? For example has there been a customer(s) who has stated
that when using your offering in a process to meet a business objective, a
problem has surfaced. Or, has an issue been reported to you by a member of
your staff?

[If the answer is yes, then ask:]
Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

2. Have you had any issues with any technology or services that are provided to

you? How do you think this could be improved?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)
Observation of their products.
Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

One or more case studies will be selected from the findings from the interviews within this
sample. The System-In-Use Method (which has been outlined to you) will then be applied to
the selected case study to assess its relative merits and demerits. If a case study is undertaken
with this company, the case study(s) which (if it is a case study you have suggested) will be
presented as a report to you and any feedback that you give will be used to refine that report
and could be used to change the System-In-Use Method; the case study will then be presented
at the AILU (Associated Industrial Laser Users) Annual General Meeting to check its validity.
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9.9 Appendix I
Method Evaluation Questions (See Chapter 7)

SIU Method Evaluation

Research aim:

The aim of this research is the development of a method to inform PSS Conceptual Design
based on gaps within a customer’s value creating system.

Research stage & current insight: (Focus for exploration)

The method has been developed (based on findings from the literature, interviews with senior
managers in industry and case studies). The current focus for exploration is the evaluation of
the first version of this method (which was developed by the researcher) to assess its merits
and demerits.

Case description: (company type, validator)

e Company: PSS provider. Specifically
e Validator:

Case justification: why this company? How does this company match the research aim? Why
this validator?

The company provides industrial, technical and infomated PSS.

Questions to be covered in the | Responses
interview:

1.1. | Is the structure of the method
comprehensive?

1.2. | Would you suggest any changes
to any part of the method?

1.3. | What are the advantages and
disadvantages of the method?

1.4. | Does the method produce the
expected outcome?

1.5. | Any suggestions for further
improvement?

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

Any suggestions will be considered to refine the method. The revised method will then be
presented to you.
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9.10 Appendix]
Method Evaluation Questions (See Chapter 7)

Case Study Assessment for the Application of the SIU Method to Validate
the Method

Semi-Structured Questions for:
e companies producing industrial, capital-intensive, technical and infomated PSS with

e senior managers with at least five years’ experience in their role

Research aim:

The aim of this research is the development of a method which uses system-in-use data from
an existing PSS or product to generate initial PSS conceptual designs to address issues
customers have when using that PSS or product to meet their objectives.

Research stage & current insight: (Focus for exploration)

A system-in-use method has been developed; this stage requires the application of this
method to a case study assess its merits and demerits.

Case description: (company type, respondent)

Company Name:
Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company produces capital-intensive, technical and industrial PSS. The respondents at the
company also have an extensive knowledge of servitization and PSS. The company is interested
in methods to develop PSS as well as any possible, general improvements in its processes and
those of its customers.

1. Organization
1. How bigis the company?

2. How many products, maintenance contracts or PSS do you sell on average per
year?
3. Do you offer any types of PSS or are you the recipient of any types of PSS?

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 329




Chapter 8: Discussion and Conclusions

4. How is the company spread (the locations).

2. How Product-In-Use Data is used to Influence PSS Conceptual Design

Field Data and PSS Conceptual Design:

1. How do you think a PSS should meet a customer’s needs?

[If there is a pause or no answer, then ask:]

How do you think a PSS should differ to a product in terms of satisfying
customer’s needs?

2. Do you utilise product-in-use or PSS-in-use data to inform PSS Conceptual

Design?

If so:
a)

b)
c)
d)

e)

f)

g)

h)

j)
k)

If not:

Where do you collect data from to influence PSS Conceptual Design?
What type of data is collected?
How is the data collected?
Could you describe typical data sets?
What does the data indicate?
I. Why is it important for the data to indicate this?
II. How is the data processed to indicate this?
Is this augmented with feedback directly from customers and/or users?
What tools, techniques or methods are used?
How does the data inform PSS Conceptual Design?

Specifically, have maintenance, maintainability or [if you have
availability contracts] availability contracts been influenced by such
data?

Who (or which department) is responsible for analysing the data?

Could | see a sample data set or documents that that relate to this?
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[) Where do you think data should be collected from to influence PSS
Conceptual Design?

m) What type of data should be collected?
n) How should the data be collected?
o) What should the data indicate?
I. Why should the data indicate this?
II. How could the data be processed to indicate this?
p) What tools, techniques or methods could be used?
g) How could the data inform PSS Conceptual Design?

[If there is a pause, no answer or “don’t know” then ask:]
For example, could the data be mapped to different PSS
Designs?

[If the answer is yes, then ask:]
How could this be accomplished?
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3. Potential Case Study Assessment:

1. What issues have been reported to you regarding the technology and services
that you provide? For example has there been a customer(s) who has stated
that when using your offering in a process to meet a business objective, a
problem has surfaced. Or, has an issue been reported to you by a member of
your staff?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

2. Have you had any issues with any technology or services that are provided to
you? How do you think this could be improved?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)
Observation of products at the company.
Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

One or more case studies for validation of the SIU Method will be selected from the findings
from the interviews within this sample. You may then be asked to apply the System-In-Use
Method (which has been outlined to you) to this case study to assess its relative merits and
demerits. The results of the application will be written up by the researcher and will be
presented as a report to you and you will be asked for feedback. This feedback will then be
used to amend the report which will then again be forwarded to you. You will then be
interviewed with regards to how you view the merits and demerits of the SIU Method.
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9.11 AppendixK

Aero Engine Case Study - SIU Method Validation (See Chapter 7)
]

Aero Engine Case Study Validation
SIU Method (qualitative, recursive application throughout a value chain)
validation questionnaire (11 Jan 2013)

Research aim:

The aim of this research is the development of a method to generate possible solutions
(prototype Conceptual PSS designs) based on gaps within a customer’s value creating system.
This method should be able to be used qualitatively, quantitatively and form a basis for
product as well as service specification.

Research stage & current insight: (Focus for exploration)

The method has been developed (based on findings from the literature, interviews with senior
managers in industry, observation and case studies). The current focus for exploration is the
validation of a version of this method, which was developed by the researcher. This version is
gualitative and shows how the method can be applied throughout a value chain.

Case description: (company type, validator)

e Company: PSS provider — a manufacturer of aero engine components, aero engines and
product-related services

e Validator: Senior Company Specialist in Product Development, employed at this company
for 8 years. The previous 10 years of his employment were as an engineering specialist at
an aero engine and aero engine component manufacturer.

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company is an industrial, capital intensive, technical and infomated PSS provider. The
validator at the company is also a leading senior academic in servitization and industrial PSS.
The company is interested in methods which develop PSS.

The aim of this application of the method is to demonstrate how it can be used by Supply
Chain Management to:
e Comprehend the customer’s value creating system along with the contribution of

suppliers.

e Determine how suppliers can generate competitively compelling value propositions and
capability improvements, not only for their customers but also for customers of
customers, as well as backward to the firm’s suppliers and their suppliers.

e Learn more quickly and then act on this learning to continuously have a knowledge
advantage and hence competitive advantage.

e Develop a global communication system that allows for diverse cultures operating around
the world to work as an effective team
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Open its innovation process to all members of the service ecosystem yet protect important

property rights.

Questions to be covered in the | Responses
interview:
1.6. | Is the structure of the method | “The method appears to be comprehensive.”

comprehensive?

1.7.

Would you suggest any
changes to any part of the
method?

“l had insisted that the method should not be applied
by just by one company to the value chain — the
stakeholders in the value chain should also be involved.
Thankfully, | now see that this has been made explicit
in the instructions for the method. | understand that a
focal company can firstly apply the method to the value
chain in order to show the other stakeholders how the
method works and the sorts of possible solutions/ideas
that could be generated and then, once the support
and commitment of the other stakeholders have been
won, a more exacting application of the method by all
of the stakeholders can follow. | am satisfied with this.”

1.8.

What are the advantages and
disadvantages of the method?

“The method fills a gap in the current practice in
industry. The method helps the problem space and
solution space to be unfolded in a very systematic way.
It also obliges the applier of the method to consider
aspects of the issue which may usually be overlooked —
this can foster innovation. It also helps suppliers
understand how they contribute to the end customer’s
processes. A disadvantage could be that to realize to
the method’s full potential, a
simultaneous/coordinated  application would be
required in several organisations; this is a major
challenge and a possible disadvantage of the approach.
Nevertheless, | consider the method to be applicable
“stand alone” (even if it is only applied by one
stakeholder, it would still allow them to see
possibilities for change throughout the supply chain
which could inform decision-making) as well as in a
collaborative context through the supply chain.”

1.9.

What skills (which personnel)
and resources are required to
use the method?

“It is expected that each of the stakeholders in the
value chain would be able to apply the method fairly
easily after it had been demonstrated to them — no

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 334




Chapter 8: Discussion and Conclusions

special skills are required. Nevertheless, a walk through
and training in the method would be required by
personnel before they apply it, to guide them in the
the method the
dependencies/concepts.”

logic of and to introduce

1.10.

What is the scope of the
method?

“It appears that it can be used to generate various
types of solutions from issues with how a product is
being used — these solutions can be PSS solutions or
more conventional solutions. Some solutions relate to
changes in service or business processes and some
relate to product or material changes.”

1.11,

Does the method produce the
expected outcome?

“Yes, the outcome of applying the method to this
particular case study is that it improves SCM and
PSS Designs to
increase value in use. Without this method, it is highly

generates prototype Conceptual
unlikely that all of the possible solutions to tackle such

an issue could have been generated so

comprehensively. Furthermore, | would expect that the
method should also apply to novel situations. However,
this is a deployment/adoption issue rather than a
research issue at present.”

1.12| Can the method improve | “Yes”
processes?
1.13. What did the method add? “A systematised way of exploring a wide range of

possible options to address an issue.”

1.14.

Any suggestions for further
improvement?

this the method was

retrospectively to an issue that has already been

“In case study, applied
resolved. However, the method should also be applied
to a novel issue to ascertain how the method can
influence how that issue is addressed to test the limits

of the method more thoroughly.”

1.15.

Could any other method have
been used to generate the
same or better results?

“l am not aware of any method that could generate the
same results.”

1.16.

Would you the SIU

Method again?

use

“l am intending to use it again sometime in the near
future.”

Techniques Used by the SIU Method
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1.17,

System Depiction —is Service
Blueprinting adequate or
would you use another
technique?

“Service Blueprinting is widely accepted for PSS Design.
It appears to be adequate.

1.18.

Is the representation of a
capability (a system — see
Figure 2) complete? Would
you add, remove or change
anything?

“It appears to be complete.”

1.19.

Are the Design Options (see
Figure 2) complete? Would
you add, remove or change
anything?

“They appear to be complete.”

1.20.

Operand-Operant Diagrams
(Figure 2) —are these adequate
to show how an effect is
created or would you use
another technique?

“It appears to be a useful and simple technique and
fitting for this method.

1.21.

Are the Parameters (see Table
2) complete? Would you add,
remove or change anything?

“The parameters appear to be complete.”

1.22.

Would you change anything as
to how the Gap Analysis is
performed?

“The Gap Analysis in the Method appears to produce
reasonable results. | would not change anything.

1.23.

Would you change anything as
to how the Proposals Matrix is
constructed or applied?

The Proposals Matrix is easy to use and apply the
design options. | would not change anything.”

The Workbook

1.24.

Have the SIU Method and its
techniques
fully?

been presented

“More detail on the techniques is required.

1.25.

Does the workbook follow the
general format of a user

manual?

“On each page, a side bar showing the method steps
which are being followed would make the Workbook
clearer.”

1.26.

Does the case study illustrate
the SIU Method well?

The case study is very detailed — a simpler case study is
required and perhaps a synopsis of other case studies
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should be included.”

1.27| Does the Workbook have an | “This seems to be fine.”
adequate overview of PSS?
1.28. Does the Workbook have an | This seems to be fine.”
adequate overview PSS
Conceptual Design
1.29. Is the SIU Method background | “More background to the logic of the SIU Method is
and steps clearly explained in | required.”
a user-friendly way?
1.30| How could the Workbook be | “A video tutorial showing the steps would be helpful. A
further improved? Workshop with the target users to assess the
Workbook and generate ideas for its improvement
should be held.”
Revisions to the Validation Case Study Notes
1.31.| Are there any revisions you | “No, | am satisfied with the final version”

would now like to make with
regards to how the case study
was written up by the
researcher?

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

A report will be created, describing the findings from the interview and necessary
amendments will be made to the method.
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9.12 Appendix L
HVAC Case Study — SIU Method Validation (See Chapter 7)

Heating Case Study Validation
SIU Method (quantitative, recursive application) validations

Research aim:

The aim of this research is the development of a method to generate possible solutions
(prototype Conceptual PSS designs) based on gaps within a customer’s value creating system.
This method should be able to be used qualitatively, quantitatively and form a basis for
product as well as service specification.

Research stage & current insight: (Focus for exploration)

The method has been developed (based on findings from the literature, interviews with senior
managers in industry, observation and case studies). The current focus for exploration is the
validation of a version of this method, which was developed by the researcher. This version is
guantitative and shows how the method can be applied to two tiers in a value chain.

Case description: (company type, validator)

e Company: None
e Validator: A freelance English teacher —a non-technologist with little knowledge of PSS

Case justification: why this company? How does this company match the research aim? Why
this validator?

See Below:

The aim of this validation of the method is to assess how it can be applied by different
stakeholders at different Tiers (Tier O is the tenant and Tier 1 is the civil engineer) and then to
assess the merits and demerits of the SIU Method as compared to how professional,
experienced consultants in that domain (HVAC Consultants) would have addressed the issue:

1) The first iteration of the SIU Method (in this case study) is applied by a non-technologist

(Tier O - the tenant) who has little knowledge of PSS and engineering — this is to test the
general usability of the Workbook and the SIU Method.

2) The second iteration of the SIU Method (in this case study) is applied by an expert civil
engineer (Tier 1) who has little knowledge of PSS— this is to test the usability of the
Workbook and the SIU Method for someone who is an engineer but not very familiar with
PSS. This is also conducted to assess how the SIU Method can inform building design.

3) The results of the application are then presented to HVAC consultants to assess the merits
and demerits of the SIU Method as compared to how they would have addressed the
issue.

The System-in-Use Method - a method to generate conceptual PSS Designs from system-in-use data | 338




Chapter 8: Discussion and Conclusions

A report will be created, describing the findings from the validations. The report will be
circulated to the validators and, from the feedback, any necessary amendments will be made
to the report.

a) Results of the Validation with the Tenant

Questions Responses
1.32| Is the structure of the method | “It produced useful results to address my cooking
comprehensive? problem.”
1.33.| Would you suggest any changes to | “No.”
any part of the method?
1.34| What are the advantages and | “It allows just about anyone to apply it to a problem they
disadvantages of the method? have when they are trying to accomplish something.”
1.35.| What skills (which personnel) and | “I don’t really have that many skills in technical things so
resources are required to use the | I don’tthink any in particular are needed.”
method?
1.36.| What is the scope of the method? “I think it can be used for any problem.”
1.37.| Does the method produce the | “It produced more solutions than I expected.”
expected outcome?
1.38.| Can the method improve processes? | “Yes — it gave me a range of options to choose from to
sort out my cooking issue. It also made me feel confident
that all possible avenues had been explored.”
1.39.| What did the method add? “I wouldn’t have been able to explore this cooking issue
so thoroughly without this method and I simply wouldn’t
have thought of some of the solutions without it.”
1.40.| Any  suggestions  for  further | “I think the Method could be explained in a simpler
improvement? way.”
1.41,| Could any other method have been | “I don’t know. I don’t know of any.”
used to generate the same or better
results?
1.42.] Would you use the SIU Method “Yes — I’ve applied it to an issue I had with students in a
again? class | was teaching. Some were not doing well, so |
considered changing the environment (could they hear me
properly or were they being distracted by something
happening at the back of the class), changing the receiver
(perhaps those students should be in another class), the
whole system of teaching (rather than following a teacher
giving a lesson, perhaps they should be following a
tutorial book or multimedia that they can mostly work
through at their own pace). Also, perhaps the student
could be customised or added to (extra lessons could be
given). It allowed me to a full set of possibilities to
address the issue.”
1.43, System Depiction — is Service “I think I understood it although there was a learning
Blueprinting adequate or would you | curve for me. | suppose the technique is fine.”
use another technique?
1.44. Is the representation of a capability “It makes sense to me.”

(a system — see Figure 2) complete?
Would you add, remove or change
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anything?
1.45, Are the Design Options (see Figure “I can’t think of anything that should be added or
2) complete? Would you add, changed.”
remove or change anything?
1.46.| Operand-Operant Diagrams (Figure “I like these diagrams — for my teaching issue | applied
2) —are these adequate to show how | the method to the diagram was:”
an effect is created or would you use Process
another technique? (Teaching)
Teacher Student
(Operant) (Operand)
1.47.| Are the Parameters (see Table 2) “The parameters seem to work.”
complete? Would you add, remove
or change anything?
1.48.| Would you change anything as to “The Gap Analysis makes sense.”
how the Gap Analysis is performed?
1.49.| Would you change anything as to “I can’t think of anything.”
how the Proposals Matrix is
constructed or applied?
1.50.| Have the SIU Method and its “The second version of the Workbook is easier to follow
techniques been presented fully? but I think it could be made a bit clearer.”
1.51.| Does the workbook follow the “It needs to look a bit more like a user manual and have
general format of a user manual? more guidance on the steps.”
1.52.| Does the case study illustrate the SIU | “I think the case study is fine but there should be a
Method well? simpler case study as an introduction to the method. My
teaching issue could be used.”
1.53.| Does the Workbook have an “I understood it.”
adequate overview of PSS?
1.54., Does the Workbook have an “I’m not so sure about this part.”
adequate overview PSS Conceptual
Design
1.55, Is the SIU Method background and “More guidance on the steps is required.”
steps clearly explained in a user-
friendly way?
1.56. How could the Workbook be further | “As an introduction, a very simple case study showing

improved?

how to apply the method would be useful.”
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b) Results of the Validation the Expert Civil Engineer

Questions

Responses

1.57.

Is the structure of the method
comprehensive?

“There appear to be no aspects that have been omitted.”

1.58. | Would you suggest any changes to | “I have no changes to recommend at this point.”

any part of the method?

1.59. | What are the advantages and | “It’s a problem-solving method and I would imagine it

disadvantages of the method? would be very useful to solve complex situations. It is
useful in that it can produce short-term solutions as well
as long-term solutions.”

1.60. | What skills (which personnel) and | “I think anyone with any basic engineering skills could

resources are required to use the | use the method.”
method?

1.61. | What is the scope of the method? “The scope could be wide. I would expect it to apply to
any task.”

1.62. | Does the method produce the | “It produces a whole set of solutions that can be used to

expected outcome? deal with a problem.”

1.63. | Can the method improve processes? | “Yes”

1.64. | What did the method add? “A deep understanding of all of the factors that make up
a system and how to adjust parts of the system to make
it function better.”

1.65. | Any suggestions  for  further | “Not yet — | would need to apply it to a more complex

improvement? problem.”

1.66. | Could any other method have been “We use a computer package called Taproot for

used to generate the same or better accident investigations. The program guides the user to

results? do the investigation, finds root causes of the incident
and then comes up with suggested corrective actions.
The output is a report laid out in a formal format and
with a corrective action register with target dates and
responsible persons and parties. However, this is based
on past performance and adherence to industry
standards rather than innovation. | think the SIU method
would work well with Taproot and could be part of a
management system development/ improvement
aspect.”

1.67. | Would you use the SIU Method “Yes, I will use it again for general housing design to

again? identify and resolve issues clients have had with
previous buildings. I will also eventually introduce the
method into the course curriculum for Architects and
Civil Engineers as part of the continuous courses run by
the university”

1.68. | System Depiction — is Service This seems to be fine.

Blueprinting adequate or would you
use another technique?
1.69. | Is the representation of a capability “I think this is a comprehensive representation.”

(a system — see Figure 2) complete?
Would you add, remove or change
anything?
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1.70.

Are the Design Options (see Figure
2) complete? Would you add,
remove or change anything?

“I have not yet thought of anything else.”

1.71.

Operand-Operant Diagrams (Figure
2) —are these adequate to show how
an effect is created or would you use
another technique?

“This is fine.”

1.72.

Are the Parameters (see Table 2)
complete? Would you add, remove
or change anything?

“I have nothing to add to this yet.”

1.73.

Would you change anything as to
how the Gap Analysis is performed?

“The Gap Analysis is fine.”

1.74.

Would you change anything as to
how the Proposals Matrix is
constructed or applied?

“NO 2

1.75.

Have the SIU Method and its
techniques been presented fully?

“Seems to be”.

1.76.

Does the workbook follow the
general format of a user manual?

“This could be improved.”

1.77.

Does the case study illustrate the
SIU Method well?

“YGS”.

1.78.

Does the Workbook have an
adequate overview of PSS?

“I think so.”

1.79.

Does the Workbook have an
adequate overview PSS Conceptual
Design

“I think so.”

1.80.

Is the SIU Method background and
steps clearly explained in a user-
friendly way?

“More explanation is required.”

1.81.

How could the Workbook be further
improved?

“A pull-out section showing the method steps and the
techniques would be useful. | think the SIU Method
could be made into an industry-specific computer
system to be used with a system such as Taproot.”
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c) Results of the Validation the HVAC Consultants

Questions Responses
1.82.| Is the structure of the method | “Very. We tend to work intuitively so we don’t often
comprehensive? think about the actual steps that we use.”
1.83.| Would you suggest any changes | “No — it seems to follow all of the steps that we follow.”
to any part of the method?
1.84.| What are the advantages and | “We don’t see any disadvantages. The advantage is that
disadvantages of the method? the method is all laid out in black and white so it could
help us not to forget any of the steps - which we
sometimes do. It highlights the usefulness of
understanding the needs of the client’s customer. Also, the
idea of looking at different Tiers is not something that we
really knew how to do. We’d been in buildings and seen
faults with the design and layout that had caused HVAC
problems. The method now gives us a way of laying this
out; we’re now thinking about using this to act as
consultants to property developers and housing
associations.”
1.85.| What skills (which personnel) and | “I think that you would need to have some sort of
resources are required to use the | technical background.”
method?
1.86.| What is the scope of the method? | “It seems to be that it can be used for any technical
problem. It certainly applies to HVAC issues but, from
this case study application, it also applies to building
design.”
1.87.| Does the method produce the | “Yes, absolutely — we cannot think of any other solutions”
expected outcome?
1.88.| Can the method improve | “Of course.”
processes?
1.89.| What did the method add? “A fully detailed way of identifying the causes of a
problem and a very detailed way to spawn solutions.”
1.90.| Any suggestions for further | “None.”
improvement?
1.91.| Could any other method have “We use the same method - but ours isn’t written down.”
been used to generate the same or
better results?
1.92.| Would you use the SIU Method “Yes — | had to pass work onto other HVAC consultants
again? so | used it then to explain to them what the problem was
and what I’d done. We also use it as a sort of check-list to
make sure that we’ve covered all of the ‘bases’ because,
sometimes, we’d get into the van and then realise that
we’d forgotten to look at something.”
1.93.| System Depiction — is Service “This is a better way to depict what’s going on in a system
Blueprinting adequate or would as opposed to the floor maps we use.”
you use another technique?
1.94.| Is the representation of a “Yes — this is how we think of a system. We’d just never
capability (a system — see Figure | drawn it.”
2) complete? Would you add,
remove or change anything?
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1.95.| Are the Design Options (see “These are exactly all of the possibilities that we run
Figure 2) complete? Would you through; in fact, we hadn’t realised that this is what we do
add, remove or change anything? | until you had pointed it out to us — we just did it

naturally.”

1.96.| Operand-Operant Diagrams “We hadn’t thought about this before — it is useful to see
(Figure 2) —are these adequate to | all of the elements that produce an effect. We’d never
show how an effect is created or done this before — we never really knew how to. We
would you use another technique? | always relied on our experience but it can be so easy to

overlook something. ”
1.97.| Are the Parameters (see Table 2) | “These are the parameters that we use —we just call them
complete? Would you add, different names.”
remove or change anything?
1.98.| Would you change anything as to | “ This is exactly what we do. What really happened is not
how the Gap Analysis is always what has been reported. Also, we need to know
performed? exactly what happened in order to design a solution. This
helps us to assess the extent to which different solutions
could reduce the problem. Nothing needs to be changed. ”’
1.99.| Would you change anything asto | “I like the Proposals Matrix — it makes sure that you’ve

how the Proposals Matrix is considered every single possible type of change to the

constructed or applied? system. It leaves nothing to chance. What we normally do
is brain storm. That could be an issue because with brain-
storming you can forget to consider all possibilities.
Before now, I’d never seen a Proposal’s Matrix. It
represents a very clear way to generate a comprehensive
set of solutions which you can then show clients for them
to choose from.”

1.100 Have the SIU Method and its “We think so but other people may think differently. It
techniques been presented fully? probably needs to use more simplified language and more

background on the derivation of the method is required.
More clarification on Service Blueprinting and how to use
it is required.

1.101 Does the workbook follow the “Maybe a bit more detail is needed for people new to this
general format of a user manual? | method.”

1.102 Does the case study illustrate the | “Yes — this is exactly how we would have approached the
SIU Method well? excessive heat issue.”

1.103 Does the Workbook have an “Perhaps a bit more detail is needed.”
adequate overview of PSS?

1.104 Does the Workbook have an “A bit more detail on how the Method is derived would be
adequate overview PSS good. More explanation is required of how the method
Conceptual Design relates to servitization. ”

1.105 Is the SIU Method background “Seems to be.”
and steps clearly explained in a
user-friendly way?

1.106 How could the Workbook be “Multimedia showing a video of someone applying the
further improved? method against the steps in the method.”
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9.13 AppendixM

Interview Questions for the customer of the Truck PSS Provider (See Chapter 7)

Case Study Assessment for the Application of the SIU Method to Validate
the Method

Semi-Structured Questions for:
e A company using industrial, capital-intensive, technical and infomated PSS with

e A senior manager with at least five years’ experience in their role

Research aim:

The aim of this research is the development of a method which uses system-in-use data from
an existing PSS or product to generate initial PSS conceptual designs to address issues
customers have when using that PSS or product to meet their objectives.

Research stage & current insight: (Focus for exploration)

A system-in-use method has been developed; this stage requires the application of this
method to a case study assess its merits and demerits.

Case description: (company type, respondent)

Company Name:
Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company uses capital-intensive, technical and industrial PSS. The company is interested in
any possible, general improvements in its processes and those of its customers.
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1. Organization
1. How big is the company?
2. Please describe the contract that you have with the truck OEM.
3. Could you outline the company’s main business processes?

2. How Product-In-Use Data is used to Influence PSS Conceptual Design

Field Data and PSS Conceptual Design:
How do you think a PSS should meet a customer’s needs?
[If there is a pause or no answer, then ask:]
How do you think a PSS should differ to a product in terms of satisfying
customer’s needs?

2. Potential Case Study Assessment:

1. What issues have been reported to you regarding the services that you provide? For
example has there been a customer(s) who has stated that when using your offering in
a process to meet a business objective, a problem has surfaced. Or, has an issue been
reported to you by a member of your staff?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be anonymised)? Could |

use this for a case study to apply the aforementioned method to?

2. Have you had any issues with any technology or services that are provided to you? How do

you think this could be improved?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be anonymised)? Could |

use this for a case study to apply the aforementioned method to?

Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

One or more case studies for validation of the SIU Method will be selected from the findings
from the interviews within this sample. You may then be asked to apply the System-In-Use
Method (which has been outlined to you) to this case study to assess its relative merits and
demerits. The results of the application will be written up by the researcher and will be
presented as a report to you and you will be asked for feedback. This feedback will then be
used to amend the report which will then again be forwarded to you. You will then be
interviewed with regards to how you view the merits and demerits of the SIU Method.
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9.14 Appendix N
Interview Questions for the Truck PSS Provider (See Chapter 7)

Case Study Assessment for the Application of the SIU Method to Validate
the Method

Semi-Structured Questions for:
e companies producing industrial, capital-intensive, technical and infomated PSS with

e senior managers with at least five years’ experience in their role

Research aim:

The aim of this research is the development of a method which uses system-in-use data from
an existing PSS or product to generate initial PSS conceptual designs to address issues
customers have when using that PSS or product to meet their objectives.

Research stage & current insight: (Focus for exploration)

A system-in-use method has been developed; this stage requires the application of this
method to a case study assess its merits and demerits.

Case description: (company type, respondent)

Company Name:
Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company produces capital-intensive, technical and industrial PSS. The respondents at the
company also have an extensive knowledge of servitization and PSS. The company is interested
in methods to develop PSS as well as any possible, general improvements in its processes and
those of its customers.
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2. How Product-In-Use Data is used to Influence PSS Conceptual Design

Field Data and PSS Conceptual Design:

1. How do you think a PSS should meet a customer’s needs?

[If there is a pause or no answer, then ask:]

How do you think a PSS should differ to a product in terms of
satisfying customer’s needs?

2. Do you utilise product-in-use or PSS-in-use data to inform PSS Conceptual

Design?
If so:

a) Where do you collect data from to influence PSS Conceptual Design?

b) What type of data is collected?

c) How is the data collected?

d) Could you describe typical data sets?

e) What does the data indicate?

I. Why is it important for the data to indicate this?
II. How is the data processed to indicate this?

f) Is this augmented with feedback directly from customers and/or users?

g) What tools, techniques or methods are used?

h) How does the data inform PSS Conceptual Design?

i) Specifically, have maintenance, maintainability or [if you have
availability contracts] availability contracts been influenced by such
data?

i) Who (or which department) is responsible for analysing the data?

k) Could | see a sample data set or documents that that relate to this?

If not:

1)

Where do you think data should be collected from to influence PSS
Conceptual Design?
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m) What type of data should be collected?
n) How should the data be collected?
o) What should the data indicate?
I. Why should the data indicate this?
II. How could the data be processed to indicate this?
p) What tools, techniques or methods could be used?
gq) How could the data inform PSS Conceptual Design?

[If there is a pause, no answer or “don’t know” then ask:]
For example, could the data be mapped to different PSS
Designs?

[If the answer is yes, then ask:]
How could this be accomplished?
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3. Potential Case Study Assessment:

1. What issues have been reported to you regarding the technology and services
that you provide? For example has there been a customer(s) who has stated
that when using your offering in a process to meet a business objective, a
problem has surfaced. Or, has an issue been reported to you by a member of
your staff?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

2. Have you had any issues with any technology or services that are provided to
you? How do you think this could be improved?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

One or more case studies for validation of the SIU Method will be selected from the findings
from the interviews within this sample. You may then be asked to apply the System-In-Use
Method (which has been outlined to you) to this case study to assess its relative merits and
demerits. The results of the application will be written up by the researcher and will be
presented as a report to you and you will be asked for feedback. This feedback will then be
used to amend the report which will then again be forwarded to you. You will then be
interviewed with regards to how you view the merits and demerits of the SIU Method.
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9.15 Appendix O
Interview Questions for the Technology Supplier (See Chapter 7)
]

Case Study Assessment for the Application of the SIU Method to Validate
the Method

Semi-Structured Questions for:
e A Company supplying technology to a provider of industrial, capital-intensive,

technical and infomated PSS with

e A senior manager with at least five years’ experience in their role

Research aim:

The aim of this research is the development of a method which uses system-in-use data from
an existing PSS or product to generate initial PSS conceptual designs to address issues
customers have when using that PSS or product to meet their objectives.

Research stage & current insight: (Focus for exploration)

A system-in-use method has been developed; this stage requires the application of this
method to a case study assess its merits and demerits.

Case description: (company type, respondent)

Company Name:
Respondent Name:
Contact Details:
Job Title:

Job Role Details:
Years of Experience in that Job and in that Role:

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company supplies technology to a provider of industrial, capital-intensive, technical and
infomated PSS. The respondent at the company also has an extensive knowledge of
servitization and PSS. The company is interested in methods to develop and support PSS as
well as any possible, general improvements in its processes and those of its customers.

1. Organization
1. How big is the company?
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2. What types of PSS do you offer or support?

3. Areyou the recipient of any types of PSS?

2. How Product-In-Use Data is used to Influence PSS Conceptual Design

Field Data and PSS Conceptual Design:

3. How do you think a PSS should meet a customer’s needs?

[If there is a pause or no answer, then ask:]

How do you think a PSS should differ to a product in terms of
satisfying customer’s needs?

4. Do you utilise product-in-use or PSS-in-use data to inform PSS Conceptual

Design?
If so:

a) Where do you collect data from to influence PSS Conceptual Design?

b) What type of data is collected?

c) How is the data collected?

d) Could you describe typical data sets?

e) What does the data indicate?

I. Why is it important for the data to indicate this?
II. How is the data processed to indicate this?

f) Is this augmented with feedback directly from customers and/or users?

g) What tools, techniques or methods are used?

h) How does the data inform PSS Conceptual Design?

i) Specifically, have maintenance, maintainability or [if you have
availability contracts] availability contracts been influenced by such
data?

i) Who (or which department) is responsible for analysing the data?

k) Could I see a sample data set or documents that that relate to this?
If not:
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[) Where do you think data should be collected from to influence PSS
Conceptual Design?

m) What type of data should be collected?
n) How should the data be collected?
o) What should the data indicate?
I. Why should the data indicate this?
II. How could the data be processed to indicate this?
p) What tools, techniques or methods could be used?
g) How could the data inform PSS Conceptual Design?

[If there is a pause, no answer or “don’t know” then ask:]
For example, could the data be mapped to different PSS
Designs?

[If the answer is yes, then ask:]
How could this be accomplished?
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3. Potential Case Study Assessment:

1. What issues have been reported to you regarding the technology and services
that you provide? For example has there been a customer(s) who has stated
that when using your offering in a process to meet a business objective, a
problem has surfaced. Or, has an issue been reported to you by a member of
your staff?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

2. Have you had any issues with any technology or services that are provided to
you? How do you think this could be improved?

[If the answer is yes, then ask:]

Could the data from that case be made available (the data can be
anonymised)? Could | use this for a case study to apply the aforementioned
method to?

Summarize and list of actions

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

One or more case studies for validation of the SIU Method will be selected from the findings
from the interviews within this sample. You may then be asked to apply the System-In-Use
Method (which has been outlined to you) to this case study to assess its relative merits and
demerits. The results of the application will be written up by the researcher and will be
presented as a report to you and you will be asked for feedback. This feedback will then be
used to amend the report which will then again be forwarded to you. You will then be
interviewed with regards to how you view the merits and demerits of the SIU Method.
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9.16 Appendix P

Truck Driving Instruction Case Study- SIU Method Validation (See Chapter 7)

Method (qualitative, push, product-oriented version) validation
questionnaire

Research aim:

The aim of this research is the development of a method to generate possible solutions
(initial PSS prototypes) based on gaps within a customer’s value creating system. This
method should be able to be used qualitatively, quantitatively and form a basis for
product as well as service specification.

Research stage & current insight: (Focus for exploration)

The method has been developed (based on findings from the literature, interviews
with senior managers in industry and case studies). The current focus for exploration is
the validation of a version of this method, which was developed by the researcher.
This version is a “push” from the provider.

Case description: (company type, validator)

e Company: a technology provider to a company which delivers PSS

e Validator: Channel Account Manager for the Technology Supplier Company
(employed at this company for 5 years). The previous 15 years of his employment
also involved the gathering of customer requirements as well as solution
development and provision.

Case justification: why this company? How does this company match the research
aim? Why this validator?

This company enables capital-intensive, technical and high value asset PSS to be
delivered by their client. The validator at the company also has a very extensive
knowledge of servitization and PSS. The company is interested in methods which
develop PSS.
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Questions to be covered in the | Responses
interview:
1.1.|Is the structure of the method | Yes —9/10 for comprehensiveness

comprehensive?

1.2. | Would you suggest any changes to | No —seems to be complete.
any part of the method?

1.3.| What are the advantages and | The advantages are that it adds more
disadvantages of the method? structure — it can help ensure all aspects

have been covered.

1.4. | What skills (which personnel) and | No extra skills would seem to be required.
resources are required to use the | Certainly, the departments dealing with
method? product design, service design and

customer requirements capture use other
methods similar to this.

1.5. | What is the scope of the method? | Seems that it could be used for any
technological suggestion to the customer.

1.6.| Does the method produce the | Yes — it generates a set of solutions which
expected outcome? can then be evaluated. Solutions which

seem reasonable can then be presented to
the customer and we can show why we
think the solutions should help them. The
customers can then evaluate the solutions
and we could refine them.

1.7.] Can the method improve | Yes — it could improve customer processes.
processes?

1.8. | What did the method add? If the company was thinking about making a
suggestion to the customer, this could be a
good way to do it.

1.9.| Any suggestions for further | No- seems to be complete.
improvement?

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams /
create matrix / transcribe & code, etc.

A report will be created, describing the findings from the interview and necessary

amendments will be made to the method.
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9.17 Appendix Q
A Fault Reporting Case Study- SIU Method Validation (See Chapter 7)
[

Method (qualitative, product-oriented version) validation questionnaire
(11 Jan 2013)

Research aim:

The aim of this research is the development of a method to generate possible solutions
(Conceptual PSS prototype Designs) based on gaps within a customer’s value creating system.
This method should be able to be used qualitatively, quantitatively and form a basis for
product as well as service specification.

Research stage & current insight: (Focus for exploration)

The method has been developed (based on findings from the literature, interviews with senior
managers in industry and case studies). The current focus for exploration is the validation of a
version of this method, which was developed by the researcher. This version is qualitative and
shows how the method can be applied to a business process and then to a product to refine
solutions. It also demonstrates the merits of this method as compared to others currently used
in industry.

Case description: (company type, validator)

e Company: a technology provider to a company which delivers PSS

e Validator: Channel Account Manager for the Technology Supplier Company (employed at
this company for 5 years). The previous 15 years of his employment also involved the
gathering of customer requirements as well as solution development and provision.

Case justification: why this company? How does this company match the research aim? Why
this validator?

This company enables capital-intensive, technical and high value asset PSS to be delivered by
their client. The validator at the company also has a very extensive knowledge of servitization
and PSS. The company is interested in methods which develop PSS.

The aim of this application of the method is to demonstrate how it can:
1. Refine solutions (in this case, a product) as well as improve business processes

2. Define the problem space and solution space, compared to other methods currently used
in industry,

Questions to be covered in the | Responses
interview:

1.10, Is the structure of the method | Yes —9/10 for comprehensiveness
comprehensive?
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1.11.

Would
changes to any part of the
method?

you suggest any

Yes — a limitation could be that the method assumes
that a reported issue is worthy of conceptual redesign.
However, it should be qualified who reported the
issue (and assessed whether other customers from
the same company see the issue in the same way) and
assessed why this issue is more important to the
customer than other issues.

1.12.

What are the advantages and
disadvantages of the method?

A disadvantage could be that the method is unwieldy
and laborious — this is particularly an issue for small,
mobile, technology companies whose technologists
tend to be quite close to the customer (that is, there
tends to be a fairly direct link to the customer). With
regards to advantages, the method is very structured
and methodological and so can help ensure that
nothing has been missed when examining a problem
or generating solutions. It could also be useful when
there is a need to share knowledge between

stakeholders if some projects require a partnership.

1.13.

What skills (which personnel)
and resources are required to
use the method?

No extra skills would seem to be required. Certainly,
the departments dealing with product design, service
design and customer requirements capture use other
methods similar to this.

1.14.

What is the scope of the
method?

It appears that it can be used to refine products as
well as business processes.

1.15.

Does the method produce the
expected outcome?

Yes — it defines issues and generates a set of solutions
which can then be evaluated. Solutions which seem
reasonable can then be presented to the customer
and we can show why we think the solutions should
help them. The customers can then evaluate the
solutions and we could refine them.

1.16) Can the method improve | Yes
processes?
1.17.| What did the method add? Structure and thoroughness

1.18.

Any suggestions for further
improvement?

An electronic guide which would allow scoring
(validation checks) so that the person applying the
method can be sure how well they’'ve applied the
method and parts of it they may have had to miss
(because of lack of information, or example) will be
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noted — this should lead to an overall scoring which
will indicate the trustworthiness of the outcome of
that particular application of the method.

Other methods: (e.g. survey, observation, recording, notes)

Notes will be taken during the interview. The interview will also be recorded.

Analysis techniques & Plan: e.g. type up notes / create cause and effect diagrams / create
matrix / transcribe & code, etc.

A report will be created, describing the findings from the interview and necessary
amendments will be made to the method.
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