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1 Introduction

In today’s dynamic global business environment, many manufacturing companies are
searching for new and innovative ways to achieve and retain competitive advantage.
Companies have begun to realise that this objective is not achievable purely through
continuous technical improvements of their physical products; rather, it requires a deeper
understanding of the needs, expectations and perceived value scales of their customers
(Woodruff, 1997). Companies are, therefore, exploring the possibility of moving beyond
the ‘traditional” product offerings to become more service-oriented companies, offering
solutions that include ‘sale of use’ rather than merely ‘sale of product’ (Baines et al.,
2007), thus providing product-service system (PSS). An example of PSS offering is the
‘TotalCare®’ package offered to airlines by the aircraft engine manufacturer Rolls-Royce
(Harrison, 2006), which is delivering ‘power-by-the-hour’ rather than transferring
ownership of the gas turbine engine. In this case, as a PSS provider, the aircraft engine
manufacturer retains ownership and responsibility for Maintenance, Repair and
Operations (MRO) throughout the all engine lifecycle, while the customer only pays for
the number of hours flown by the engine.

This transition implies a major shift in the business operations, strategic thinking and
management approaches (Oliva and Kallenberg, 2003; Brax, 2005; Johnstone et al.,
2008), impacting not only the way products are offered, but also the way in which they
are designed and developed (Isaksson et al., 2009; Wagner et al., 2012).

This paper takes into consideration the transition towards PSS offering happening
today in the aerospace industry (Harrison, 2006), and grounds the analysis on two main
emerging strategies towards service integration in product content:

e change in the way aeronautical components are designed, integrating a more
value-driven perspective in product development (Collopy and Hollingswort, 2009;
Bertoni et al., 2011)

e adoption of methods and tools to enhance system and subsystems knowledge
acquisition, sharing and use (Chirumalla et al., 2012; Larsson et al., 2008).

Literature on PSS development largely discusses new methods and tools to be used
during the product development stages (e.g., Tomiyama and Meijer, 2003; Van Halen
et al., 2005; Morelli, 2006). However little research has been conducted on how to handle
this strategic shift, and on how to measure the performances of a PSS development
process.

Starting from the literature analysis of different performance measurement
frameworks for PSS, the authors have investigated a balanced scorecard (BSC) approach
to build a performance measurement framework suitable for PSS design, adopting an
aerospace product development standpoint. Generally, one of the main advantages
recognised to the BSC is that it adds strategic non-financial performance measures
(intangibles) to traditional financial metrics (tangible) to give managers a more
‘balanced’ view of organisational performance (Kaplan and Norton, 1996).

The objective of this study is, therefore, to propose a multi-criteria hierarchical
performance measurement framework, based on the BSC approach, to be used both as
guidance and as a continuous feedback tool by managers in PSS design. The framework
is intended to drive corrective actions and have a more objective overview on the
behaviour of the PSS development process.
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The paper is structured as follows: Section 2 introduces performance measurement
and BSC theory, and reviews previous work related to performance measurement in PSS
development. Section 3 details the methodology. In Section 4, the performance
measurement framework for PSS development is described in detail with respect to
internal and external stakeholders, hierarchical levels, multi-criteria and performance
indicators. Section 5 presents discussions of findings including pros and cons of using
BSC in a PSS context.

2  Performance measurement and product-service systems

2.1 Performance measurement

Performance management has been recognised as an important area in several disciplines
for measuring effectiveness of activities (e.g., Lebas, 1995). Neely (1998) defined
performance measurement as the process of quantifying the efficiency and effectiveness
of actions. These performances can be related to an individual employee, a group, a
department, an organisation, or even to the organisational processes. Most of the
companies are extensively using performance measurement to assess progress of their
initiatives against quantifiable goals and objectives in terms of time, cost and quality
(Neely, 1998; Bourne et al., 2005; Kennerly and Neely, 2003). Figure 1 shows how
performance measurement can play a primary role in dividing the corporate vision and
objectives into each departmental-level objective and strategy, thereby enabling the
monitoring of key relevant areas (KRAs) and key performance indicators (KPIs) at
each department level, while connecting to overall corporate strategies (Parida et al.,
2003). In this way, performance measurement serves the purposes of identifying the areas
that need attention, improving communications and accountability across departmental
boundaries (Waggoner et al., 1999). Moreover, performance measurement usually
provides feedback on activities with respect to meeting stakeholders’ or customers’
expectations and strategic objectives, thereby highlighting the need for improvement in
areas with unsatisfactory performance (Bhagwat and Sharma, 2007).

As observed by Kaplan and Norton (1996), the first performance measurement
frameworks were traditionally accounting based, focusing mainly on financial indicators.
Over the years, researchers have proposed a number of frameworks, models and tools for
designing performance measurement based on non-financial indicators such as quality,
customer satisfaction and innovation (Ittner and Larcker, 1998; Nudurupati et al., 2011).
Some of the most important frameworks and models, which have made significant impact
on performance measurement and management, in practice, are BSC (Kaplan and Norton,
1996), Performance Prism (Neely and Adams, 2001), The Performance Measurement
Matrix (Keegan et al., 1989) and Performance Pyramid (Lynch and Cross, 1991). Each of
these frameworks provides a unique and different lens through which an organisation’s
performance can be viewed. Most of these frameworks tend to be one dimensional in
perspective. As such, they only provide commitment to short-term improvement
initiatives rather than to design a formalised performance measurement system (Kaplan
and Norton, 1996, 2001). The BSC, however, integrates multiple perspectives, as a way
to align an organisation’s performance measures with its strategic plan and goals, thus
improving managerial decision-making regularly in a continuous manner.
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Figure 1 Performance measurement from corporate level to different departmental level
(see online version for colours)
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2.2 Balanced scorecard (BSC)

Many businesses have adopted BSCs as a management tool to map their vision and
strategy. The BSC concept provides a clear prescription to what companies should
measure to ‘balance’ the financial perspective in implementation and control of their
strategic plans, i.e., both short-term and long-term horizons (Kaplan and Norton, 1996).
On the one hand, the BSC has the ability to transfer company goals to the operational
levels of the organisation (Kaplan and Norton, 1996, 2001). On the other hand, it
encourages the managers to approach the corporate vision and strategy from multiple
perspectives (or criteria and KRAs) (Kaplan and Norton, 1996, 2001). At a general or
conceptual level, the typical BSC includes at least the following four perspectives
(Kaplan and Norton, 1996) as shown in Figure 2:

e  Financial perspective: The strategy for the growth, profitability and risk viewed
from the shareholder. For example, if we succeed, how will we look to our
shareholders?

e Customer perspective: The strategy for creating value and differentiation from the
perspective of the customer. For example, to achieve my vision, how must I look to
my customers?
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o [Internal business process perspective: The strategic priorities for various business
processes that create customer and shareholder satisfaction. For example, to satisfy
my customers, in which processes must I excel?

o Learning and growth perspective: The priorities are to create a climate that supports
organisational change, innovation and growth. For example, to achieve my vision,
how has my organisation to learn and improve?

These multiple perspectives are important in performance measurement because
intangible assets, such as customer relationships, employee skills, knowledge and
innovation, have become the major sources of competitive advantage in the information
age compared with the industrial age, where the economy was based on tangible assets
like the inventory, the land and the factory (Kaplan and Norton, 1996, 2001).

Figure 2 Balanced scorecard

Financial
o
_To su_cceed ¢ -E? . &
financially, how S/5/8/s
should we &/ F (.EQ £
appeartoour fQ /< /W /S
shareholders?”
Customer 4 Internal Business Process
“To achieve our 2/ ) 0 “To satisfy our F/e )
S @/ o @ /e &
vision, how §/5/e/s Vision sharenoldersand /& / 5/ ¢/ &
should we g/ e/ ST 4- & * customers, what /-9 / & g& g
0 (4 X iy O Z I =
a O/s/K) & /)& <
ppear to our S business =
customers?” Strategy processes must
* we excel at?”

Learning and Growth

“To achieve our & o
Ry o
vision, how will 5/5/%/ =
we sustainour /& / Z rbo: £
abilty to change /O / =/ =~/ £
and improve?”

Source:  Adapted from Kaplan and Norton (1996)

It is observed that companies using an integrated balanced performance measurement
system perform better than those that do not measure their performance (Kennerly and
Neely, 2003; Lingle and Schiemann, 1996). The BSC approach in business has the
advantage of providing a mechanism for identifying the improvement areas and their
associated performance measures for continuous improvement. Subsequently, various
researchers (e.g., Abran and Buglione, 2003; Figge et al., 2002; Gaiardelli et al., 2007;
Sveiby, 1997) have adopted BSC approach for measuring performances within their field
of interest with adding additional new perspectives to the four perspectives identified by
Kaplan and Norton (1996). The main reason is that since the BSC is directly linked to
vision and strategy, the relevant perspectives and measures will vary across organisations
depending on their specific goals and circumstances. For example, Figge et al. (2002)
added a non-market perspective for linking sustainability management to business
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strategy and Abran and Buglione (2003) added a people perspective to tailoring the BSC
for the information and communication technology (ICT) field. Similarly, Parida (2006)
developed a performance measurement framework for the mining maintenance field
with the addition of new criteria (or KRAs): equipment-related, maintenance task-related,
health, safety and environment and employee satisfaction-related. Therefore,
performance measurement and their selection of criteria will vary based on the field of
interest and the conditions under which certain field works.

2.3 Performance measurement for product-service systems development

Product development is typically considered very demanding context, as it requires a
mixture of overlapping activities to be effective (e.g., constrained costs, compressed time
to market, improved quality and increased flexibility) (Driva et al., 2000). This poses
challenges for companies to manage and measure the product development process
effectively (Pawar and Driva, 1999; Nixon, 1999). Such situation is exacerbated in PSS
development, which typically implies cross-functional, cross-disciplinary, cross-cultural
and cross-organisational environments.

Accordingly, the designers in PSS context need to take into account the numerous
factors to effectively understand the impact of changing design variables at the
micro-level on the overall system ‘value’. This stresses the criticality of good decision-
making strategies during early conceptual design stages of PSS (Bertoni et al., 2011).
Consequently, product development engineers need to know the goals of the company,
cause-and-effect relationships behind costs and revenues, and they need to receive proper
feedback concerning their decisions in the early phases (Sandstrém and Toivanen, 2002).
However, the goals of the company and the future perspectives are, traditionally,
explained to product engineers through the project budgeting and schedule (Pawar and
Driva, 1999; Nixon, 1999).

A number of different approaches have been proposed and adopted to drive the
development process towards the selection of more valuable solutions; however, an
explicit linking between the objective of these approaches and the overall company
objectives may be lacking, or may not be explicitly perceived by the managers across all
the hierarchical levels. Furthermore, linking objectives to daily activities of PSS design
process is crucial, as the linkage will ensure that development teams are working towards
the objectives on daily basis, or teams have a clear direction to link their individual
efforts to achieve the whole mission and objectives.

Sandstrom and Toivanen (2002) conclude that BSC is a good tool to communicate the
strategic focus of the company to the design engineers, and to convey how decisions
affect the design work. In addition to the above, the study reveals that BSC offers good
opportunities to construct a proper feedback about their work to design engineers as it
translates the company scorecard into specific goals and measures at individual level
(Sandstrom and Toivanen, 2002).

In PSS perspective, Lange (2009) study demonstrates that existing performance
measurement systems are not able to meet the identified requirements for measuring the
performance of integrative industrial services into development process. Therefore,
Lange (2009) study develops a service performance measurement system (SPMS)
framework, as a structured set of operational performance indicators associated with
service reference processes applicable for different service scenarios as the basis for the
management of PSS (Lange, 2009).
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The recent study by Yang (2009) also reveals that the BSC approach is appropriate
for a PSS context. He develops a three-level metrics structure for PSS, as shown in
Figure 3, namely: Balanced Perspectives (financial, customer, business process and
innovation and learning), PSS Components (product, service, team and network) and
Capability areas (quality, cost, time, flexibility and sustainability).

Figure 3 The balanced framework of performance measurement for a PSS
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Yang (2009, p.549) further stressed the significance of a BSC approach in the PSS
context, and noted that,
“the balanced performance evaluation of PSS not only helps organisations
in faster and wider progress monitoring of their product and service
operations, but can also help them in improving their internal and external
functions of business such as engineering and design applications,
production, quality improvement, materials management, service networks,
quick response, gaining market shares, proper implementation of business
strategies etc.”

However, right now, there is no comprehensive research in the PSS field related to
performance measurement topic. Although the existing research derived diverse
performance indicators related to PSS, the issues related to selection of criteria,
stakeholders and hierarchical levels as well as guidelines for continuous monitoring of
performances have been overlooked in the literature. In addition, the researchers do
generally not discuss the achievement of internal and external stakeholder’s effectiveness
in a PSS development. To overcome this gap, this paper proposes a multi-criteria
hierarchical performance system for PSS development and suggests how companies can
manage their PSS processes in a continuous manner.
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3 Research method

This study is based on the experiences from Swedish and EU-based research projects
conducted in the aerospace industry. The study adopts a qualitative research methodology
(Miles and Huberman, 1994), characterised by a case-study approach in one case
(Yin, 2009) and by an action research approach (Avison et al., 1999) in the second one.
The empirical data in these projects were collected through semi-structured interviews,
formal/informal discussions, workshops, focus groups (Yin, 2009) and periodical
meetings organised with different project partners. This has given access to a rich
industrial context dealing with PSS development issues and challenges.

On the basis of the literature review and the interaction with several project partners,
authors have developed performance measurement framework for PSS design using
aerospace industry as an application example.

The developed framework has been discussed and improved, by means of focus
groups, involving engineers and experts of different industrial fields, such as railway,
hydropower and mining industry. The feedback from the meetings, together with the
analysis of case studies of different applications of the BSC, have contributed to the final
definition of the framework.

4 Framework for performance measurement for PSS development using
balanced scorecard

This section presents an application of the BSC for the implementation and measurement
of PSS design. After introducing internal and external stakeholders and their
effectiveness, the first part describes the proposed hierarchical levels for measuring
performances in PSS design, and the second part of the section proposes seven
measurement criteria and summarises the multi-criteria hierarchical PSS performance
measurement framework.

4.1 Selection of internal and external stakeholders

PSS providers are required to integrate and control all the needs that come from the
downstream process during the early phases of design, such as manufacturing, operation,
maintenance, repair, and remanufacturing (Isaksson et al., 2009). This situation calls for
the necessity of considering a wider set of external stakeholders compared with
traditional product development activities. Hence, the successful PSS design depends on
how well the PSS-manufacturer combines and monitors the activities of multiple actors in
the network (Windahl and Lakemond, 2006). Several authors highlighted this need in the
literature, for example, Wisner et al. (2005) stresses that companies must first segment
customers based on their service needs (i.e., the desired service level, the quantity and
delivery frequency needed, and buying habits and trends), and then design a network to
meet the needs of those customers. Morelli (2006) further confirmed that PSS providers
need to identify their actors early in the development process, to consider their common
interest and common goals, to design the whole system as well as to organise the
interactions between them in an effective manner.
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This study exemplifies the proposed framework by using the example of an aerospace
sub-system manufacturer adopting the vision of being the best partner for component
supply aiming to become leading in innovative customised partnership solutions.

The external stakeholders assumed as relevant in such a case are sub-system
suppliers, module suppliers, system integrator, service centres at airports,
re-manufacturing centres, airliners, governmental environmental bodies, competitors and
legal authorities (e.g., Chirumalla et al., 2012).

From an internal perspective, PSS design requires cross-functional and cross-
disciplinary teams. For instance, the development of an aircraft engine requires the
integration of knowledge from a broad range of disciplines, including mechanical design,
electrical engineering, computer science, aerodynamics, material science, manufacturing,
operations and maintenance, and service engineering (Prencipe, 2004). Although the
number of internal stakeholders involved may vary from project to project, it is essential
to involve a good ‘balance’ of competencies in the design activity.

4.2 Selection of front-end and back-end needs

The BSC tool can integrate both external and internal stakeholder perspectives with its
nature of link-and-effect structure to achieve the total PSS development effectiveness
(see Figure 4). BSC allows deriving front-end processes from the needs of the external
stakeholders and matching with the back-end process from the internal capacity and
capability of the internal stakeholders. The front-end and back-end needs have to be
selected and analysed before deciding the number of criteria for PSS development
performance measurement. On the basis of the literature review and the interaction with
several project partners, several front-end needs are identified, including reduction of
time-to-delivery, increase supply chain integration, increase product lifecycle time,
increase passenger safety, reduction of operational cost and reduction of rework.
Similarly, the back-end needs are derived from the requirements of the internal
stakeholders’ capabilities for the cross-functional integration, value-/service-driven
design, product innovation capability, knowledge-sharing culture and learning
organisation. This allows PSS providers to audit their internal capabilities and their
partners in the networks in a continuous manner to determine whether they are consistent
with the needs of the end customers. In this way, BSC can help the companies to reassess
their internal and external capabilities in a continuous manner with respect to end-
customer needs.

The effectiveness of any performance measurement system lays in the way the
company vision, overall objectives, strategies and performance indicators link and
integrates each other. The linkage between visions, objectives and strategies and
measures of performance are considered in our proposed framework. A logical cause-
and-effect structure has been created in the framework, while identifying and deciding
the different performance indicators for each criterion to measure the PSS performance.
The framework is designed to balance different criteria with respect to defined
hierarchical levels, and integrated as a link-and-effect structure to achieve the total PSS
development effectiveness from both external and internal stakeholder effectiveness,
which would contribute to the overall objective of the organisation and its business
units (see Figure 4). Accordingly, the total PSS development effectiveness = Internal
effectiveness x External effectiveness.
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Figure 4 The structure of balanced and integrated PSS performance measurement framework
linking to multi-criteria and multi-hierarchical levels
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4.3 Selection of hierarchical levels

To measure the PSS development performances, three levels of hierarchical management
categories are considered in the study namely strategic, tactical and operational, as shown
in Figure 5.

In the performance measurement hierarchy, the strategic level (1) represents
corporate top management, whereas the tactical level (2) represents business function
management, and finally the operational level (3) represents both functional and project
managements together. An additional level might be added, link to the management of
small local teams, however since these groups are typically smaller in size, they are not
considered in this study. For instance, considering product development as business
function level, there are several functional levels present, such as computer aided design
(CAD), finite element methods (FEMs), simulations, quality functions (on functional
level), with current running projects, such as intermediate compressor project (on project
level), which includes stress analysis teams, product support teams, solid mechanics
teams, etc. (on team level).

Design projects are increasingly cross-functional, requiring the collaboration of
stakeholders and expertise located all around the enterprise and that are often working on
different projects concurrently. This can create synergies, or can increase the complexity,
decreasing effectiveness and efficiency. However, these effects are cumbersome to
measure if merely looking at a functional-level perspective. Thus, there is the necessity to
frame a system able to collect the information about the performances of cross-functional
projects, to be coupled with more functional-oriented measurement. To overcome this
problem, the proposed framework selected level 3 at operational level, which is
combination of both functional management and project management (see Figure 5).
In this way, level 3 can fertilise cross-project learning, as companies often considered
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this as a main obstacle, and hence several learning opportunities from projects to
functions are often missed that could lead organisations to pay a high price for repeating
similar mistakes and missed opportunities (Fisher et al., 1998).

Figure 5 Defined hierarchical levels for the performance measurement framework for PSS
design in the aerospace industry
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4.4 Selection of performance criteria and its indicators

The development and identification of performance indicators for an organisation is
undertaken from the vision, objectives and strategy points of view and on the basis of the
needs and requirements of both the external and the internal stakeholders.

In every design process, designers and engineers are asked to choose among a set of
design alternatives aiming to select the one that best fits with the original intent.
Normally, such information is cascaded down to a set of criteria, which translate the
high-level objectives into tangible parameters. The selection of factors or variables
constituting various performance criteria, such as productivity, effectiveness and
efficiency, is an important step in developing a performance measurement system in an
organisation. In a PSS performance measurement system, there are a number of criteria
or goal functions, which needs to be considered from different stakeholders’ view. These
criteria can be broken down to different PSS development indicators. These PSS
development indicators need to be integrated from operational level to the strategic level.

In this development process of the performance measurement framework, the basic
four perspectives of Kaplan and Norton’s (1996) BSC are considered. In addition, the
perspectives related to service, safety and sustainability, and innovative capability,
culture and environment are considered to make this performance measurement system
balanced and holistic from the organisational point of view. Therefore, the proposed
performance measurement for PSS development is considered and included the following
seven criteria and some indicators for each criterion are listed in Table 1:
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Customer focus-related: Moving towards PSS prompt companies to rearrange their
businesses from a transaction-based to long-term—relationship-based approach to
satisfy the increasingly sophisticated customer needs (Baines et al., 2007).

Process-related: The development of PSS solutions necessarily involves high
interaction and sometimes blurred boundaries between the actors (Windahl and
Lakemond, 2006). This creates a challenging situation for PSS organisations, which
need to be in a permanent evolutionary process to create mutual value with their
partners by adjusting their design and development activities, production capabilities
and organisational structures. Hence, measuring effectiveness of development
processes is significant in the context of PSS.

Finance-related: PSS development adds service aspects into the product design
space, which elevates the need to integrate an extended set of resources,
competencies, activities and relationships related to product and service design
processes from heterogeneous functions and external stakeholders (Isaksson et al.,
2009). This cause companies to invest huge amount of money on collaborative
activities, consultant services and knowledge management solutions.

Service-related: Gaining knowledge from downstream processes, such as operations,
maintenance, remanufacturing and feedback to development activities, could

impact the designing and functionality behaviour of upcoming PSS offerings
(Johnstone et al., 2008). Hence, experience sharing from operational activities to
product development is considered to be critical in PSS practice, since companies are
increasingly challenged to develop and offer value offerings to their customers in a
continuous manner.

Learning and growth-related: Since several lifecycle issues can affect the design
decisions in a PSS context, PSS development requires the tight integration of many
competences in knowing how to deliver seamless offerings to their customers
(Isaksson et al., 2009). This new scenario emphasises the need to leverage the
dynamic learning capabilities of the organisation, extending continuous learning
beyond functional and organisational boundaries.

Safety and sustainability-related: PSS development places higher customer
expectations during service operations (Baines et al., 2007). Customers can expect
quicker responses to their problems owing to their higher interdependent operations
as well as higher safety and security regulations, e.g., passenger safety. Moreover,
sustainability index allows measuring the generic concept of sustainability and turn
the concept into action. It is an index that accounts for renewability and
environmental load. There are numerous definitions and systems of
operationalisation for sustainability (Robert et al., 2002). Ecological footprint
analysis and lifecycle assessment are few to mention.

Innovative capability, culture and environment-related: In a PSS context,

companies need to come up with radical innovations to fulfil their customer needs
(Isaksson et al., 2009). This calls the companies to have innovative culture, mind-set,
innovative capabilities as well as inspiring innovative environments.
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Table 1 The multi-criteria performance measurement framework for PSS development with
derived indicators from the study
Hierarchical Level 1 Level 2 Level 3
levels
Multi- Corporate top Business function Functional and project
criteria Pls management management management

Customer
focus-related

Process-related

Finance-related

Service-related

Learning and
growth-related

Overall company customer
satisfaction index

Customer retention index

Number of new revenue
sharing contracts

Average lead time per
project

Design lifecycle time per
project

ROI (on new technology
development, service
development, trainings, IT
investment in PD)

PD budget/total revenue

PD budget/consultancy cost

Percentage of ROI from
servicing activity

Hours spent on product
servicing

Number of service
specialists

Number of lessons learned
used in different projects

Number of patents (applied
and granted)

Number of PhDs
Number of specialists

Number of radical product
innovations

Customer satisfaction
index per project
Customer collaboration
index per project
Number of projects

started from customer
input

Project lead time/number

of projects
Project design making
time

Redesign project lead
time/number of redesign
projects

PM spent per project
Money spent per project

Consultancy cost per
project

Number of service
personal placed at
customers’ sites

Number of meetings with
customers

Number of product
improvement ideas
considered from
operational phase

Percentage of customer
needs fulfilled

Number of late design
modifications

Time spent at the process
stages and gates

Time spent on project
‘stand-by’

Mean time to redesign
PM spent
Cost for X/total cost

Note: Cost for X =e.g.,
cost for prototyping,
testing, simulation,
redesign service tools, etc.

Number of service aspects
used in ideas screening

Number of lessons

PM spent on collaboration learned considered from

with maintenance
department per project

Number of lessons
learned reused from
operational phases

Number of new
technology development
projects

Number of PhDs per
function

Number of product and
process improvements

Number of new acquired
skills per function

Number of trainees per
function

operational phase

PM from the involvement
of maintenance and
operational personal

Number of innovative
ideas selected for future
development

Number of trainees

Number of lessons
learned captured during
the stage-gates

Number of training
material provided from
projects

Percentage of people
participation in trainings
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Table 1 The multi-criteria performance measurement framework for PSS development with
derived indicators from the study (continued)

ierarchical Level 1 Level 2 Level 3
levels

Multi- Business function Functional and project
criteria Pls Corporate top management management management
Safety and Number of accidents Number of failures due to Number of design failures
sulsttalgablhty- Number of legal cases bad design per project Number of product recalls
relate
Number of ISO Numbe.r of product recalls N mper of initiatives for
certifications per project obtaining ISO certification
Sustainability index lenber fomethods and Number of methods/tools
tools used for used for sustainability
sustainability
Percentage of initiatives
that lead to ISO
certification
Innovative Employment satisfaction ~ Job satisfaction index per Level of autonomy and
capability, index function empowerment in job
cultpre and Job satisfaction index Project satisfaction index Number of employee
environment- . . . : benefits (e romotions
related Working climate index Number of creative &P ’

rewards, supervision,

workshops per project .
PS per proj compensation, etc.)

Number of implemented
innovative ideas/number of Number of creative

proposed ideas environments per function Number of social tools

available for informal
Number of successful social Number of supporting knowledge sharing

tools adoptions per project tools for idea management L
P Per proj £ Number of new social ties

Number of cross-functional Number of f_unctions per project
teams represented in a cross- Number of
functional team umber of prototypes

created

5 Discussion and conclusions

The paper has proposed a balanced, holistic and integrated performance measurement
framework for PSS development projects to assess and analyse performances in a
continuous manner. Using a BSC approach, the paper has explained how manufacturing
companies can develop a performance measurement system, showing the guidelines
for the selection of internal and external stakeholders, hierarchical levels, front- and
back-end needs, criteria and performance indicators. As Kaplan and Norton (1996)
argued, the full potential of the BSC will only be realised if an organisation links its
measures clearly identifying the drivers of the performance. Hence, this study, based on
the corporate vision and strategic objectives, has scaled down the criteria and the
performance indicators in relation with three managerial hierarchical levels specific to
PSS-oriented product development activities.

The framework has been developed considering the challenges for PSS providers.
The three criteria added to the Kaplan and Norton definition of BSC (i.e., service, safety
and sustainability, innovative capabilities culture and environment) aim at enabling the
measuring of performances of service and intangible aspects that are typical of a PSS
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design context. In this way, the framework could make complex development processes
more controllable by managers, extending the benefit of performance measurement in
complex and articulated design processes. In this sense, measuring performances goes
beyond merely reporting what has happened in the past, but can be seen as an instrument
providing indirect indications and guidelines of what is working, and what is not, in the
journey towards the transformation to a more service-intense manufacturing industry.
In this way, the performance measurement framework can serve as a boundary object
between different stakeholders, and as an instrument around which the transition to a PSS
mind-set can be discussed.

Some challenges need to be taken into consideration when adopting a performance
measurement framework in a PSS design context. First, the switch towards providing
PSS is often the result of a radical change in the company strategy, involving new
processes and new actors. Because of the novelty of the processes, the performance
measured at beginning of such innovation might be not satisfactory if a long-term vision
is not adopted. Any new process innovation requires some time to perform as desired,
and the performance measurement framework helps as far as it is used as an instrument to
identify the improvement needed. Instead if it is used only as an evaluator of the
processes, the initial performance might be dissatisfying and thus guide to short-term
decisions.

The framework proposed in the paper, as well as the indicators that populate it, is a
proposal of application in a PSS context. The indicators have been influenced by the
authors’ involvement in the aerospace industry design processes. Those need to be
customised based on the needs of each specific design process or design context, thus the
framework can be considered as a guideline to drive the generation of more detailed and
context-tailored performance measurement approaches. Attention should also be paid in
the trade-off between the complexity of the PM approach and its benefit. The PM
approach should be balanced in the light of the effort that needs to be spent to collect all
the data needed to make it effective.

The proposed performance measurement framework is still at a conceptual level and
would need to be further tested and validated in a real company setting. Future work shall
focus on how to support the flow of information, both internally and externally, to
support a reliable application of the performance management framework in a setting,
such as early development stages, where information may be lacking or difficult to
obtain. Adopting the framework will also require to set up a process granting the
maintenance and the update of the performance management system to grant that the
indicators fits with the evolving objectives of the company.

In conclusion, the paper aims to be a first step into the measurement of design process
performances in a context of conjunct development of product and services. It proposes
the extension of the traditional four dimensions of the BSC approach with three more
criteria to better fit the PSS context. Indicators used are conceptual and defined
accordingly to the authors’ context of research; those should stimulate further discussion
on deriving the performance indicators for PSS development that best fit different
industrial context. The study welcomes researcher from different domains to test the
framework by adopting specifically developed indicators.
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