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Abstract

Service information is the information that is required to support the taking of decisions and actions in a
service environment. In product-service systems (PSS) this information includes both information to support
the lifecycles of physical products and associated services and information to support the management of
services. Service blueprinting techniques have been used for visualising and mapping service activities.
Effective delivery of service demands access to high quality service information (i.e. complete, correct,
minimal and available to the right people at the right time). In this paper we extend the concept of the
traditional service blueprint to include service information needed to deliver PSS. Three types of service
information are considered: input information, process information and output information. The result is a
Service Information Blueprint. In this paper we demonstrate, using a case study, how the service information

blueprint is influenced by changes in service definition and contract type.

Keywords

Service Information, Service Blueprint, Information Requirements, Product-Service Systems, Computer-

Aided Design

1 INTRODUCTION

In the move to product service systems, the delivery of
engineering excellence demands the delivery of
excellence in both physical products and associated
through-life services. Emerging service products strive to
deliver availability and capability to customers. As with
physical products, the delivery of service excellence
begins in the very early stages of the service lifecycle
when contracts are developed and agreed. A key to the
delivery of service excellence lies in defining contracts that
are feasible and affordable for delivery. Once a contract
has been agreed the service product is developed and
then delivered. Access to high quality information
(complete, correct, minimal and available to the right
people at the right time in a form that they are able to use
effectively) is key at each phase of service development
and delivery: contract definition, service definition and
service delivery.

This paper highlights the importance of service design
representations including service information needed for
the delivery of the product-service system. The concept of
traditional service blueprint has been extended to
introduce the concept of Service Information Blueprint.
Section 2 provides a literature review on key tools and
techniques for defining product-service systems. Section 3
focuses on service information requirements in product-
service systems. Section 4 introduces the Service
Information Blueprint model and a software prototype built
on this model. Section 5 presents a case study on a
coffee making machine repair service and applications of
this case study data to the Service Information Blueprint
model for availability type contract. Results from the
research are presented in Section 6 and discussed in
Section 7.
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2 TOWARDS THE DEFINITION OF PRODUCT-
SERVICE SYSTEMS

2.1 Definitions of physical products and service
products

A product-service system is a system composed of a
physical product and associated services that support the
product through its life [1]. Current thinking on the dual
nature of technical artefacts argues that technical
artefacts have both designed physical structure and
intended functional structure. On intended functional
structures, Vermaas and Houkes, in their ICE
(Intentionalist, Causal-role, Evolutionist) theory [2], assert
that when engineers ascribe functions to artefacts they
have to consider explicitly the goals for which agents use
artefacts and the actions that constitute their use; the
agents’ actions are captured in a “use plan”. A number of
papers resulting from this work [3] include discussions on
the distinction between function, behaviour and capacity of
physical artefacts. The service element of a product-
service system might be usefully regarded as a form of
use-plan for the product; as such, it can be argued that
product designers (when designing products for product
service systems) need an awareness of the service
requirements in addition to traditional usage requirements.

If services are regarded as products, or parts of product-

service systems, then the following questions arise:

= What are the intended functional structures of service
products and how might they be represented?

= How might product definitions for service products be
formulated?

An initial analysis of product definition for goods and
services is provided in Table 1.

2.2 Service definition tools and techniques

Over the years a number of tools and techniques have
emerged for defining services that deal with complex
systems. These are taken from the fields of social and
behavioural sciences, business, design and information
technology. They are often tailored to aid designers in a
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Product (artefact — goods) definition

Product (service) definition parallels

Product definitions include data related to specification,
definition, actuals [4], i.e., what is required, what has been
designed and what was actually delivered.

There are differences in the detail of how the data is
represented but the high level concepts of specification,
definition and actuals appear relevant to services.

Product specification — requirements and links to
stakeholder needs [5]

For services, Service Level Agreements seem to
constitute a service specification.

Product definition — what is defined depends upon the kind
of product and the Product Development Process being
used, specifically, the information required at each stage
gate and through key process steps

To understand parallels, we need to understand more
about the Service Development Process. For ABB(Asea
Brown Bovery) Full Services, this is the Full Service
process phases (and decision points).

Actual products — these are the physical artefacts that are

delivered to customers

A key difference between goods and services is that the
“manufacture” and delivery of services are done at the
same time, and services are transient.

Product definition/representation: structure

relationships to capture are key [6]

Product definition includes shape and constitution
whereas service definition includes a process definition.
The detail of this will form a part of the case study.

Table 1: Initial analysis of product definition for goods and services (reproduced from [1])

variety of ways throughout the service definition process in
the projects they work on. Tassi [7, 8] presented a
collection of these tools and techniques according to: (i)
the design activities they are used for (e.g. envisioning,
designing/co-designing, testing and prototyping,
implementing); (ii) the kind of representation they produce
(e.g. texts, graphs, narratives, models, games); (iii) the
recipients they addressed to (e.g. stakeholders,
professionals, service staff, users); and (iv) the contents of
the project they can convey (e.g. context, system, offering,
interaction). Further tools and techniques can be found in
(9]

Service blueprinting approaches have traditionally been
used to capture service-only products (e.g. services in
hospitality and financial sectors). The research reported in
this paper explored the application of the service
blueprinting technique to define technical services
associated with repair and maintenance activities (e.g. of
a coffee making machine). Key aspects of a service
blueprint are summarised below.

A service blueprint is built around the principal stages (i.e.
key process steps) of the service and two axes: (i) a
horizontal axis representing the chronology of actions
conducted by the service customer and the service
provider and (ii) a vertical axis that distinguishes between
different areas of actions - these areas of actions are
separated by different ‘lines’. Each principal stage has its
own service standards, scripts and guidelines which relate
to the target performance levels of the service. The
association of physical evidence with principal stages of
the service addresses the intangibility of the service itself.
Two kinds of process are associated with the principal
stages: principal actions and support processes. Principal
actions can be three types: onstage principal actions by
the customer, onstage and backstage principal actions by
the service provider's customer contact personnel. A
service provider’s principal actions and support processes
interact with IT resources. For technical services these
could include engineering information systems. The
visibility of the sub-processes that form processes in the
service definition is governed by their positioning on the
blueprint relative to a number of visibility and interaction
lines. If the enactment of a service blueprint is seen as a
simultaneous production and consumption of the service
then these lines govern who sees which parts of the
delivery of the service.
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3 INFORMATION REQUIREMENTS IN PRODUCT
SERVICE SYSTEMS DESIGN

3.1 Service information

Information has been described as ‘the lifeblood of the
organization’ [10] and ‘the most valuable resource in
industry today’ [11] but it is also recognized that
information is an often undervalued resource and difficult
to manage. However, if properly managed, the value of
information can grow over time. Information is important in
service development and delivery as a means of
enhancing decision-making processes. Information per se
has no direct value but the impact of improved information
quality can both reduce costs and enhance service
performance. In the context of product servicing,
information can provide details about the condition and
usage of the product. In a service delivery context, on the
other hand, information provides the contractual
requirements of the customer to enable service delivery
decisions to be made.

For this paper, service information refers to all the
information that is required to support the taking of
decisions and actions in a service environment. A service
information system is a system (which may itself be a
collection of systems) which provides the information
required to take key decisions and actions in a service
environment [12].

3.2 Service information requirements

Zeithaml et al. [13] identify five quality gaps in service
delivery that may result in service failure. Recommended
by Zeithaml et al. [13] and distilled by Lovelock and Wirtz
[14] are a number of managerial strategies that should be
taken to close the service quality gaps. Several of them
are related to improving the management of service
information. Effective delivery of service demands access
to high quality service information (i.e. complete, correct,
minimal and available to the right people at the right time).

McFarlane [15] asserts that the information requirements
for support service solutions are multifaceted and highly
dependent on the nature of the offering and the
underpinning service agreement. Defining information
requirements is perhaps the most neglected aspect of the
information management process. Berkeley and Gupta
[16] survey information required to deliver quality services
involving high customer contacts. In high customer
contact services, a firm’s ability to deliver a quality service
depends on its capacity to collect, process, distribute and
use information. According to Berkeley and Gupta [16],



service-delivery process can be broken down into input,
process and output stages. They classify information
required for delivering quality services into three broad
categories: input information, process information and
output information.

Input information refers to the information needed before
the service is actually being delivered. This includes but is
not limited to information related to: (i) identification of
customer requirements and/or expectations; (ii) service
provider's perception of customer requirements and/or
expectations; (iii) definition of service specifications and
standards; (iv) service definitions; (v) service
history/records; (vi) demand and capacity planning; (vi)
customer instructions. Process information is the
information actually required by the service provider and
the service recipient while the service is actually being
delivered. This includes but is not limited to information
related to: (i) knowledge to perform the service; (ii) job
status; (iii) security and safety; and (iv) quality
control/assurance.

Output information refers to information that is available
after the service is delivered and as results of the service.
Output information can be exploited for future use (e.g. as
input information for the next cycle of service delivery, to
judge the extent to which the service met customer
expectations and needs or to inform the design of the next
generation of services) [16]. This includes but is not
limited to information related to: (i) internal quality
measures; (ii) external quality measures; (iii) customer
feedback (suggestions, complaints and compliments); (iv)
service recovery; (v) service actually delivered; and (vi)
changed state of the service recipient (as a result of the
delivered service) [17].

A key aspect of product-service system lies in the need to
support through-life product information. Kundu et al. [18]
observe that the transition from product to product-service
system delivery requires that engineering information
systems change to meet new demands to support product

data needed for the effective delivery of lifecycle services,
including data generated through the whole life of the
product, and the rationale behind decisions that were
made through life. This is because over the extended
time-span of a product’s lifecycle, as opposed to its
realisation, the people who created this information are
increasingly likely to be unavailable to provide comparable
support for the both service as well as physical product.

At each stage of the lifecycle of a complex engineering
product, the needs of the various stakeholders involved
are different and distinct. Designing, servicing, maintaining
and upgrading a product are all knowledge intensive
activities. Each of the different stakeholders (with different
sub-problems and goals) in these stages has different
knowledge requirements [19]. Also, since these
stakeholders have a variety of information needs, it is
likely that they would make different demands of a
knowledge and information management system, such as
Product Lifecycle Management (PLM) [19]. In order for
knowledge management systems to provide efficient
lifecycle support it is necessary to understand their
knowledge requirements and the information flows
between different stakeholders. McKay et al. [20] argue
that the strategy of establishing future-proofed product
information to support future lifecycle processes will fail in
situations where the information requirements of the
processes are not anticipated far enough in advance. To
address this weakness, McKay et al. [20] propose an
integrated product, process and rationale model that
allows the definition of multiple product structures for a
given artefact. The product structures can be created to
suit the lifecycle stage and people (i.e. users) concerned.
The inclusion of process, enterprise and rationale
information allows the context within which information
was created to be captured.
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Figure 1: Key elements of a service information blueprint.
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4 SERVICE INFORMATION BLUEPRINT

4.1 Service information blueprint

Product service systems (such as Rolls-Royce’s ‘Power
by the Hour’) are often designed and developed with aims
to improve performance in a number of areas such as:
reduce time, reduce cost, improve quality, improve
responsiveness, and maintaining a sustainable business.
Effective delivery of services with improved performance
demands access to high quality service information (i.e.
complete, correct, minimal and available to the right
people at the right time). This is pertinent throughout the
lifecycle (which typically include definition, development,
delivery and evaluation) of the product-service system. To
address this there is a need to capture service information
requirements while defining services.

Service blueprinting techniques have been used for
defining (basically visualising and mapping) services. This
traditional framework of the service blueprint can be
extended by including service information requirements for
each service activities (done by the provider and customer
to deliver the defined service) in the blueprint. The authors
of this paper termed this resulting extended version of
blueprint as ‘Service Information Blueprint’. This is shown
in Figure 1.

Scope: The Service Information Blueprint aims to support
service designers in answering the questions: (i) What
information is needed? (ii) Does the information exist? (iii)
If so, where is it? (iv) If not, where might it come from?

Key Features: In the Service Information Blueprint, service
information is categorised according to the swim lanes of
the service blueprint: namely, ‘requirements, service
standards, scripts and guidelines’, ‘principal stages’,
‘physical evidence’, ‘onstage principal actions by the
customer’, ‘onstage principal actions by the service
provider's customer contact personnel’, ‘backstage
principal actions by the provider's customer contact
personnel’, ‘support processes’, and ‘IT resources’). The
term and concept of ‘swim lanes’ have been adopted from
the Business Process Modelling Notation
(www.bpmn.org). However, the names, concepts and
functionalities of all other key elements of the service
blueprinting model remain the same.

For each of the service activities (done by the service
provider and/or customer to deliver the defined service),
three types of service information are considered: input
information, process information and output information.
This has been adopted from the service information
classification scheme proposed by Berkeley and Gupta
[16]. However, the definitions and concepts (of the input,
process and output information) have been slightly
changed and adapted to make them applicable for service
activities (rather than the whole service which is
composed of a collection of service activities or service
process steps). For the Service Information Blueprint,
input information refers to the information that are needed
before actually performing or carrying out the service
activity; process information is the information actually
required by the actor while actually performing or carrying
out the service activity; output information refers to
information that is available after and results of a service
activity is been carried out.

The Service Information Blueprint captures information
associated with relationships:

= across the swim lanes of a service blueprint (e.g.
between KPI-1 defined in the ‘Service Standards,
Scripts and Guidelines’ swim lane and Activity2 of the
‘Support Processes’ swim lane); and

= between two elements within a swim lane of a service
blueprint (e.g. between Activityl and Activity2 of the
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‘Support Processes’ swim lane). Relationships can be
two types: connection and composition.

The Service Information Blueprint also captures or refers
to rationale for any service activity definition or any
defined relationship. In addition to capturing service
information requirements, it also includes sources of that
information or refers to that sources (if they already exist
in external repositories).

4.2 The ‘FSIB’ software prototype

A software prototype, called ‘FSIB’, was developed based
on the Service Information Blueprint model (proposed in
Section 3.3 and depicted in Figure 1). In the FSIB, an
instance of a service definition is termed as a service
‘scenario’. In the FSIB, in a service definition ‘scenario’,
the swim lanes of a blueprint are represented as
‘canvases’ or ‘contexts’. The key elements in a swim lane
are represented as nodes and arcs. The nodes represent:
definitions in the ‘Requirements, Service Standards,
Scripts and Guidelines’ swim lane; stages in the ‘Principal
Stages’ swim lane; descriptions in the ‘Physical Evidence’
swim lane; resources in the ‘IT Resources’ swim lane; and
activities in all other swim lanes capturing customer’s and
provider’s activities. The arcs represent relationships
among nodes within and across swim lanes. Relationships
can be two types- connection and composition. The
connection relationships are also classified to represent:
materials flows or chronological sequences (in the arrow
direction) or information flows or statements (for example
to represent dependency links). In the FSIB, for each
nodes service information requirements are captured in a
separate dialog box. In this dialog box, service information
(i.e. input information, process information, output
information, and rationale information such as design
rationale) for each service activity can be explicitly
captured and/or implicitly referred to a hyperlink (if they
already exist in external files or URLs or network
addresses). A screen dump of the FSIB software
prototype is depicted in Figure 2.

5 CASE STUDY — APPLICABILITY OF SERVICE
INFORMATION BLUEPRINT TO COFFEE MAKER
MAINTENANCE AND REPAIR SERVICE

The Service Information Blueprint model introduced in this
paper was applied to a Coffee Maker maintenance and
repair service case study (using the FSIB software
prototype) for two types of contracts- availability type and
spare only type. However, this paper reports in detail
application of availability type contract only. The typical
scenario is described below.

The Coffee Maker Manufacturer supplies Coffee Maker
machines to its customer and takes responsibilities for
their maintenance and repair in an availability type
contract. The service level agreements (SLAs) and key
performance indicators (KPIs) for the contact are as
follows:

KPI 1: Call-to-Repair response time- 24 hours (max).

SLA 1: Provider to supply, install, maintain, repair and
support spare parts and the whole machine.

SLA 2: Service package include planned preventive and
predictive maintenance, and unplanned breakdown
maintenance.

SLA 3: Provider is responsible for customer training and to
show how to use the Coffee Maker.

SLA 4: Provider to supply user manuals / training
materials to the customer.

SLA 5: Customer to pay annual fixed price to the provider
for availability of the product (Coffee Maker) and services.



SLA 6: The price includes both spares and services (i.e.
complete availability and ready for use).

SLA 7: 24 months minimum contract period (which can be
extended after end of the contract).

SLA 8: Services are provided both as-planned and on-
demand basis for the duration of the contract.

The contract includes planned preventive and predictive
maintenance twice a year by the service provider.
Besides, whenever there is problem (i.e. breakdown) with
the Coffee Maker, the customer contact (by telephone) the
service provider and report about the problem, and also
schedules an appointment for engineer’s visit. The service
engineer is expected to visit the customer within 24 hours
of reporting the problem. The service engineer diagnoses
the root cause for the problem and try to fix the problem
onsite. If for any reasons, the problem cannot be fixed
onsite and have to take the Coffee Maker out from the
customer’'s premises, an alternative Coffee Maker is
provided to the customer for temporary use. The faulty
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Coffee Maker is then repaired at Coffee Maker
Manufacturer’s repair workshops by its maintenance team.
All other planned preventive and predictive maintenance
might also done during this time if their schedules are
near. During repair and maintenance services, the prime
service provider (i.e. Coffee Maker Manufacturer) have to
contact its suppliers for components and parts
procurement and to receive sub-contracted services. After
maintenance and repair, the service provider’s call centre
staffs contact the customer to make an appointment for
returning the serviced Coffee Maker. On the scheduled
date and time the Service engineer returns the serviced
Coffee Maker to the customer and takes back standby
Coffee Maker (provided for temporary use). Databases, IT
systems and service records are regularly interacted,
updated and maintained throughout the service delivery
process.

Data from the aforementioned case study were applied to
the Service Information Blueprint model using the FSIB
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Figure 2: A screen dump of the FSIB software prototype showing results from the application of data for a Coffee Maker
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Figure 4: A screen dump showing design rationale information captured in a DRed [21] file.

software prototype. First the service scenario was defined
by defining the key elements of each of the swim lanes
and mapping relationships among these elements within
and across swim lanes. Later, for each service activity,
service information required for that activity and
information resulted out of that activity were captured.

6 RESULTS

Data from the Coffee Maker machine maintenance and
repair service in an availability type contract case study
was applied to the FSIB software prototype. The key
results are summarised in Figures 2, 3, 4 and 5. Figure 2
presents a snapshot of different swim lanes and their key
elements (represented by nodes and relationships
arrows/links). Service information required to carry out
each service activity (done by either service provider or
customer) were also captured in the FSIB software
prototype. Figures 2 and 3 present an example of how
service information associated with a service activity were
captured in the FSIB software prototype. The ‘External
Link’ field (shown in Figures 2 and 3) refers to design
rationale information captured in an external DRed
(Design Rationale Editor [21]) file. This is depicted in
detail in Figure 4. The example in Figure 4 shows
rationale behind selection of a 12mA/12W bulb for the
Coffee Maker's OK Indictor light. For this case study,
service information associated with each of the
relationships (both within and across swim lanes) were
also captured in the FSIB software prototype.

Figure 5 shows in an example how information associated
with a relationship (represented by arrows/links in Figure
2) are captured. The red coloured link shown in Figure 2 is
an example of a relationship between elements across
swim lanes.
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7 DISCUSSION

In this section, some key lessons are drawn out from the
exploratory research reported in this paper.

Effective delivery of services with improved performance
demands access to high quality service information (i.e.
complete, correct, minimal and available to the right
people at the right time). This is pertinent throughout the
lifecycle of the product-service system. To address this

there is a need to capture service information
requirements while defining services. The Service
Information  Blueprint allows definition of service
information requirements and capture of service

information while defining services. It does so by
categorising service information according to the swim
lanes of the service blueprint. In activity swim lanes, it is
important to define information requirements before and
during the execution of a service activity. It is also
important to capture any information that may result from
a service activity as they might be useful in future. The
Service Information Blueprint's ability to define accurate
service information requirements and to include service
information enables product-service system designers to
provide improved service definitions.

It is essential to understand how elements within and
across swim lanes of a service blueprint are related to



each other. The Service Information Blueprint supports
this by allowing service designers in defining relationships
and capturing information associated with the
relationships. One of the major outcomes of this capability
of the Service Information Blueprint is the ability to link
service activities (done by the service provider and/or
customer to deliver the defined service) with the KPlIs (Key
Performance Indicators), Pls (Performance Indicators)
and SLAs (Service Level Agreements) in the
‘Requirements,  Service Standards, Scripts and
Guidelines’ swim lane. A large proportion of a service is
process/activity and the key feature that differentiates
services from processes lies in the need to deliver the
requirements of a contract. In the Service Information
Blueprint, the relational links between service
activities/processes and contractual requirements (such
as KPlIs, Pls and SLAs) show dependencies among them.
For services (especially for contracted services), this
means an ability to identify the service activities that need
to be controlled in order to reach any particular target
performance level (i.e. KPI or Pl or SLA) of the contract.

In case the service information already exists in external
sources or repositories, the Service Information Blueprint
refers to the sources of that information. In the FSIB
software prototype this is realised by including hyperlinks
in the ‘External Link’ field. As demonstrated in the coffee
making machine case study in Section 6, this external link
could be a source capturing design rationale information
such as DRed. Design rationale information is key in
justifying design decisions or revisiting design decisions
made before.

Ideas on service configuration can be drawn from a large
body of work in product configuration. Product
configuration involves linking physical elements together
to form new products; part-whole relationships are used to
define product breakdown structures and connection
relationships are used to define how parts within a product
breakdown structure relate to each other to deliver
intended functionality. Different kinds of connection
relationship occur in product breakdown structures: for
example, mating conditions in assemblies and functional
interactions in functional definitions. These ideas have
been transferred for service products’ definitions in the
FSIB software prototype (or the Service Information
Blueprint model that underpins the FSIB software
prototype) because it is based on an underlying meta-
model that treats physical and service products in similar
ways.

In the Service Information Blueprint, in the service activity
swim lanes, if the external links refer to other instances of
service definition (or other instances of service ‘Scenario’
in the FSIB software prototype) in part-whole type
relationships (or composition relationships), the Service
Information Blueprint model can be used to define service
breakdown structures. In service breakdown structures,
such externally linked instances of service definition (or
instances of service ‘Scenario’) are considered as part of
the service definition (or the service ‘Scenario’) from
where the links were made (as shown in Figure 6 below).

In the Service Information Blueprint (or in the FSIB
software prototype), service elements can be reused
within and across swim lanes. However, effective service
configuration requires further understanding on how to (i)
select service parts and (ii) connect them to each other to
create new services that will behave in intended ways.
Another key issue for successful service configuration is,
given a service catalogue from which service elements
can be selected, how will service parts be selected and re-
used?

The ability to re-configure services becomes increasingly
important when the service contract changes (for

example, from availability to spare-only type and vice-
versa, or availability to capability type and vice-versa). The
Service Information Blueprint (and the FSIB software
prototype) was also applied to the Coffee Maker
maintenance and repair service in a spare-only type
contract (not reported in this paper). It was observed that,
with changes in contract type from availability type to
spare-only type, some parts of the service definition for
the availability type contract had to be changed whilst the
other remained the same. With changes in contract type,
KPIs (Key Performance Indicators), Pls (Performance
Indicators) and SLAs (Service Level Agreements) also
change. To reach these new sets of target performance
levels, some of the service activities need to be re-defined
and/or reconfigured and some new service activities need
to be included in the service definition. With changes in
service definition, service information requirements also
change to meet new sets of target performance levels.

»
»
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Figure 6: An example service breakdown structure.

8 CONCLUSION

Research reported in this paper provides insights for
understanding the importance of service design
representations, including service information
requirements, in product-service system design. The
paper introduced the Service Information Blueprint model
and the FSIB software prototype and demonstrated their
capability to define service information requirements and
capture service information while defining services. The
potential of the Service Information Blueprint model to
define service breakdown structures was also explored.
Early results indicate that the Service Information
Blueprint model (and the FSIB software prototype) can
support  Bill-of-Materials type service breakdown
structures. Future research will include development of
tools and techniques to support service cataloguing and
re-configurability.
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