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ABSTRACT 
Performance measurement is a topic that has received considerable attention 
during the last decades. There are many motives for using performance meas-
ures in a company but perhaps the most crucial one is that they will help to 
improve productivity when used properly. Productivity is of vital importance to 
a company’s ability to compete and make profits over time. A company that is 
not able to efficiently utilise its resources in creating value for its customers 
will not survive in the competitive business environment of today. However, 
the development of fully functional and suitable performance measurement 
systems (i.e. set of measures) has proven to be a very challenging task. This 
research has focused on the last phase of the development of performance 
measurement system, namely the continuous updating of the performance 
measures, which still have not been explored in a satisfactory manner. The 
objective is to investigate and clarify how to evaluate and revise performance 
measurement systems. In order to reach this objective, several obstacles that 
contribute to the complexity of the research area are treated.  

In the beginning, the thesis thoroughly investigates the confusing terminology 
within the field and frequently used terms like productivity, profitability, per-
formance, efficiency and effectiveness are explained. Then, a categorisation of 
ways to measure performance is presented along with advantages and short-
comings of different productivity and other performance measures. Several 
key-factors found to affect the productivity of a manufacturing company are 
also discussed, such as: design of processes and equipment, disturbances and 
losses, management and control, product design, and job design and work or-
ganisation. Much attention is given to the different requirements that perform-
ance measurement systems must fulfil, both on the system level and the meas-
ure level. Finally a method called the performance measurement progression 
map is finally proposed, which has been developed in order to give measure-
ment practitioners a comprehensive guide of how to evaluate and revise per-
formance measurement systems.  

The thesis is concluded with the results from several empirical investigations in 
which the usefulness of the developed method is validated.  

Keywords: Performance measurement, Performance measurement systems, 
Productivity, Evaluation. 
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1 INTRODUCTION AND RESEARCH AREA 

The purpose of this chapter is to describe the background and objective of the 
research detailed in this doctoral thesis. The chapter begins with explaining 
the importance and complexity of two central subjects that this research has 
focused on, namely, productivity and performance measurement. Then, the 
problem area for the research, the objective, research questions and delimita-
tions are described. The chapter is concluded with a disposition of the doctoral 
thesis.    

1.1 The important role of productivity  
The concept of productivity, generally defined as the relation between output 
and input, has been available for over two centuries3 and applied in many dif-
ferent circumstances on various levels of aggregation in the economic system. 
It is argued that productivity is one of the basic variables governing economic 
production activities, perhaps the most important one (Singh et al, 2000). 
Grossman (1993), for example, discusses productivity improvement as repre-
senting one of the key competitive advantages of an enterprise. This is empha-
sised in the following way. 

“Companies need to realize that gains in productivity are one of 
their major weapons to achieve cost and quality advantages over 
their competition.”  

Various authors from different viewpoints in the literature frequently describe 
the importance of productivity. Thurow (1993), for example, looks at produc-
tivity from a wider perspective and claims that productivity is the central long-
run factor determining any population’s average standard of living. This view 
is further supported by Christopher and Thor (1993) who argues that competi-
tiveness, profitability, good jobs, and living standards, depend on productivity. 

                                                      
3 The first time the word productivity was mentioned in a formal sense was probably in the 
article “Analyse de la formule arithmétique du tableau economique de la distribution des dé-
penses annuelles d'une nation agricole (Journal de l'agriculture, du commerce & des finances, 
pp. 11-41)” by Quesnay in the year 1766. 
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While some authors point out that productivity is of profound importance for 
our development of welfare (Sohlenius et al, 2000), others describe productiv-
ity as one of the most important concepts in the field of manufacturing4 (Suh, 
1990). 

In this thesis the concept of productivity is mainly seen from a manufacturing 
company’s perspective, but it is important to point out that all elements of soci-
ety gain from productivity improvement. This is explained by Kendrick (1993) 
who describes how productivity influence the national level to the personal: 

1) At the national level, productivity is a major element of economic 
growth and progress. Improved productivity provides a proportionate 
offset to increases in wage rates and other input prices, thereby reduc-
ing the rate of inflation of output prices, it can also contribute to in-
creased consumption.  

2) At the industry level, above-average productivity growth leads to rela-
tive declines in costs and prices. In domestic and international markets, 
this increases the competitiveness of the firms of the progressive indus-
tries, which consequently tend to grow faster than average.  

3) At the company level, productivity is fundamental to profitability and 
survival. Companies with higher productivity than the industry average 
tend to have higher profit margins. Conversely, below-average levels 
and rates of growth of productivity will ultimately lead to bankruptcy.  

4) At the personal level, increasing productivity in all of one’s activities 
is an important aspect of self-fulfilment. High productivity means bet-
ter job security and might also raise workers salary.   

However, with the pressure of an increasingly global economy, and a business 
environment characterised by complexity, competition, change and uncertainty, 
productivity improvement in a manufacturing company becomes a complicated 
task. Hence, productivity improvement must not just take place throughout the 
supply chain from supplier to customer. It must take place at all levels within a 
company, from individual level through the organisation to company level.  

Unfortunately, this is not always the case. An intimidating observation is that, 
even though productivity improvement is seen as one of the most vital activi-
ties affecting a company’s competitiveness, it is often relegated to second rank, 
and neglected or ignored by those who influence production processes (Singh 

                                                      
4 Manufacturing is in this thesis defined as a subset of the production system. Manufacturing 
can, in more detail, be described as the arrangement and operation of elements (machines, tools, 
materials, people and information) to produce a value-added physical, informational or service 
product.   
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et al, 2000). The initiators of the research presented in this thesis, Kinnander 
and Gröndahl (1999), also support this statement and argue that there are many 
signs that indicate that productivity development within Swedish industry is 
not carried out in a rational manner. First, there have during the last years been 
many examples where companies are solely focusing on the input factor of the 
productivity ratio. Such behaviour can result in that a company becomes ‘ano-
rexic’ (Radnor and Boaden, 2004). In other words, there is a risk that the con-
tinuous cost cutting activities that are deployed for profitability reasons eventu-
ally lead to that companies starve themselves to death.  

Second, we have recently witnessed an increasing trend of outsourcing activi-
ties of production functions to low-wage countries. This trend may be an indi-
cation that many Swedish companies do not consider improvement of produc-
tivity as a natural way to confront profitability problems in manufacturing 
functions. Instead they believe that it is easier to use low-wage labour as a solu-
tion. From a short-term perspective, it is true that outsourcing usually reduces 
labour costs radically. However, the long-term effects of outsourcing are more 
uncertain and outsourcing is, of course, not beneficial to Sweden from a na-
tional level point of view (Grünberg et al, 2004).   

1.2 Productivity improvement  
Considering the important role that productivity plays for a manufacturing 
company, a question that immediately comes to mind is how a company should 
work to be able to improve its productivity in an effective and sustainable way. 
Productivity improvement is a multidisciplinary issue and must therefore be 
addressed from several different angles at the same time. From a holistic point 
of view it is easy to come across many different means that can be used for this 
work. One way to improve productivity in a company could, for example, be to 
focus on the reduction of waste and implement strategies like Just-In-Time 
(JIT) or Lean Production, which makes it possible to use resources more effi-
ciently. Another way could be to introduce new Advanced Manufacturing 
Technologies (AMT)5, which enables a company to manufacture its products 
faster and more effective. Further, due to the more than ever changing market 
conditions a company’s productivity is also highly dependent on having an 
effective and responsive supply chain. In other words, methods such as Supply 
Chain Management (SCM) are necessary to support the improvement of logis-
tics. In addition, a company cannot as well forget the importance of producing 

                                                      
5 The term AMT is here used in a broader sense and includes numerous of new technologies, 
such as high speed machining, laser welding and hydro-mechanic forming of sheet metals.  
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products that are easily manufactured, which can be accomplished by the use of 
tools like Design For Manufacturing and Assembly (DFMA).  

1.3 Productivity improvement and performance 
measurement 
The list of available means for productivity improvement is extensive and the 
best approach for a particular company to improve its productivity will indeed 
differ from case to case. Nevertheless, in this thesis, one of these means has 
been focused in detail, namely the use of performance measures. The choice of 
focusing on this particular research area does not imply that performance 
measurement should be considered to be a better approach for productivity 
improvement than other means. However, as advocated by numerous authors in 
literature (Slack et al, 2001), (Sumanth, 1994), (Drucker, 1974), the use of 
performance measures is indeed an effective way to support productivity im-
provements and research concerning performance measurement is, therefore, of 
vital importance. Further, as described by Wilson (1994), the knowledge in 
performance measurement is still not satisfactory:  

 “Despite the importance of productivity measurement6, useful tools 
are not widely available and are often misunderstood. Such indices 
lack effective, accurate, and sensitive means of measuring the effi-
ciency of operations.” 

As illustrated in Figure 1, performance measurement can be placed as an im-
portant part of a continuous cycle, where productivity development is based on 
the four phases of the productivity management cycle (Sumanth, 1994). 

Productivity measurement

Productivity
improvement

Productivity planning

Productivity
evaluation

 

Figure 1 The productivity management cycle (Sumanth, 1994) 

                                                      
6 Productivity measurement is in this sense used as an older expression for the subject that is 
nowadays referred to as performance measurement. 
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There are also many reasons besides productivity improvement for using per-
formance measures. Drucker (1974), for instance, states the usefulness and 
importance of performance measurement in the following way.   

“Without productivity objectives, a business does not have direction. 
Without productivity measurement, it does not have control.”  

A frequently used argument for the use of performance measures, which cannot 
be ignored, is simply “what gets measured gets attention”. This is even truer 
when rewards are tied to the performance measures. In other words, perform-
ance measures can be used to force an organisation to focus on the right issues. 
Furthermore, performance measurement can be described as an important aid to 
making judgements and to making decisions, since companies can use per-
formance measures to (Parker, 2000):  

• Identify success 
• Identify whether they are meeting customer requirements (unless they 

measure, how do they know that they are providing the products that 
their customers require?) 

• Help them understand their processes (to confirm what they know or 
reveal what they do not know) 

• Identify where problems, bottlenecks and waste exists and where im-
provements are necessary 

• Ensure that decisions are based on facts, not supposition, emotion or 
intuition 

• Show if improvements planned, actually happened 
Lebas (1995) goes even further and state that management could hardly exist 
without performance measurement. Thus, performance measurement helps 
managers to answer five strategically important questions:  

• Where have we been? 
• Where are we now? 
• Where do we want to go? 
• How are we going to get there? 
• How will we know that we got there? 

In addition, Sinclair and Zairi (1995) provide a more detailed summary of the 
importance and need for performance measurements in the following dimen-
sions.  

• Performance measurement supports and enhances improvement 
• Performance measurement can ensure that managers adopt a long-term 

perspective  
• Performance measurement makes communication more precise 
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• Performance measurement helps an organisation to allocate its re-
sources to the most attractive improvements activities  

• Performance measurement is central to the operation of an effective 
and efficient planning, control, or evaluation system 

• Performance measurement can affect the motivation of individuals and 
encourage right organisational behaviour 

• Performance measurement can support management initiatives and 
manage change 

1.4 Problem description 
It is believed within this research that productivity improvement is an essential 
criterion for the competitiveness and success of a manufacturing company. 
Thus, without productivity a company will not be able to compete and will 
therefore not survive in a long-term perspective. It is also believed that per-
formance measurement should be used to support and encourage productivity 
improvement within a company. Many researchers, as shown in the previous 
sections, support these two viewpoints. Nevertheless, before it is possible to 
specify what particular issues this research has explored, it is first necessary to 
make a minor historical retrospect within the field of performance measure-
ment to see what progress it has made since it first appeared.  

1.4.1 The performance measurement revolution 
One could probably say that the field of performance measurement7 was born 
in the early 1900s when the first financial ratios and budgetary control proce-
dures were developed in Dupont and General Motors. These performance 
measures were widely adopted and hardly evolved during the subsequent 80 
years (Neely and Bourne, 2000). As emphasised by Ghalayini and Noble 
(1996), the literature concerning performance measurement has had two 
phases. In the first phase, which went on until the 1980s, the centre of attention 
was performance measurement based on the financial criteria supplied by the 
management accounting system. The second phase started in the late 1980s and 
is still proceeding. During this period of time much has changed within per-
formance measurement and the interest in this field has increased tremen-
dously. Some researchers even refer to this phase as the performance meas-
urement revolution (Neely, 1999). The performance measurement revolution is, 
                                                      
7 The subject performance measurement should in this context not be confused with the analysis 
of work design (time studies) that Frederick Taylor (i.e. the founder of scientific management) 
conducted in the late 1800s.   
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in turn, primarily explained as a result of changes in the world market. In the 
1980s companies in the US began to lose market share to overseas competitors 
who were able to provide higher-quality products with lower costs and more 
variety. To regain a competitive edge, companies not only shifted their strate-
gic priorities from low-cost production to quality, flexibility, short lead-time 
and dependable delivery, but also implemented new technologies and philoso-
phies of production management. The implementation of these changes re-
vealed that the traditional performance measures had many limitations8, such as 
encouragement of short-termism, lack of strategic focus and support of local 
optimisation, and the development of new performance measurement systems9 
was required for success (Ghalayini and Noble, 1996).  

In the late 1980s, the limitations of the traditional way of measuring perform-
ance were clearly known and researchers started to talk about introducing new 
performance measures, such as shareholder value, economic profit, customer 
satisfaction, internal operations performance, intellectual capital and intangible 
assets (Neely and Bourne, 2000). Performance was no longer solely a financial 
issue. However, it should be noted that the new performance measures were 
still just designed to supplement the pre-existing financial measures. 

In the early 1990s, more extensive conceptual performance measurement 
frameworks emerged (e.g. Balanced Scorecard, Performance Pyramid). Sud-
denly researchers focused on the development of balanced and integrated, 
rather than piecemeal, performance measurement systems. These new frame-
works placed emphasis on non-financial, external and future looking perform-
ance measures. As emphasized by Bitichi (1994), the objective with the new 
frameworks was to encourage a proactive management style rather than a reac-
tive.  The conceptual performance measurement frameworks were then fol-
lowed by the development of management processes specifically designed to 
give practising managers the tools to develop or redesign their performance 
measurement systems (Bourne et al, 2000).  

Today researchers have recently realised that the concept of multiple stake-
holders has increased in importance. Companies can no longer be satisfied with 
only considering shareholders and customers. Employees are also seen as im-
portant stakeholders; as are suppliers, regulators and the community at large 
and these stakeholders need to be incorporated into the performance measure-
ment system (Bourne et al, 2003). This concept may not be a completely new 

                                                      
8 Limitations of traditional performance measures will be discuss in depth in chapter 4.  
9 The term ‘performance measurement system’ can in short defined as ‘a set of performance 
measures’. A more detailed description of the term can be found in the beginning of chapter 4. 
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idea, but the way to incorporate other stakeholders into the performance meas-
urement systems is significantly more sophisticated than previous efforts.    

In conclusion, the changes that have occurred during the performance meas-
urement revolution can, as described in Table I, be summarised into changes in 
five major elements: focus, dimensions, drivers, targets and desired benefits. 
These changes have over the years resulted in that traditional performance 
measurement been replaced by balanced performance measurement and are 
now striving towards complete corporate performance measurement.  

  

Changes in  Traditional  
performance 
measurement 

Balanced perform-
ance measurement 

Corporate performance  
measurement 

Focus Internally focused Internally and externally 
focused 

Focused on the need of relevant 
stakeholders 

Dimensions Single dimension Multi dimensional Less focus on dimensions and 
greater emphasis on assumptions 
and links across dimensions 

Drivers Cost Innovation and learning Improving process capabilities 
through the development of un-
derpinning resources 

Targets Financial Financial and non-
financial 

Comparative – external and 
against the competition 

Desired benefits Cost control Communication of 
strategic direction 

Sustainable performance im-
provement through focused busi-
ness process improvement 

Table I Summary of changes in performance measurement (Bourne et al, 2003) 

1.4.2 Obstacles to overcome in performance measurement 
Performance measurement is a complex issue that incorporates at least three 
different disciplines: economics, management and accounting (Singh et al, 
2000). Evidently, in order to choose appropriate performance measures to ana-
lyse and improve productivity many aspects must to be considered. The choice 
of a suitable measurement technique or collection of techniques depends for 
example on aspects like:  

• The purpose of the measurement  
• The level of the measurement 
• The level of detail required 
• The time available for the measurement 
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• The existence of available predetermined data 
• The cost of measurement 

To some extent there is a trade off between some of these aspects. For example, 
techniques that can be implemented quickly may provide fewer details. Fur-
thermore, since these aspects will differ significantly between different compa-
nies, it is easy to recon that a performance measurement system that is suitable 
for one company will probably not be suitable for another company. It is, 
therefore, vital that a company creates its own unique performance measure-
ment system, which fulfils the company’s specific needs.    

However, the development of fully functional and suitable performance meas-
urement systems has proven to be a challenging task (Maoochehri, 1999). In 
this research, several major obstacles have been identified that contribute to the 
complexity of designing performance measurement systems, including that:   

• The terminology within the field of performance measurement is not 
clear. 

• The amount of existing performance measures to select among is huge. 
• Numerous factors affect the productivity of a company as well as the 

decision of what performance measures to use.  
• There are lots of requirements that a performance measurement system 

should fulfil. 
The first obstacle all measurement practitioners must deal with is that the ter-
minology within the field of performance measurement is not clear and fre-
quently used concepts like productivity, efficiency and performance are there-
fore most often misused and confused with each other. In industry, for exam-
ple, many managers often talk about how important it is to improve productiv-
ity; however, when they are later asked to explain in detail what they mean by 
the concept of productivity, their answers are vague and usually not even asso-
ciated to the general productivity ratio of output and input. Not seldom they 
start to refer to cost cutting activities or other terms with similar meanings like 
profitability or efficiency (Tangen and Johansson, 2000), (Tangen, 2002c). 
Furthermore, as pointed out by Koss and Lewis (1993), there appears to be a 
resistance to even addressing the simple question “What do we really mean by 
productivity?”. One could believe that the terminology confusion is a problem 
that mostly can be found in industry; however, by studying the literature within 
this field one soon realises that these terms are poorly understood in academia 
as well. Nevertheless, if we do not fully understand what productivity and per-
formance mean, how can we truly know what action to take to improve our 
companies and ourselves? How can we verify that counter-productive decisions 
are not taken? How can we decide what performance measures that are appro-
priate to use? How can we interpret them correctly? How can we communicate 
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without misunderstanding each other if we do not use the same language? Evi-
dently, this obstacle leads to many questions and makes it necessary to further 
investigate and emphasise the basic meaning of the existing terms within this 
field. 

The second obstacle, when it comes to designing a performance measurement 
system, is simply the fact that the number of existing performance measures to 
select among is huge. This fact may seem as a solely positive aspect, since it 
gives the measurement practitioner many different possibilities to design a 
unique performance measurement system. However, from a practical point of 
view, there is often no obvious way to select between these performance meas-
ures and the huge amount of them has caused much uncertainty (Medori and 
Steeple, 2000). Even though different performance measures have been created 
to fulfil different needs, it is not clear what performance measure that should be 
used in what situation. Unfortunately, the question of what performance meas-
ures to use has also become confusing considering that proponents of any one 
particular form of measurement are keen to stress the advantages of the per-
formance measures they propose, but at the same time much more reluctant to 
discuss its disadvantages or to highlight situations under which they may not be 
appropriate. Despite that numerous of conceptual frameworks of performance 
measurement design can be found in the management literature, measurement 
practitioners are offered little practical guidance when trying to decide what 
performance measures that are suitable for their company’s specific needs 
(Tangen, 2003d). Since each performance measure has strengths and weak-
nesses, it is important to explore what situations frequently used performance 
measures are suitable for, instead of searching for a perfect performance meas-
ure that is applicable to all situations.   

The third obstacle is that a performance measurement system must be designed 
in accordance to numerous of case-specific factors. Every company must deal 
with its own unique environment and the most important key-factors that affect 
companies’ productivity vary to a great extent. These factors are in turn interre-
lated to each other and change over time, which makes analysis and measure-
ment a complex and confusing task. However, it is very important that key-
factors within a company are identified so that the most suitable performance 
measures for the company can be selected.  

The final obstacle is that there are lots of requirements that the measurement 
practitioner wish to fulfil when designing a performance measurement system. 
For example, its is usually emphasised that a performance measurement system 
must support the company’s strategic objectives. It should also be focused on 
short-term and long-term results. Furthermore, the information from the per-
formance measurement system should be easy to retrieve and to understand. It 
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is also desirable that both financial and non-financial performance measures are 
used. Many requirements are in turn not always compatible with each other, 
which makes compromises unavoidable. An example of this problem is that 
performance measures, on the one hand, should be designed to be as exact as 
possible, which may result in a very complex formula. On the other hand, per-
formance measures should be easy to measure and easy to comprehend, which 
apparently are two arguments for using simple formulas.       

There are, of course, also other obstacles to overcome before a company can 
design a fully functional and suitable performance measurement system, which 
will be treated further on in this doctoral thesis.    

1.5 Scope of the thesis 
According to Bourne et al (2000), the development of a performance measure-
ment system can be divided into three main phases (also illustrated in Figure 
2): 

Phase 1. The design of the performance measures 
Phase 2. The implementation of the performance measures 
Phase 3. The use of the performance measures 

The first phase, the design of the performance measures, can be subdivided 
again into identifying the key objectives to be measured and designing the 
measures themselves. There is a strong consensus among researchers in this 
field that performance measures should be derived from strategy. In other 
words, this phase often begins with defining important strategic objectives of 
the company, which are later broken down to more concrete key objectives to 
be achieved on minor levels in the company. Then, the actual performance 
measures are designed in accordance to the key objectives.       

The second phase, the implementation of the performance measures, is defined 
as when system and procedures are put in place to collect and process the data 
that enable the measurements to be made regularly. This may involve computer 
programming to trap data already being used in the system and present them in 
a more meaningful form. It may involve initiating new procedures, so that in-
formation currently not recorded is captured and it may involve completely 
new initiatives (Bourne et al, 2000).  
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Figure 2 Phases in developing a performance measurement system (modified 
from Bourne et al, 2000).  

The third phase, the use of the performance measures, is split into two main 
subdivisions. First, as the measures are derived from strategy, the initial use to 
which they should be put is that of measuring the success of the implementa-
tion of that strategy. Second, the information and feedback from the measures 
should be used to challenge the assumptions and test the validity of the strat-
egy. Therefore, “assessing the implementation of strategy” and “challenging 
the strategic assumptions” are two main subdivisions of the use of the perform-
ance measures (Bourne et al, 2000).  

It is also important to remember that strategies usually change over time and 
when a strategy change the performance measurement system must change too 
(Tangen, 2004d). As illustrated in Figure 1.3, there are other activities when 
developing performance measurement systems besides these three phases, 
which are represented by the arrows in the figure. Together these arrows con-
stitute another important phase that must not be forgotten:  

Phase 4. The continuous updating of the performance measures.  
This phase includes at least four different activities:  
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1. The targets and standards within the performance measurement sys-
tem must be reviewed and revised when necessary (Ghalayini and No-
ble, 1996). 

2. The individual performance measures must be further developed when 
circumstances change (Maskell, 1989), (Dixon et al, 1990). 

3. The complete set of performance measures must be periodically re-
viewed and revised (Wisner and Fawcett, 1991), (Dixon et al, 1990). 

4. The information and feedback from the performance measurement sys-
tem should be used to challenge the assumptions and test the validity 
of the strategy (Bourne et al, 2000).     

1.5.1 Objectives  
Given the insight that productivity plays a vital role in a manufacturing com-
pany and the difficulties of designing useful performance measures to support 
productivity improvement, the aim of this research is to develop new tools for 
designers developing performance measurement systems. However, since nu-
merous of researchers are currently working within this field it is necessary to 
specify the objective of this research more thoroughly. Most of the recent aca-
demic and practitioner activities have focused on the early stages of the devel-
opment of the performance measurement system, the conceptual frameworks 
and processes for designing the performance measures. There are few longitu-
dinal studies of the implementation and continuous updating of performance 
measurement systems (Bourne et al, 2000), (Kuwaiti, 2004), (Kennerley and 
Neely, 2003). The intention of this research has therefore been to focus on the 
last phase of the development of performance measurement system, which has 
in the previous section been described as the continuous updating of the per-
formance measures.  

The main academic objective of this doctoral thesis is:  
“To investigate and clarify how to evaluate and revise performance 
measurement systems.”  

However, since an important aim of the main research project10, which this 
research participates in, has been to produce research results that are directly of 
interest to the industry, a more concrete industrial objective has as well been 
specified: 

“To develop a systematic method that can assist measurement prac-
titioners to evaluate and improve the performance of performance 
measurement systems.” 

                                                      
10 The main research project is described in section 2.1. 
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In other words, the method should help when necessary to update performance 
measurement systems, so that they reflect valid strategies and give managers 
and other employees enhanced data for decision-making concerning productiv-
ity improvement. Such a method should identify strengths and weaknesses in 
the current performance measurement system and propose how to develop, 
revise and re-focus its performance measures and targets as well as how infor-
mation is retrieved from the system.  

1.5.2 Research questions 
In order to reach the academic and the industrial objective, the following main 
research questions based on the problem description in section 1.4 have been 
formulated to guide the conducted research.   

RQ1. What common terms and concepts are used within the field of per-
formance measurement and how can they be defined and related to 
each other?  

RQ2. How can performance measures be categorised and what main theories 
exist on performance measurement system design? 

RQ3. What general key-factors influence the productivity of a manufacturing 
company and how should they be considered when selecting perform-
ance measures?   

RQ4. What requirements should a performance measurement system fulfil 
and how can the performance of the performance measurement system 
itself be evaluated and improved? 

1.5.3 Delimitations 
Productivity is a large topic that covers several interdisciplinary areas ranging 
from national economics, production economics and industrial organisation to 
ergonomics and general understanding of manufacturing and manufacturing 
systems (Kinnander and Gröndahl, 1999). This has resulted in that productivity 
in this work has been studied from both a general point of view as well as a 
detailed one. However, the research has been focused to reflect the main issues 
and problems of productivity that can be found in the manufacturing industry.   

Different performance measures are used at different levels for various pur-
poses. The research has been limited and concentrated on performance meas-
ures up to company-level (see section 1.1). The research is focused on per-
formance measurement for improvement and analysis in existing manufactur-
ing systems and does not include performance evaluation of the design of new 
manufacturing systems.  
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When it comes to measuring productivity, which is a part of the subject per-
formance measurement, more advanced techniques that are used by economists 
such as linear programming techniques (for example Data Envelopment 
Analysis) or econometric productivity models (see Sing et al, 2000) have not 
been studied. The work has instead been targeted on different forms of index 
performance measures since they are more applicable in the manufacturing 
industry.  

The research does include studies on various theories of performance meas-
urement system design. However, the method that has been developed is not to 
be used as a tool for designing new performance measurement systems from 
scratch. Furthermore, the thesis focus on basic theories in order to develop a 
method that rather points out directions than provides detailed plans on how 
specific problems should be solved. The method provides rough guidelines but 
it also requires creativity from its user to solve specific problems. 

The success of new performance measures is highly dependent on that they are 
implemented in an effective way. However, this issue will not be addressed in 
this thesis, mainly due to the fact that it could be a large research field in itself. 
In other words, the question of how to implement measures would probably 
generate enough input to create many other research projects.    

1.6 Disposition 
This doctoral thesis is structured in four areas: 

1) A research problem description 
2) A description of what has been done by others to address, manage or 

solve the specified research problem 
3) A description of a solution to the specified research problem  
4) An evaluation of the suggested solution 

As shown in Figure 3, the doctoral thesis consists of four parts, where each part 
represents one of the four areas described above. Each part is also divided into 
individual chapters. In conclusion, it should be mentioned that much of the 
content of part I and II has earlier been published as a licentiate thesis (Tangen, 
2002b). 
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1 Introduction and research area 

This chapter provides the reader with an understanding of the importance and complex-
ity of the problem area the research has dealt with. It also presents the objectives, 
research questions, and delimitations.  
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2 Research approach 

In this chapter the research is presented from a scientific perspective. It describes and 
motivates the research approach that has been adopted in order to answer the research 
questions and to meet the objectives.  

3 Concepts and glossary of terms  

In order to design suitable performance measures, it is first necessary to understand the 
many concepts used within this subject. The chapter discusses the confusion surround-
ing the subject and a terminology that has been used in this thesis is described.     

4 Existing performance measures  

This chapter presents different types of performance measures and how they can be 
categorised. Some of the more frequently used performance measures are reviewed in 
detail. Various design theories on performance measurement systems are also dis-
cussed. 
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5 Key-factors influencing productivity  

In this chapter manufacturing in general is discussed and possible key-factors driving 
productivity in a manufacturing system is emphasised. 

6 System level criteria   

This chapter explores the design of performance measurement systems and presents 
important requirements to fulfil on the system level.   

7 Measure level criteria 

In this chapter, the design of individual performance measures is discussed and some 
important requirements to fulfil on the measure level are presented.   Pa
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8 How to evaluate and revise a performance measurement system 

This chapter is devoted to a method called “the performance measurement progression 
map”, which has been developed to reach the objective of the doctoral thesis. 

9 Survey and case studies  

In this chapter, the results from several empirical studies undertaken in the Swedish 
industry are presented.  
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10 Discussions and conclusions 

This final chapter begins with a summary of the most important results from this re-
search. Then, the doctoral thesis is critically reviewed with focus on whether the objec-
tives are met or not. Finally, areas for further research are suggested. 

Figure 3 Structure of the doctoral thesis 
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2 RESEARCH APPROACH 

In this chapter, the research is presented from a scientific perspective. The 
research approach that has been adopted in order to answer the research 
questions and to meet the objective is described and motivated. The research 
methods used in this work are as well described and discussed 

2.1 Research context 
The research presented in this doctoral thesis is a part of a research project 
called Productivity development in manufacturing systems11. This research 
project was initiated in order to change the current view of productivity as well 
as to develop new methods of how to control, measure and improve productiv-
ity (Kinnander and Gröndahl, 1999). The research project was formed with the 
following research institutes and industrial participants in January 2000: 

• WoxénCentrum at The Royal Institute of Technology (KTH) 
• Department of Production Engineering at Chalmers University of 

Technology (CTH) 
• Department of Mechanical Engineering at Linköpings University of 

Technology (LiTH) 
• Industrial companies12: ABB AB, Ericsson Radio Systems, Posten AB, 

Scania AB, SKF AB, Solme AB, Volvo AB 
Three major aims have been specified within the research project:  

• To identify key-factors that affect productivity 
• To develop guidelines for choosing performance measures that can be 

used to analyse productivity 
• To develop tools and methods for productivity improvement in manu-

facturing systems 
The main project is structured as a series of smaller, related sub-projects, where 
each sub-project has its own aims and deliverables. Nevertheless, it should be 
noted that the research of the sub-project presented in this thesis has been in-
fluenced by results and findings from the other four sub-projects: 

                                                      
11 Project description can be found in (Tangen and Grünberg, 2003) and (Tangen et al, 2004).   
12 Over time, some of these industrial companies have left the project and others have joined.  



 

20 

• Discrete event simulation - a strategic approach to performance en-
hancement in manufacturing systems (Johansson, 2002a). 

• Performance improvement - towards a method for finding and prioritis-
ing potential performance improvement areas in manufacturing opera-
tions (Grünberg, 2003).  

• Product introduction within extended enterprises (Johansen, 2002). 
• Identification of productivity relationships for improving performance 

in cellular manufacturing systems  (Nordell, 2003).   
Furthermore, this sub-project has mainly dealt with the second aim of the main 
research project.    

2.2 Science and engineering 
Research can be defined in several ways, for example, as a systematic and 
methodological search for knowledge and new ideas or as producing knowl-
edge and relating theory to reality. Unfortunately, it is not possible to give a 
unified unambiguous definition of what research should actually considered to 
be. It is also believed that this research would not contribute to such a discus-
sion and an attempt to define the term will not be made. Research covers nu-
merous topics and many definitions have in turn been developed in order to 
serve the specific needs of the specific research topic. However, since it is im-
portant to help the reader to understand and interpret the research results of this 
work in their intentional meaning, a description of the author’s view on re-
search is provided in this chapter.   

When performing research within the field of manufacturing, one should first 
be aware of the differences between science and engineering. These differences 
are often explained in the following way (Braha and Maimon, 1997). 

• Engineers are concerned with how things ought to be (normative as-
pects), while nature science concerns itself solely with how things are 
(the descriptive aspects).   

• Engineering is concerned with synthesis while natural science is con-
cerned with analysis. 

• Engineering is creative, intuitive and spontaneous while natural sci-
ence is rational and analytic. 

The research presented in this doctoral thesis aims directly at the practical ap-
plicability of results, and belongs therefore to the field of applied engineering 
science. Such science can, as illustrated in Figure 4, be seen as the link between 
the natural science and the art of engineering. Applied science has not always 
been accepted as a true science. Nevertheless, this link between the academia 
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and industry is necessary, since research results produced by the natural sci-
ences are general in nature and therefore often too abstract to be used directly 
in engineering. The aim of applied sciences is to apply the knowledge of how 
things are to knowledge of how to solve a certain category of problems (Peters-
son, 2000). Basic relationships provided by the natural sciences form a founda-
tion from which researchers in applied sciences are working. However, a major 
difference between these two categories of sciences it that applied sciences aim 
at practical usefulness of research results, while the natural sciences aim at 
finding true explanations.  

Industry

Academia

Degree of
generality

Natural
sciences

Number of active
practitioners

Engineering

Applied sciences
in the area of
technology

 

Figure 4 Applied engineering science as the link between natural sciences and 
engineering (Petersson, 2000) 

Moreover, within applied science the combination of the two aspects of scien-
tific validity and industrial relevance is of vital importance (Wiktorsson, 2000). 
Sohlenius (1990) describes a researcher within applied sciences as the engi-
neering scientist:  

“The engineering scientist analyses what is, images what could be, 
creates what has never been and analyses the result of the creation – 
for the benefit of mankind” 

Ejvegård (1991) add that all scientific work must fulfil three criteria. It must be 
based on facts, be objective and have an appropriate balance. These are three 
important criteria. However, the objectivity criteria has in this research been 
interpreted as that the researcher must have an open attitude and be able to 
embrace results that may not support his theories, since one could argue that no 
observation can be regarded as objective in the meaning that it stands free from 
all pre-assumptions. Observations are always set-up, carried out and interpreted 
in the light of the researcher’s background (i.e. pre-understanding) (Popper, 
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1959). The last criterion balance means that the research should strive to treat 
all issues to a proper grade of detail (Ejvegård, 1991).   

Studies within the manufacturing and management area usually have a more 
qualitative nature than a quantitative. An advantage that the qualitative ap-
proach has compared to the quantitative approach is that it considers the en-
tirety in a way that is not possible in quantitative research. Quantitative meth-
ods, on the other hand, have the advantage of giving an objective measurement 
of the probability that the result is true. Qualitative research methods often 
contain interviews and observations and it is possible that the researcher has to 
change methods during the project during its implementation (Gunnarsson, 
2001). 

2.3 Research methods and strategies 
In order to be successful when performing research it is essential to select ap-
propriate research methods. Nevertheless, as emphasised by Barnes (2001) any 
research method inevitably has both advantages and disadvantages, and there is 
unlikely to be one best way of approaching the task. Furthermore, as shown in 
Figure 5, it is important to keep in mind that the choice of research method may 
affect the result in several ways, either directly by having effect on the result or 
indirectly by influencing the data analysed (Ejvegård, 1991). 

Problem

DataMethod

Research result

1.

2.

3.

4.

5.

1. The choice and description of the problem
    affects the result of the research
2. The choice of data affects the result of the
    research
3. The choice of data affects the method
4. The choice of method affects the result of
    the research
5. The choice of method affects the data

 

Figure 5 The method affects the research result (Ejvegård, 1991) 

There are a number of different research methods (i.e. research strategies) to 
follow while doing a research study within applied sciences. Yin (1994), for 
instance, distinguishes five different research strategies (see Table II): experi-
ment, survey, archival analysis, history and case study. Which one to use is not 
always obvious, but in general it depends on three conditions:  

• The type of research question posed 
• The extent of control an investigator has over the actual behavioural 

events 
• The degree of focus on contemporary as opposed to historical events 
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Strategy Form of research ques-
tion 

Requires control over 
behavioural events? 

Focus contemporary 
events? 

Experiment how, why yes Yes 

Survey who, what, where,  
how many, how much 

no Yes 

Archival analysis who, what, where,  
how many, how much 

no yes / no 

History how, why no no 

Case study how, why no yes 

Table II Relevant situations for different research strategies (Yin, 1994) 

Considering Table II and the formulated research questions in section 1.5.2, it 
becomes clear that surveys and case studies can be useful research strategies 
within this research.  

2.3.1 Research methods used in this work 
Literature research  

An essential part of performing scientific work is finding relevant and scientific 
proof in literature. Usually, literature research is an ever-going activity 
throughout the research, but the most extensive efforts in this area is probably 
made early in a research project. Routio (2004) states that the purpose with the 
literature research is mainly to clarify the problem and to see what others at-
tempts have been like. An important note is that a literature review should be 
considered to be a mean to an end, and not (as most students think) an end it-
self. In contrast, experienced investigators usually review previous research to 
develop sharper and more insightful questions about a topic (Yin, 1994). 

Much of the research presented here is, indeed, based on the literature research 
approach; especially part I and II of the thesis. This is natural, since these two 
parts constitute a thorough problem description and a frame of reference in 
which previous research is reviewed to create a solid theoretical foundation as a 
starting point. The studied literature includes books, research papers and jour-
nal articles as well as articles in other printed media and on the Internet. In 
addition, the retrieved information from literature has always been used accord-
ing to its scientific value.  
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Case study research 

Case studies are usually conducted when the researcher wants to study few 
objects for numerous considerations (Gummesson, 1991). A case study is an 
empirical study that investigates a contemporary phenomenon within its real-
life context when the boundaries between the phenomenon and context are not 
clearly evident and in which multiple sources of evidence are used (Karlsson, 
2002).  

According to Yin (1994), a case study usually contains of three main phases: 
• Define and design 
• Prepare, collect and analyse data 
• Analyse and conclude results 

All relevant case studies that have been conducted during this research and 
their results are described in detail in chapter 9.  

Surveys 

The goal with a survey is more general as well as the sought answers are of a 
wider nature than with case studies. Surveys may both include structured inter-
views and formal questionnaires. In this case, an interview survey has been 
conducted in the beginning of the project to specify the problem (section 9.1). 

2.3.2 A dual scientific procedure for applied research 
In this work, where the research aims directly at the practical applicability of 
the results (i.e. a method for evaluation and revision of performance measure-
ment systems), it is important to get consistency between theoretical models 
and observations in the industrial field. From an overall point of view, the re-
search aims to follow a dual scientific procedure suggested by Jörgensen 
(1992) (Figure 6). This procedure combines a practical, problem-based ap-
proach and a theory-based approach.  

According to this procedure, the process of research can be described as an 
ongoing iterative process of analysis and synthesis both in the practical and 
theoretical area (Jörgensen, 1992). The terms analysis and synthesis come from 
(classical) Greek and mean literally “to loosen up” and “to put together” respec-
tively. These terms are used within most modern scientific disciplines to denote 
similar investigative procedures. In general, analysis is defined as the procedure by 
which we break down an intellectual or substantial whole into parts or components 
so its organisational structure may be understood. This may include the identi-
fication of the parts, examination of the relationships between parts, and recog-
nition of organisational principles involved. Synthesis is defined as the opposite 
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procedure: to combine separate elements or components in order to form a coher-
ent whole. Ritchey (1991) states that analysis and synthesis, as scientific methods, 
always go hand in hand; they complement one another. Every synthesis is built 
upon the results of a preceding analysis, and every analysis requires a subsequent 
synthesis in order to verify and correct its results. In this context, to regard one 
method as being inherently better than the other is meaningless. 

Analysis
Discovery of stuctures,

causalities,empirical
relationships, etc.

Analysis
External consistency,

usability, etc.

Synthesis
Construction of

structures, internal
consistency, etc.

Synthesis
Solution generation,

calculation of
consequences, etc.

Diagnosis

New scientific
results

New scientific
results

Knowledge, transfer, adaptation of methods,
 implementation etc.

Practical results

Model

Practical area Theoretical area

Problem basis Theory base
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Figure 6 A procedure for applied research in which attention is focused on the 
interplay between theory and practice (Jörgensen, 1992) 

2.3.3 Description of the research  
The objective of this research has been approached (both in theory and prac-
tise) according to the steps in Figure 7. As illustrated in the figure, the research 
was initiated by an industrial survey (fully described in section 9.1) and an 
overview of the performance measurement and productivity literature. This in 
turn resulted in that a highly topical research problem was identified. The prob-
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lem was later defined into four specified research questions and an academic as 
well as an industrial objective.   

Empirics Theory Results

TIME

Survey
Literature
research

(overview)

Discussions
with industry

Analysis and synthesis

Analysis and synthesis

Analysis and synthesis

Analysis and synthesis

Literature
research
(targeted)

Literature
research
(targeted)

Case study
(reference)

Case study
(validation)

Discussion
with academia

(validation)

Problem definition
RQ1-4, Objectives

Frame of reference
Answers to RQ1-3

Proposed solution
Answers to RQ4

Validated solution
Fulfilled objectives

 

Figure 7 The conducted research in more detail 

Based on the problem description three major literature research studies were 
conducted in which each study was targeted against a particular area within the 
literature highly related to one of the research questions, namely:  

• The performance terminology  
• Existing performance measures and conceptual frameworks 
• Factors influencing productivity 

It should be noted that these studies were performed in parallel with several 
discussions with people in industry in order to be able to interpret their results 
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more clearly. Finally, a frame of reference concerning the RQ1-3 could be de-
scribed.  

Given the frame of reference, the centre of attention turned to the last research 
question and two additional literature research studies was performed. The first 
was mainly targeted at specifying important requirements that a performance 
measurement system should fulfil on the system level, while the second dealt 
with requirements on the individual measure level. Two explorative case stud-
ies (see sections 9.2-3) focused on investigating existing performance measures 
in practise were also carried out, which served as a reference to the literature 
studies. The final outcome from this part of the research was a proposal of a 
solution to the specified problem in form of a method that describes several 
steps to take when evaluating and revising a performance measurement system.     

The final part of the research primarily dealt with the question of how to verify 
the validity of the proposed solution. This was done both by a case study, 
where the developed method was used in practise, and by discussion with the 
academic community (e.g. publications, seminars and scientific advisory 
group-meetings).    

2.4 Validity and reliability 
Research results should be validated to ensure that they are reliable and useful. 
Unfortunately, validity and reliability is difficult to prove within qualitative 
research and is primarily of theoretical nature, since it often has a low repeat-
ability. Due to the nature of this research, theoretical reasoning and practical 
insights indicating consequences to certain actions will mainly support the 
research result and the conclusions presented in this doctoral thesis. Further-
more, in natural science it may be possible to find a cause to a certain result. 
However, when dealing with systems (such in this case: performance meas-
urement systems) causal relationships are rare and there are usually many ways 
to reach a desired state. The main result of this research (i.e. a method) will 
therefore not be claimed to be the best or the only way to evaluate and improve 
the performance of a performance measurement system.      

Olesen (1992) suggest that research results should be evaluated with respect to 
five aspects. If the research result satisfies all five criteria, then it is possible to 
view the results as valid with quite good accuracy: 

• Internal logic: the results are based on known and accepted theories 
and there is a connection between the startling point, hypotheses and 
the result. 
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• Truth: the theoretical and practical result can be used to explain “real” 
phenomena. 

• Acceptance: other researchers accept the theories used in the project 
and professionals use tools based on the theory. 

• Applicability: the use of the tools allows the probability for success to 
increase with repeated use. It will not necessarily lead to success every 
time, but will over a period of time give better result than if not used. 

• Novelty value: new solutions are presented, or that new ways of look-
ing at a problem are introduced. 

These five criteria can be used as a platform when discussing the validity of the 
research result. 

Considering the first criterion (internal logic), a major part of the research re-
sult has a theoretical nature and is a direct outcome from established theories 
found in literature. Research questions have been formulated based on a prob-
lem description that has its origin both in theory and in practise. The choices of 
theories that have been studied as well as the new theories that have been de-
veloped are influenced by the research questions. Moreover, several courses 
have also been taken in order to develop a solid understanding regarding the 
accepted theories the research is based on (see Appendix 1).  

When it comes to the second criterion (truth) it becomes more difficult. This 
criterion has mainly been validated through theoretical and logical reasoning 
regarding the research result. Thus, it is not possible to prove that the result 
precisely corresponds to reality, since the performance of a performance meas-
urement system cannot be compared to an exact norm.  

The third criterion (acceptance) is perhaps the criterion that has been ap-
proached the most. This has been done in several ways, for example, through 
discussions with people in industry and researchers, through publications (see 
section 2.4.1) and through scientific evaluations (see section 2.4.2).  

The fourth criterion (applicability) has been tested to a minor degree by several 
case studies conducted in an industrial environment (see chapter 9).   

The final criterion (novelty value) is rather difficult to achieve considering the 
enormous amount of research that has been done in the field of performance 
measurement during the last two decades. However, some of the approaches 
that can be found in the developed method are new or in any case rare. First, 
from an overall point of view the research has contributed to more knowledge 
in a field that is clearly not explored to a larger extent, namely the last phase 
when designing performance measures (see section 1.5). Second, the method 
focuses on improving existing performance measurement systems in companies 
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rather than designing new ones, which usually is the case. To divide perform-
ance measurement requirements (opposite to see them as a whole) into system 
level criteria and measure level criteria is also rather unique. Finally, the new 
result is given for the actual selection of the measures.   

2.4.1 Earlier publications 
During the four years that this research has been conducted, many earlier pub-
lications13 of various kinds have been written, including international journal 
articles, conference papers, a licentiate thesis, numerous articles in Swedish 
journals and Woxénreports14. It should be mentioned that most of the content in 
these earlier publications has directly been incorporated into this doctoral thesis 
with and sometimes without reference to the original material (see Table III). 
The motive for making these publications has mainly been to transfer results 
from the conducted research to the research community as well as to the indus-
try. The earlier publications have also served as a constructive way to increase 
the validity of the performed research, considering that they have enabled other 
people working in the same field, both in theory and in practise, to evaluate and 
make valuable comments on the ongoing work. Most articles that are submitted 
for publication must also go through an extensive review before they can be 
accepted (or rejected). In other words, the research presented in an article will 
not be published unless experts in that particular field estimate that the research 
results are valid.   

                                                      
13 See the chapter “List of publications” in the beginning of the doctoral thesis  
14 A common way to transfer results from research projects in the WoxénCentrum to the Swed-
ish industry is to publish Woxénreports. These reports are delivered to all the industrial partners 
within the centre and also available through WoxénCentrum’s webpage.     
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Chapter in  
the doctoral thesis 

Contents  
related to 

Results earlier published  
according to  

Chapter 1 
 

Project description [2], [5], [16], [21], [22], [23], [24] 

Chapter 2 
 

Research approach [2], [24] 

Chapter 3 
 

RQ1 [2], [3], [4], [5], [6], [13], [15], [23] 

Chapter 4 
 

RQ2, RQ4 [1], [2], [3], [7], [10], [13], [14], [16] 

Chapter 5 
 

RQ3 [1], [2], [9], [11], [13], [16] 

Chapter 6 
 

RQ4 [8], [14], [17] 

Chapter 7 
 

RQ4 [8], [18] 

Chapter 8 
 

RQ4, Objective [17], [18], [24] 

Chapter 9 
 

Case studies [3], [4], [18], [20] 

Chapter 10 
 

Discussion  

Table III Earlier publications and their relations to this doctoral thesis 

2.4.2 Scientific Advisory Group evaluations 
This research has also been presented and evaluated at several Scientific Advi-
sory Group (SAG)-meetings, both through PROPER (on four occasions: may-
2000, mars-2001, mars-2002 and dec-2003) and through WoxénCentrum (on 
three occasions: may-2001, june-2003 and dec-2003). During these meetings a 
SAG-committee (consisted of two or three professors from Universities outside 
Sweden) have received a 5-page written project-description as well as a 20 min 
verbal presentation (including Q/A) focused on the research’s objective, scope 
project approach, contribution and achieved results (Tangen, 2000), (Tangen, 
2001), (Tangen, 2002d), (Tangen, 2003c).  
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Part II 

FRAME OF REFERENCE  
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3 CONCEPTS AND GLOSSARY OF TERMS 

In this chapter, some of the most frequently used terms15 and concepts within 
the field of performance measurement are explained and discussed. The chap-
ter starts with a thorough discussion of the ambiguous term productivity; a 
term which meaning have caused much debate over two centuries. Then, simi-
lar concepts like profitability, performance, efficiency and effectiveness are 
treated. Finally, the chapter is concluded with a model that explains how these 
concepts in performance measurement could be linked to each other.   

3.1 Productivity 
The meaning of the term productivity is probably one of the most debated is-
sues within the manufacturing industry as well as within the research commu-
nity that are concerned with performance improvement and measurement ac-
tivities. Chew (1988), for example, state that even though the concept of pro-
ductivity has existed for a long time, remarkably many people who make deci-
sions every day about improving plant efficiency do not know how to answer 
the simple question of what productivity is. Unfortunately, as emphasised by 
Björkman (1991), this debate has often been confusing and characterised by 
many arguments founded on individual opinions instead of on facts. Further-
more, there are several problems that discussions on the meaning of productiv-
ity often encounter, including:  

• They who use the term productivity do not properly define it. 
• People are not aware of that different definitions are used in parallel as 

well as the consequences such discrepancy leads to.   
• Proper definitions are misused or distorted. 
• People do not distinguish between verbal and mathematical definitions.  
• Low quality in data decreases the value of usable definitions.     

                                                      
15 It should be noted that several of the English terms described in this thesis do not have an 
exact equivalent in the Swedish language. For example, the Swedish language does not distin-
guish between the two terms efficiency and effectiveness.     
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3.1.1 Definitions of productivity 
One should be aware of that there is no such thing as a correct universal defini-
tion of productivity. In fact, this concept can be defined in a number of ways 
strongly depending on what context it is going to be used in. Nevertheless, 
productivity is in industrial engineering generally defined as the relation of 
output (i.e. produced goods) to input (i.e. used resources) in the manufacturing 
transformation process (see Figure 8). However, this definition is often too 
wide to be directly applicable as a measure in industry. This has in turn led to 
that many different interpretations and applications of productivity have 
emerged over the years (see Table IV) since experts working in various areas 
of operations have looked at productivity from their own perspectives (Thomas 
and Baron, 1994).   

Transformation
process

INPUT
Resources

OUTPUT
Products

Productivity

Upstream
system

Downstream
system

 

Figure 8 Productivity is generally defined as a ratio of output to input of the 
manufacturing transformation process 

In order to understand the meaning of productivity, one must first be able to 
separate verbal definitions from mathematical definitions (i.e. productivity 
measures16), which are two separate things. A verbal definition aims to explain 
what the concept of productivity means. Verbal definitions are useful since 
they can work as a norm of what an organisation strives to achieve. They can 
also be used when specifying the organisation’s strategic objectives (Björkman, 
1991). Mathematical definitions, on the other hand, can be used as performance 
measures, which major aim is to improve (not to explain) productivity. Since it 
can be very difficult to translate a verbal definition to a mathematical one, it 
must be remembered that mathematical definitions do not always reflect all the 
basic features that represents the concept of productivity.  

 

 

                                                      
16 Different types of productivity measures are described in depth in chapter 4. 
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 Definition Reference 

Productivity = Faculty to produce  (Littré, 1883) 

Productivity is what man can accomplish with material, capital 
and technology. Productivity is mainly an issue of personal man-
ner. It is an attitude that we must continuous improve our selves 
and the things around us.    

(Japan Productivity Centre, 
1958 (from Björkman, 1991)) 

Productivity = Units of output / Units of input (Chew, 1988) 

Productivity = Actual Output / Expected Resources Used (Sink and Tuttle, 1989) 

Productivity = Total income / (Cost + goal profit) (Fisher, 1990) 

Productivity = Value added / Input of production factors (Aspén, 1991) 

Productivity is defined as the ratio of what is produced to what is 
required to produce it. Productivity measures the relationship 
between output such as good and services produced, and inputs 
that include labour, capital, material and other resources.  

(Hill, 1993) 

Productivity (output per hour of work) is the central long-run 
factor determining any population’s average of living 

(Thurow, 1993) 

Productivity = the quality or state of bringing forth, of generating, 
of causing to exist, of yielding large result or yielding abundantly  

(Koss and Lewis, 1993) 

Productivity means how much and how well we produce from the 
resources used. If we produce more or better goods from the 
same resources, we increase productivity. Or if we produce the 
same goods from lesser resources, we also increase productiv-
ity. By ‘resources’, we mean all human and physical resources, 
i.e. the people who produce the goods or provide the services, 
and the assets with which the people can produce the goods or 
provide the services.  

(Bernolak, 1997) 

Productivity is a comparison of the physical inputs to a factory 
with the physical outputs from the factory 

(Kaplan and Cooper, 1998) 

Productivity = Efficiency * Effectiveness = Value adding time / 
Total time 

(Jackson and Petersson, 1999) 

Productivity = (Output / Input) * Quality = Efficiency * Utilisation * 
Quality 

(Al-Darrab, 2000) 

Productivity is the ability to satisfy the market’s need for goods 
and services with a minimum of total resource consumption 

(Moseng and Rolstadås, 2001) 

Productivity refers to the ratio between the actual result of the 
transformation process and the actual resources used 

(Jan van Ree, 2002) 

Productivity = Customer value / Used resources  Discussed definition within this 
research project (K. Björklund) 

Table IV Examples of verbal and mathematical definitions of productivity 
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Compromises are often made when mathematical definitions are formulated, 
which in turn means that they usually only show a part of the ‘true’ meaning of 
productivity. Moreover, verbal definitions are not directly applicable when 
measuring productivity. They are concepts to which a mathematical definition 
can be joined. And as stated by Broman (2004), without a clear conceptual 
distinction between a concept and a particular mathematical definition attached 
to the concept, it is impossible to evaluate the characteristics of the mathemati-
cal definition. 

A representative verbal definition of productivity to the manufacturing area is 
(Bernolak, 1997): 

”Productivity means how much and how well we produce from the 
resources used. If we produce more or better goods from the same 
resources, we increase productivity. Or if we produce the same 
goods from lesser resources, we also increase productivity. By ‘re-
sources’, we mean all human and physical resources, i.e. the people 
who produce the goods or provide the services, and the assets with 
which the people can produce the goods or provide the services. The 
resources that people use include the land and buildings, fixed and 
moving machines and equipment, tools, raw materials, inventories 
and other current asset.” 

This definition captures two important characteristic features that represent the 
concept of productivity. First, productivity is closely related to the use and 
availability of resources. In short, this means that a company’s productivity is 
reduced if its resources are not properly used or if there is a lack of them. Sec-
ond, productivity is also strongly connected to the creation of value. Thus, high 
productivity is achieved when activities and resources in the manufacturing 
transformation process add value to the produced goods.  

A similar definition, which has been discussed within this research project and 
adopted by several members, is: 

  
R
C

  P
U

V=   (3.1) 

where  
P= Productivity [%] 

 CV= Customer Value [money] 
 RU= Used Resources [money] 
The advantage with this mathematical definition of productivity is that it fo-
cuses both on the important customer perspective as well as on value adding 
activities. This way of representing productivity can be very useful from an 
overall point of view and preferably be adopted by top managers in a company. 
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However, it is too broad to be directly applicable as a productivity measure and 
it raises a difficult philosophical question. Namely, what should actually be 
considered as customer value? This question is especially difficult to answer on 
a lower level in the company.   

As pointed out by Broman (2004), despite the minor differences in definitions 
of productivity, the basic content seems to be the same. Ghobadian and Hus-
band (1990), however, emphasise that different types of people usually view to 
the concept in slightly various ways and divide productivity definitions into 
three main categories: 

• The technological concept: the relationship between ratios of outputs to 
the inputs used in its production. 

• The engineering concept: the relationship between the actual and the 
potential output of a process.  

• The economist concept: the efficiency of resource allocation. 

3.1.2 Productivity and waste 

Transformation
process

INPUT
Resources

OUTPUT
Products

Added value

Waste  

Figure 9 Productivity improvement: a value adding and waste reducing 
process 

As earlier mentioned, productivity is closely connected to the value-adding 
activities in the manufacturing transformation process. However, every activity 
that do not add value for the customer, represent a waste of resources. In order 
to achieve high productivity, it is therefore essential that waste is elimi-
nated/reduced (see Figure 9). 

The concept of Toyota Production System (TPS) has often been described in 
the literature as the absolute elimination of waste. There are many kinds of 
waste and non-value added activities in a manufacturing system, but at Toyota 
the following seven forms of waste were identified (Shingo, 1989). 
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• Waste of overproduction – components and products made in excess 
of immediate needs.  

• Waste of waiting – materials or information stalled, not flowing. 
• Waste of unnecessary transport – movement of materials over dis-

tances. 
• Waste of processing – unnecessary operations. 
• Waste of stocks and buffers – materials beyond immediate needs. 
• Waste of motion – unnecessary human activity. 
• Waste of making defective parts and products. 

3.1.3 Productivity – a relative concept 
So far the meaning of productivity may seem easy to comprehend, however, 
there are some implications that easily can cause confusion when trying to un-
derstand the concept of productivity. A common mistake, for example, is that 
productivity is used synonymous to measures of production, which refers to the 
amount of a product or service produced (Stainer, 1997), (Bernolak, 1996). As 
a result of this confusion, people tend to believe that increased production, 
means increased productivity. This is not necessarily true. It is important to 
keep in mind that productivity is a relative concept, which cannot be said to 
increase or decrease unless a comparison is made, either of variations from a 
standard at a certain point in time (which can be based on, for example, a 
competitor or another department) or of changes over time (i.e. trend analysis). 
A production measure only considers the outcome of the transformation proc-
ess, and says nothing about the effort that has been made to achieve the output.  

Basically, improvements in productivity can be caused by five different rela-
tionships (Misterek et al, 1992):  

1. Output increases faster than input, but the increase in input is propor-
tionately less than the increase in output (managed growth).  

2. More output from the same input (working smarter).  
3. More output with a reduction in input (the ideal). 
4. Same output with fewer input (greater efficiency). 
5. Output decreases, but input decreases more, but the decrease in input is 

proportionately greater than the decrease in input (managed decline). 

3.1.4 The complexity of productivity  
It is also important to be aware that productivity in itself has an ambiguous 
nature. As earlier mentioned, the general ratio of output to input is often not 
applicable as a productivity measure in the industry. A major reason for this 
can be illustrated with Kurosawa’s transformation process and productivity 
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model, as shown in Figure 10. Almost any transformation process within a 
manufacturing company is fed with several types of input (e.g. labour, capital, 
material and energy) and emits more than one output (e.g. product A, product 
B), which in turn makes the calculation of productivity very difficult (Kuro-
sawa, 1991). This issue is usually referred to as the commensurability problem, 
since each variable in the process is not measurable by the same standard 
(Broman, 2004). The trouble of finding an appropriate way to solve the com-
mensurability problem has resulted in various types of productivity measures 
and ways to aggregate inputs and outputs by use of weights. Apparently, there 
are various types of productivity, and we must therefore be able to separate 
partial productivity (i.e. output related to one type of input) from total produc-
tivity (i.e. output related to multiple types of input) (see Craig and Harris, 
1973), (Grossman, 1993), (Sumanth, 1994), (Hannula, 1997).  

Transfomation process

Market mechanism

Product

Input Output

Unit energy requirement

Unit material requirement

Capital coefficient

Labour productivity

Labour

Capital assets

Materials

Energy

Total productivity

Profitability  

Figure 10 Transformation process (modified from Kurosawa, 1991) 

Further, even though the concept of productivity in its pure form is a physical 
phenomenon, it is not agreed if productivity should be expressed in monetary 
or physical units. This discussion is, of course, related to the previous implica-
tion. For instance, Gold (1980) states that the whole concept is based on a false 
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analogy. In his opinion, it is impossible measure the physical efficiency of the 
manufacturing process or any other economic process, since its prevented by 
the absence of any physical common nominator for combining the input con-
tributors of different kinds of inputs. However, as earlier emphasised, one 
should separate verbal from mathematical definitions, meaning that even 
though it may be difficult to measure productivity as a physical phenomenon, 
does not necessarily mean that it cannot be defined as one. In addition, there 
are also authors that favour a value added approach to the definition of output 
(see Fisher, 1990), (Aspén, 1991). Value added equals net sales plus or minus 
inventory changes minus outside purchased materials and services.      

Another frequent problem is that people tend to confuse the meaning of pro-
ductivity with a particular definition of a performance measure used at their 
company. A performance measure is usually designed to have a positive influ-
ence on the company’s productivity. However, it does not naturally mean that 
the performance measure is productivity. A measure and the meaning of a term 
are often two separate things. 

Finally, considering all the different hierarchical levels that exist in a company 
we must as well realize that the meaning of productivity varies depending of 
what context it is placed in. For example, the management’s strategically per-
spective of productivity in the top of the company will usually differ from the 
more operational view of productivity among operators at an assembly line. 
This reasoning indicates that productivity must be seen from a different point 
of view at each level and that the means for achieving high productivity may be 
level specific. One categorisation of the different levels in a company could be 
(Gerwin, 1987): 

• The individual machine or manufacturing system 
• The manufacturing function, for example assembly 
• The manufacturing process for a single product or group of related 

products 
• The factory 
• The company’s entire factory system 
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3.2 Profitability 
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Figure 11 Profitability is strongly influenced by the prices a company pays for 
its input and receives for its output (Tangen, 2003a). 

Perhaps the reason why companies tend to ignore the importance of productiv-
ity is that they often link productivity and profitability as one issue. There is no 
sense in denying that productivity and profitability are interdependent, but it is 
also a fact that they do not always go hand in hand (West, 1999). Profitability 
is the overriding goal for the success and growth of any business, and is gener-
ally defined as a ratio between revenue and cost (i.e. profit/assets). However, 
profitability as a performance measure mainly addresses shareholders as the 
interest group and many researchers therefore claim that excessive use of 
monetary ratios can result in several shortcomings17, such as induce short-
termism and discourage the customer perspective (see Ghalayini et al, 1997), 
(Jagdev et al, 1997), (Kaplan and Cooper, 1998). Grünberg (2004) states that 
profitability does not have a direct impact when it comes to improvement pur-
poses, since it is a result of, rather than a contributor to, the actions and proc-
esses in operations.  

The major problem is that profitability can change for reasons that have little to 
do with productivity, such as for example inflation. Profitability is also often 
affected by external conditions that may bear no relationship to the efficient 
use of resources (Stainer, 1997). Miller (1984), for example, argue that produc-
tivity is a more suitable measure to monitor manufacturing excellence in the 
long run rather than profitability, since profits are influenced by many factors 
in the a short-term perspective.  

                                                      
17 More shortcomings of profitability measures will be discussed in chapter 4 
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Unmistakeably, the term profitability clearly has a productivity component, but 
it is strongly influenced by the prices a company pays for its input and receives 
for its output (see Figure 11). This in turn means that three important points 
must be remembered. First, profitability can increase at the same time as pro-
ductivity decreases, but this can only be sustained in a short-term perspective. 
Second, without an increase in productivity, increases in profitability are un-
sustainable, certainly in the medium- to long-term perspective, and as a result 
profitability will flatten out and in some cases decrease. Third, increased pro-
ductivity does not necessarily lead to increased profitability, particularly in a 
short-term perspective. The effect of increased productivity is more likely to be 
realised in terms of long-term profitability. 

If a company can recover more than the cost of its input from rising prices for 
its output, its profitability can be increased even in times when its productivity 
is decreasing. This is a strong argument for productivity being expressed in 
physical units (in quantities) instead of monetary units. Miller (1984) was one 
of the first to discuss this in detail. He explained how profitability could be 
separated from productivity by the price recovery, defined as a ratio of unit 
prices related to unit costs. The ‘profitability = productivity + price recovery’ 
procedure can be structured in several ways (see Wollf, 1990), (Edgren, 1996), 
but in simplified terms it means that productivity is output quantities per input 
quantities. Profitability, on the contrary, is output quantities times output unit 
price per input quantities times unit costs (Bernolak, 1997).  

In conclusion, the discussion above shows that a company should mutually 
focus on productivity and price recovery to be as profitable as possible, as 
shown in Figure 12. They should also combine productivity and profitability 
ratios, so that the true reasons for increased profits can become clearer. 
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Figure 12 Strategy for profitability (Stainer, 1997) 

3.3 Performance 
Many people who claim to be discussing productivity are actually looking at 
the more general issue of performance (Thomas and Baron, 1994). Although 
strongly related, performance is a much broader term than productivity. Cost is 
a central part of performance, but it also involves almost any other non-cost 
objective of competition and manufacturing excellence such as dependability, 
flexibility, quality and speed, while productivity is a fairly specific concept 
related to the ratio between output and input. 

However, as illustrated in Figure 13, each of the various performance objec-
tives often have a significant impact on the productivity of an operation (Slack 
et al, 2001): 

• Low cost operations allow the company to sell their products to a com-
petitive price, and increase profitability.  

• Dependable operations can be relied on to deliver exactly as planned. 
This eliminates wasteful disruption and allows the other micro opera-
tions to operate efficiently. 
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• Flexible operations adapt to changing circumstances quickly and with-
out disrupting the rest of the operation. Flexible micro operations can 
also change over between tasks quickly and without wasting time and 
capacity. 

• High-quality operations do not waste time or effort having to re-do 
things, nor are their internal customers inconvenienced by flawed ser-
vice. 

• Fast operations reduce the level of in-process inventory between micro 
operations, as well as reducing administrative overhead. Products can 
also be delivered earlier to the customer. 

In turn, this has led to that performance objectives, especially quality, are seen 
as a part of the concept of productivity by some researchers (see for example 
Al-Darrab, 2000). This is not always a true assumption. The concept of quality 
is often used in a very wide context, which means that it concerns both proc-
esses and products as well as it includes both tangible and intangible factors. It 
is, of course, not appropriate to consider faulty products as output of a manu-
facturing process when measuring productivity. However, improvements in 
quality, besides in that more products are being correctly manufactured, ought 
not to be included in the concept of productivity. Quality and productivity of-
ten come hand in hand, but they are two separate concepts.    

It is believed in this research that the confusion surrounding productivity will 
be even more complicated with a too broad view of productivity. If productiv-
ity measures should include all types of performance aspects, they are in grave 
danger of becoming so complex that their usefulness as meaningful measures 
of improvement become questionable. Performance, not productivity, should 
be described as an umbrella term for all concepts that considers the success of a 
company and its activities. Nevertheless, the overall performance of a company 
is a complex phenomenon and the type of performance that a particular com-
pany strives to fulfil is usually very case specific. In order to be able to meas-
ure the overall performance of a company, one must therefore first consider the 
company’s strategic objectives.   

When discussing performance within a company, one must first clearly define 
what performance objectives that the company should strive to achieve. Then, 
it is vital that the defined objectives are connected to improvement activities or 
else the objectives will not be met. Usually, objectives are formulated at the top 
of a company. Another important part of the work is therefore to translate high-
level objectives to the lower ones, so that the whole organisation is working 
towards the same direction. 
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or both

Dependable
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Frequent new products
Wide product range
Volume and delivery

adjustments  

Figure 13 Performance objectives influences productivity (Slack et al, 2001) 

An interesting observation is how our view on performance has expanded over 
the years (Table V). In the 1950s, the view was rather simple and mainly con-
cerned the effectiveness of an organisation, meaning that the optimal perform-
ance was achieved when the actual result exactly corresponded to the aimed 
result. As the complexity of the business environment increased for each dec-
ade, more criteria were included into the performance term.  

    

Till 1950s 1960s 1970s 1980s 1990s 2000s 

Effective Effective 
Efficient 
 

Effective 
Efficient 
Productive 
 

Effective 
Efficient 
Productive 
Flexible 
 

Effective 
Efficient 
Productive 
Flexible 
Creative 

Effective 
Efficient 
Productive 
Flexible 
Creative 
Sustainable 

Table V Performance criteria organisations should meet (modified from Jan 
van Ree, 2002) 
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3.4 Effectiveness and efficiency 
The two terms effectiveness and efficiency render the terminology even more 
complicated. As shown in Table VI, there is no single accepted view about 
these terms in literature and they are frequently confused with each other. 
However, as stated by Sink and Tuttle (1989) and illustrated in Figure 14, ef-
fectiveness is usually in simple words described as ‘doing the right things’, 
while efficiency means ‘doing things right’. 

Definitions of efficiency Definitions of effectiveness Reference 

Efficiency is an input and transfor-
mation process question, defined as 
the ratio between resources ex-
pected to be consumed and actually 
consumed 

Effectiveness which involves doing 
the right things, at the right time, 
with the right quality etc, can be 
defined as the ratio between actual 
output and expected output 

(Sink and Tuttle, 
1989) 

Efficiency is used for passive or 
operational activity, which is usually 
defined technically so that the sys-
tem and its behaviour are foresee-
able in advance 

Effectiveness is basically used in 
active or innovative activity per-
formed by a risk taker and based on 
a rather broad perspective 

(Kurosawa, 1991) 

Efficiency is the ratio of actual output 
attained to standard output ex-
pected, and reflects how well the 
resources are utilised to accomplish 
the result 

Effectiveness is the degree of 
accomplished of objectives, and 
show how well a set of results is 
accomplished 

(Sumanth, 1994) 

Efficiency is a measure of how 
economically the firm’s resources 
are utilised when providing the given 
level of customer satisfaction 

Effectiveness refers to the extent to 
which the customer requirement are 
met 

(Neely et al, 1995) 

Efficiency means how much cost is 
spent compared to the minimum cost 
level that is theoretical required to 
run the desired operations in a given 
system 

Effectiveness in manufacturing can 
be viewed as to what extent the 
cost is used to create revenues 

(Jackson, 2000) 

Efficiency = ideal system dependent 
time /  total time 

Effectiveness = value added time / 
ideal system dependent time 

(Jackson, 2000) 

Efficiency refers to the ratio between 
aimed resources use and the actual 
resources use in order to transform 
an input to an output 

Effectiveness refers to what extent 
the actual result (output in quality 
and quantity) corresponds to the 
aimed result 

(Jan van Ree, 2002) 

Table VI Examples of definitions of effectiveness and efficiency 

Most researchers concur that efficiency is strongly linked to the utilisation of 
resources and mainly deals with the input of the productivity ratio. This means 
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that efficiency in manufacturing can be seen as the minimum resource level 
that is theoretically required to run the desired operations in a given system, 
compared to how much resources are actually used. The efficiency ratio is 
rather simple to measure, whether it is based on time, money or other. In addi-
tion, efficiency is very similar to the concept that is referred to as utilisation 
rate (i.e. degree of utilisation), which means how much the equipment or a 
process is used in practise compared to its maximum. 

Effectiveness, on the other hand, is a more diffuse term and in most cases very 
difficult to quantify. It is often linked to the creation of value for the customer 
and the products that are being produced and deals with the output of the pro-
ductivity ratio. Effectiveness can also be seen as how an actual manufacturing 
system is related to a theoretically desired manufacturing system. This indi-
cates that studying effectiveness can be of interest in order to generate informa-
tion concerning the potential for productivity improvements. Furthermore, a 
good description of effectiveness is ‘as the ability to reach a desired objective’ 
or ‘ the degree to which a desired results are achieved’. Such definitions lead to 
an interesting fact: there are usually no limits for how effective one can be. 
There is always a chance that an objective is reached to a higher degree than 
desired (or expected).  Nevertheless, the main difference between the two con-
cepts efficiency and effectiveness is that the former can be related to the inter-
nal performance of a process (i.e. input oriented) while the latter can be linked 
to external performance (output oriented).  

Transformation
process

INPUT
Resources

OUTPUT
Products

Productivity

Upstream
system

Downstream
system

Efficiency: 
”doing things right”

Effectiveness: 
”doing the right things”  

Figure 14 Efficiency and effectiveness 

In conclusion, a single focus on efficiency does not seem to be a fruitful way to 
increase productivity (Jackson, 2000). Unfortunately, this is often the case in 
industry, especially when cost-cutting activities are employed. However, it is 
vital to have a dualistic view since it is the combination of high values of effi-
ciency and effectiveness in the transformation process that leads to high pro-
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ductivity. In fact, it is the combination of high values of both efficiency and 
effectiveness in the transformation process that leads to high productivity. 
Thus, is it possible for an effective system to be inefficient; it is also possible 
for an efficient system to be ineffective. 

3.5 Productivity of services 
Productivity, efficiency and effectiveness are usually terms that most people 
relates to the typical activities found in the manufacturing industry, which is 
focused on in this doctoral thesis. However, there are also other industries and 
professions that can be linked to the concept of productivity, such as manage-
ment consulting, engineering consulting, advertising, market research, public 
relation, accounting, computing services and data processing. In other word, 
productivity of professional services and white-collar productivity must also be 
discussed. Nachum (1999) proclaims that productivity of services lags behind 
productivity of manufacturing. An intimidating statistical observation that sup-
ports this statement is that while the latter has improved steadily during the last 
century, the former barely grew at all.      

When it comes to defining the input and the output of a process in which ser-
vices is produced, it becomes even more complex than described in the earlier 
sections of this article. For instance, a type of input (i.e. resource) that increases 
in importance is knowledge, which in turn is nearly impossible to quantify. 
Further, services as an output is often highly specified and specialised as well 
as it consist of numerous intangible factors. Services are also tailored to meet 
the particular requirements of a customer, which varies substantially from cus-
tomer to customer. Nonetheless, as expressed by McLaughlin and Coffey 
(1990):  

“ While intangibles may be an inherent problem, they are not an ex-
cuse for avoiding productivity analysis… Intangibility makes meas-
urement difficult, but it is seldom a reason to avoid measurement 
even if proxies must be used.”  

For example, a possible approach for defining white-collar productivity could 
be to divide such workers’ activities in only three or four processes that they 
are actually engaged in every day: writing, reading, and conversing (mainly in 
meetings) and, sometimes, thinking and planning. In conclusion, the only ef-
fective way to improve white-collar productivity is for white-collar workers to 
question these tasks (i.e. only perform them when necessary) and become more 
efficient at them. In simple words, they need to stop spending so much time in 
ill planned, poorly run, poorly prepared, and unnecessary meetings. They must 
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also learn to write more readably, and to distribute their written communica-
tions only to those who truly need to read them. 

3.6 The Triple-P model  
As stated by Sink and Tuttle (1989), definitions are important and necessary to 
reduce confusion, but most often neglected: 

“The field is filled with practitioners with no conceptual models and 
weak operational definitions; the field is filled with academicians 
with weak conceptual models and no operational definitions. The re-
sult has been confusion in the literature and in practice with no re-
spect to performance measurement and improvement.”    

Considering the existing confusion of the terminology within the field of per-
formance measurement, which in turn can result in counter-productive deci-
sions, it is suggested in this thesis that terms must be used strictly to their 
meaning. As showed in this chapter, productivity is indeed not the same thing 
as profitability, efficiency or performance. This brings the discussion back to 
the first research question, which was formulated in the following way.  

RQ1. What common terms and concepts are used within the field of per-
formance measurement and how can they be defined and related to 
each other?  

It here believed that the descriptions of the terms that can be found in this chap-
ter have already provided the answer to this question. However, in order to 
summarise the research results from this chapter, a model called the Triple-P 
model (Figure 15) has been developed. This model gives a schematic view of 
how the terminology is explained as well as used in this thesis. In this way, the 
work will both have a strong conceptual model as well as operational defini-
tions. The Triple-P model includes the five terms; productivity, profitability, 
performance, effectiveness and efficiency, and explains how they are related 
and linked to each other. Through the Triple-P model, the differences between 
the terms can easily be captured (also see Tangen, 2002c), (Tangen, 2005), 
(Grünberg, 2004). In addition, the model can also be of interest to other re-
searchers and lead to a common terminology.  



 

50 

Productivity

Profitability

Performance

Effectiveness

Efficiency

Input

Output

Price recovery

Quality, delivery,
speed, flexibility

 

Figure 15 The Triple-P model (Tangen, 2005) 

The term Productivity is the central part of the Triple P-model and has a rather 
straightforward operational definition as the relation between output quantity 
(i.e. correctly produced products which fulfils their specifications) and input 
quantity (i.e. all type of the resources that are consumed in the transformation 
process). It is here argued that even though it is difficult to measure different 
quantities by the same standard, the concept of productivity is purely a physical 
phenomenon and must therefore be defined as one. Profitability is also seen as 
a relation between output and input, but it is a monetary relationship in which 
influences from price-factors (i.e. price recovery) is included. Performance is 
the umbrella term of excellence and includes profitability and productivity as 
well as other non-cost factors such as quality, speed, delivery and flexibility. 
Furthermore, performance can both be used when discussing a company or 
activity from an internal (i.e. input) as well as external (i.e. output) point of 
view. The two terms effectiveness and efficiency are somewhat cross-functional 
when it comes to the other three terms. They can, however, be separated from 
each other by a clear dissimilarity. The former can be related to external per-
formance (i.e. output oriented) while the latter can be linked to the internal 
performance of a process (i.e. input oriented), which results in the following 
two definitions. Effectiveness represents the degree to which desired results are 
achieved and is a term to be used when the output of the manufacturing trans-
formation process is focused. Efficiency represents how well the resources of 
the transformation process are utilised (Tangen, 2005). 
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4 EXISTING PERFORMANCE MEASURES    

In this chapter, different ways to measure performance are explored. The chap-
ter begins with emphasising some common questions a measurement practitio-
ner must deal with. Then, performance measurement is clearly defined, along 
with a classification of individual performance measures. This is followed by a 
brief summary of different productivity and profitability ratios. Several concep-
tual performance measurement systems are also reviewed. Finally, different 
proposed rules and processes to design performance measures are explained.    

4.1 Introducing performance measurement  
Lord Kelvin once said:  

“When you can measure what you are speaking about, and express 
it in numbers, you will know something about it...[otherwise] your 
knowledge is of a meagre and unsatisfactory kind; it may be the be-
ginning of knowledge, but you have scarcely in thought advanced to 
the stage of science”.  

Unfortunately, this is easier said than done when it comes to measure the per-
formance of a business or an activity in a company. There are, for example, 
numerous of performance measures to select among and it is often not clear 
what performance actually should considered to be in an operation.  

The traditional way to measure performance is to use financial performance 
measures, such as return on investment, profit and cash flow. However, these 
types of measures have been found to include a number of limitations and it is 
argued that a performance measurement system cannot solely rely on financial 
performance measures, since they do not properly reflect the requirements that 
a company must fulfil in today’s competitive business environment. Conse-
quently, the interest in performance measurement as a research topic has grown 
significantly in the last two decades, where much effort has especially been 
made on the development of new performance measurement systems that can 
cope with the common problems that are associated to the use of financial per-
formance measures. 

According to White (1996), there are two basic questions that must be an-
swered in any measurement situation: 
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• What will be measured? 
• How will it be measured? 

Considering the question of what will be measured, the wide range of available 
performance measures makes it essential to understand that the performance 
measures to use depend on the scope of interest (Eloranta and Holmström, 
1998). Different performance measures are to be used in different cases. It is 
also most likely that several performance measures must be combined to get a 
useful result of the measurements 

Considering the question of how it will be measured, an important issue is if 
the data to be measured is tangible or intangible. Tangible data (i.e. objective 
data) within manufacturing usually have units such as: 

• Quantity (e.g. number of products, workers, work hours or defects)  
• Time (e.g. lead time, process time or MTBF) 
• Money (e.g. labour cost, manufacturing cost or material cost) 

While tangible data is relatively easy to obtain, intangible data (i.e. subjective 
data) with high accuracy will often be almost impossible to capture. Neverthe-
less, intangible measures can be ‘measured’ by making an individual estima-
tion or using a ranking scale, for example evaluating customer satisfaction on a 
scale from 1 to 7. This leads to an obvious but important conclusion. When 
deciding what to measure, it must first be considered if it is possible to measure 
it at all. Several other questions that needs to be answered will also appear 
when deciding how to measure, such as: 

• Who will perform the measurement?  
• How frequently are the measurements to be made? 
• Who acts on the data of the measures? 
• When should the measures be revisited? 

4.1.1 Defining performance measurement  
As performance measurement is a subject that is often discussed but rarely 
defined, it is necessary to clarify its meaning more clearly. Neely et al (1995) 
describes performance measurement as the process of quantifying action, 
where measurement is the process of quantification and action correlates with 
performance. They also propose that performance should be defined as the 
efficiency and effectiveness of action, which leads to the following definitions 
(adopted in this doctoral thesis). 

• Performance measurement is defined as the process of quantifying the 
efficiency and effectiveness of action. 
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• A performance measure is defined as a metric used to quantify the effi-
ciency and/or effectiveness of an action. 

• Performance Measurement System (PMS) is defined as the set of met-
rics used to quantify the efficiency and effectiveness of action. 

4.1.2 Categorisation of individual performance measures 
In order to get a clear overview of the huge amount of existing performance 
measures, one has to consider how they can be categorised. Roughly, perform-
ance measures can conceptually be divided into cost-related and non-cost-
related performance measures; however, the usefulness of such a classification 
is indeed limited. A more informative and commonly used classification is to 
group individual performance measures in terms of the five manufacturing 
performance objectives (Slack et al, 2001):  

• Quality  
• Speed  
• Dependability  
• Flexibility  
• Cost   

As illustrated in Table VII, there are many examples of different performance 
measures that can be found under these five categories. Furthermore, in this 
classification, product- and process development performance measures belong 
to the flexibility category. However, several authors suggest that these types of 
performance measures should have their own category called innovativeness 
(or innovation), due to the recent growth of knowledge intensive areas in the 
industry (Jackson, 2000), (Hall et al, 1991).  
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Performance 
objective 

Some typical  
performance measures 

Performance criteria that link  
firm strategy to operations decisions 

Quality Number of defects per unit 

Level of customer complaints 

Scrap level 

Warranty claims 

Mean time between failures 

% defect reduction 

% scrap value reduction 

% unscheduled downtime reduction 

% supplier reduction 

% of inspection operations eliminated 

Speed or  
Innovation 

Customer query time 

Order lead time 

Frequency of delivery 

Actual versus theoretical throughput 
time 

Cycle time 

%  increase in annual investment in new 
product and process research and design 

% reduction in material travel time between 
workcenters 

% increase in annual number of new prod-
uct introduction 

% increase in common parts per product 

Dependability Percentage of orders delivered  

Average lateness of orders 

Proportion of products in stock 

Schedule adherence 

% reduction in purchased lead time  

% reduction in lead time per product line 

% increase in portion of delivery promises 
met 

Flexibility  Time needed to develop new prod-
ucts 

Range of products 

Machine change over time 

Average batch size 

Time to increase activity rate 

% average lot size reduction 

% increase in multipurpose equipment 

%increase in average number of direct 
labour skills 

% decrease in number of bottleneck work-
centers 

Cost Variance against budget 

Utilisation of resources 

Labour productivity 

Added value 

Cost per operation hour  

Minimum delivery time/average 
delivery time 

% inventory turnover increase 

% reduction of employee turnover 

% improvement in labour/desired labour 

% reduction in total number of  data trans-
actions per product 

% average set-up time improvement per 
product line  

Table VII Typical individual measures of performance (Slack et al, 2001), 
(Wisner and Fawsett, 1991) 
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Other classifications can also be found in literature. White (1996), for example, 
has extended the view of the five performance objectives and divides individ-
ual performance measures further into the following taxonomy.  

• Source of data – internal (data from sources within organisation) or ex-
ternal (data from sources outside the organisation)  

• Type of data – subjective (based on perception or opinion) or objective 
(based on observable facts not involving opinion)  

• Reference – benchmark (compares an organisation with others) or self-
referenced (does not involve any comparison with another organisa-
tion)  

• Orientation to process – input to some process or outcome of some 
process  

This classification shows that performance measurement is not just a question 
of tracking a few important performance objectives within the company. Per-
formance measurement can also be extended to include various perspectives, 
including competitors, suppliers and customers as well as it must rely on both 
tangible and intangible data.      

Moreover, Fitzgerald et al (1991) concluded in a study of the service industry 
that there are two basic types of performance measures in any organisation: 
those that relates to results (competitiveness, financial performance) and those 
that focus on the determinants of the results (quality, flexibility, resource utili-
sation and innovation). Performance measures should, of course, be designed to 
evaluate the performance of an operation. However, an important conclusion 
drawn from this classification is that performance measures designed to focus 
on key-factors influencing the performance of an operation can as well be use-
ful.  

Another more recently proposed approach is to distinguish between perform-
ance measures that are used to evaluate different stakeholders’ satisfaction. In 
other words, it is important that companies consider using performance meas-
ures that focus on all their stakeholders, not just their shareholders, including 
customers, employees, and suppliers as well as the society (Menezes and Mar-
tins, 2000), (Bourne et al, 2003). 

Flapper et al (1996) state that classifications such as them described above may 
be very useful as sources for potential performance measures; however, most of 
them do not help much in reaching insight into the relationships between per-
formance objectives. That is because the classifications do not tell much about 
the performance measures themselves, i.e. about their “intrinsic dimensions”, 
which do not depend on where and by whom the performance measures are 
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used. A new classification of performance measures involving three intrinsic 
dimensions is therefore introduced: 

• Decision type - strategic/tactical/operational. This dimension focus on 
the kind of decision the measure is meant to support. 

• Aggregation level - overall/partial. This dimension tells if the measure 
is of overall or partial nature. 

• Measurement unit - monetary/physical/dimensionless. This dimension 
relates to which unit the measure is expresses in.  

As earlier stated, classifications of performance measures can be very useful to 
the measurement practitioner as sources for finding potential performance 
measures. However, an important point that must be emphasised is that a clas-
sification does not necessarily give an appropriate summary of what perform-
ance measures a particular company should include in its PMS. The design of a 
PMS should be derived from a company’s strategic objectives and some strate-
gic objectives can in turn make a category of performance measures unusable.    

4.1.3 Performance measures at various hierarchical levels  
In the previous section it was stated that a performance measure could be 
categorised according to what type of decision it meant to support. This issue is 
leads to another important discussion. Namely, different performance measures 
are needed for various hierarchical levels of an organisation. For instance, the 
management of a company will not have the same performance measures as the 
personnel working at an assembly line. However, it is vital that there is a clear 
link between the performance measures at all hierarchical levels, so that each 
function in a company works towards the same objectives. Normally, most 
decisions in the top of an organisation have a strategic focus, while decisions at 
lower levels are more tactically and operationally oriented:  

• At the strategic level performance measures are related to decisions 
having effect on issues with a time scale of several years. Such meas-
ures can tell an organisation about the soundness of their strategic deci-
sions.    

• At the tactical level performance measures covers a monthly up to a 
yearly period, and can be said to encompass issues like which suppliers 
are used, which overall manufacturing technologies are utilised etc. 
These measures are important in setting boundaries for the actual op-
erations of the organisation.   

• At the operational level performance measures deals with operations 
and business processes of the organisation on a daily, weekly or 
monthly basis. 
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Clearly, to have a strategic performance measure without related tactical and 
operational measures is not appropriate (Flapper et al, 1996). In other words, it 
is important that a performance measure can be divided and correlated between 
these three levels. As shown in Figure 6, a performance measure at the strategic 
level should be broken down into specific measures in the tactical level, and 
further down to the operational level (Jackson, 2000). 
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Figure 16 Performance measures on three different levels (modified from 
Jackson, 2000) 

In the forthcoming sections some of the more frequently used performance 
measures will be reviewed in detail. 
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4.2 Productivity measures 
Numerous productivity measures can be found in the literature, but usually 
three traditional types of index18 productivity measures are distinguished (Su-
manth, 1994):  

• Partial productivity measures - ratios of output to one source of input, 
such as labour, capital, material or energy  

• Total-factor productivity measures - ratios of net output (total output 
minus intermediate goods and services purchased) to the sum of asso-
ciated labour and capital input. This type of productivity is sometimes 
referred to as value added productivity or multi-factor productivity  

• Total productivity measures - ratios of total output to the sum of all in-
put factors 

Each type of these measures has its own strengths and weaknesses. According 
to Grossman (1993) none of these measures should be considered better than 
the other, instead they should be used for different purposes. However, it is not 
entirely clear how these measures should be used and combined to obtain a 
complete picture of a company’s productivity.  

In addition, one could argue that there is another category of productivity 
measures that should be added to the above list. That is the category of time-
based productivity measures. It is questionable if these measures should be 
considered as real productivity measures by definition, since they have more of 
an efficiency nature. However, people in industry often relate to them as pro-
ductivity measures and they will therefore in this thesis be discussed here (see 
section 4.2.4-6).  

4.2.1 Partial productivity measures 
The advantage of partial productivity measures is that they are simple to under-
stand and to measure in reality. The needed data are usually easy to obtain and 
partial productivity indices are not difficult to calculate (Sumanth, 1994).  It is 
also easy to pinpoint a specific partial productivity measure for an important 
smaller area, function or department in a company. This means that partial 
measures can detect improvements and the reasons behind them more easily 
than broader measures.   
                                                      
18 Within a broad context, there are three diverse techniques to measure productivity: Index 
measurement, linear programming and econometric models (Singh et al, 2000). The two latter 
measurement techniques are not included within this research.  
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The most common partial productivity measure is without any doubt labour 
productivity, e.g. output per working hour or output per employee. However, 
much criticism has been aimed of this way of calculating productivity. Suh 
(1990), for example, argues that terms like labour productivity are becoming 
useless measures in modern manufacturing operations, since the total direct 
labour cost is becoming a smaller fraction of the total manufacturing cost. 
Similarly, Hayes and Clark (1986) state that preoccupation with labour costs, 
particularly direct labour costs, is still common today even though direct labour 
usually accounts for less than 15% of total costs in most manufacturing compa-
nies. 

Much focus has traditionally been on efficiency of factory workers. This has 
caused negative associations with the term productivity. Increased labour pro-
ductivity can in many cases only be achieved at the expense of other resource 
areas, such as materials. For example, improving labour productivity can actu-
ally hurt the overall profitability by increased costs in inventory. Nevertheless, 
labour productivity can be an appropriate measure if the work force is a domi-
nating production factor. It can also be very useful in feedback of performance 
to the workers, since these data are easy to understand and workers want to 
know how they are doing (Bernolak, 1997). 

Perhaps the major objection to partial productivity is that it only considers one 
production factor, which in turn is often decided upon in interplay with the use 
of the other production factors, e.g. capital, energy and primary products. One 
example of this problem is called capital-labour substitution, which means that 
the labour productivity can be improved at the cost of capital, resulting in de-
creases in the total productivity. For example, when automatic equipment is 
installed. In this way partial productivity measures tend to overstate an increase 
in productivity (Grossman, 1993). Partial measures do not have the ability to 
explain overall cost increases, and can be very misleading if they are used 
alone (Sumanth, 1994). An appropriate set of partial measures may, however, 
be useful in a manufacturing company, especially on the shop floor. Neverthe-
less, it is important to be aware of its limitations.  

It should also be mentioned that measuring output might not always be as easy 
as it seems, especially on an aggregated level. Today, products often comes in 
numerous variants resulting in that it can be misleading to consider total output 
as the sum of its parts. 

4.2.2 Total-factor productivity measures 
Total-Factor Productivity (TFP) provides a comparably good picture of the 
overall productivity of a process or a company. A major advantage of TFP is 



 

60 

that it accounts for capital-labour substitution. Another advantage is that can be 
used to compare different companies. Many companies consider raw material 
as the fruits of someone else’s labour and that they therefore not be taken into 
account in productivity calculations (Taylor and Davis, 1977). The disadvan-
tages are that it is more difficult to understand and to measure (Grossman, 
1993). Due to the difficulties in calculating such measures in practice, they are 
not always accurate. TFP measures are based on a number of more or less care-
fully supported assumptions, and can produce different results because of many 
different ways to weight the production factors.  

It is also more difficult to track activities that improve productivity with TFP 
measures. Another weakness lies in that the needed data to calculate the meas-
ure becomes more difficult to retrieve. TFP does not capture the impact of ma-
terials and energy inputs, which means that it is not suitable when a larger por-
tion of production costs is due to material or energy. The value-added output 
approach can also be difficult to understand (Sumanth, 1994). TFP is mainly 
used by economists at industrial and national levels, where it is problematic to 
use total productivity measures, since cause double counting (Pineda, 1990).  

4.2.3 Total productivity measures 
Total productivity measures are very similar to measures of TFP, but they also 
include intermediate goods such as purchased materials and energy, which 
makes them the most accurate measures. However, dealing with all sorts of 
inputs in the same measure is a difficult task, since each input has a different 
unit and must be appropriately weighted. Even though total productivity is a 
conceptually more correct measure than TFP to use at the top level of an or-
ganisation, TFP is often as acceptable as total productivity in practice. Input of 
material and energy has usually a minor influence of the total productivity and 
can therefore be neglected (Sumanth, 1994). It has also been argued that total 
productivity measures are actually too aggregate and make interpretations of 
productivity changes both difficult and vulnerable. It should as well be empha-
sised that they are not commonly used and are often misunderstood (Gold, 
1980). 

4.2.4 Time-based productivity measures 
One possible problem to overcome when measuring productivity is the defini-
tion of output and input. At company level, output can for example be a single 
product, but it is also possible (even probably) that output of the factory is 
varying models of a single product, or even varying models of a number of 
individual products. This problem is usually solved by the use of monetary 
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values; however, such strategy means that the measures will be influenced by 
the price recovery factor. Another approach is proposed by Arnold (1991) who 
suggests that the unit time could be used in case of that several products being 
produced: 

”Where a variety of products are made, it may be that a common 
unit does not exist. In this case the unit common to all products is 
time. The work content of a product is expressed as the time required 
to make the product using a given method of manufacture. Using 
time study techniques, the standard time for a job can be deter-
mined.” 

The time approach can also be applied on the definition of input, which is done 
by for example Jackson and Petersson (1999). They see time as a resource and 
propose a completely time-based productivity measure, defined as:  

  
t
t

  P
tot

va=   (4.1) 

where  
P= Productivity [%] 

 tva= Value adding time [time] 
 ttot= Total time [time] 
Furthermore, to use time is recommended for a number of reasons: 

• It is easy to measure  
• It is easy for everyone to understand 
• It facilitates comparisons between workshops (independent of cost 

structure) 
• It facilitates comparisons between countries (independent of curren-

cies) 
• In operative manufacturing, there is approximately a linear relationship 

between time and cost 
However, it is questionable if a completely time-based measure can be classi-
fied as a real productivity measure, since total time in equation 4.1 does not 
provide information about the consumed resources in the manufacturing trans-
formation process. There are also researchers that argue that the traditional 
accounting approach using monetary units is the most appropriate, since pro-
ductivity measures should be linked with measures of business performance 
(Fisher, 1990). Other weaknesses can also be related to this measure, such as: 

• Value-adding time is a subjective concept and can therefore cause 
much discussion. 
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• The definition of the measure supports activities with long processing 
times (i.e. it does not question the effectiveness of an activity).       

4.2.5 The overall equipment effectiveness ratio  
Another time-based measure is the Overall Equipment Effectiveness (OEE), 
which is used within the concept of Total Productive Maintenance (TPM) (see 
Nakajima, 1988). TPM has been widely accepted as a methodology for improv-
ing tool operating efficiency in many industries. TPM typically addresses 
manufacturing excellence by optimising the effective use of manufacturing 
resources, including equipment, people and processes (Pomorski, 1997). The 
objective of TPM is to engender a sense of joint responsibility between super-
vision, operators and maintenance workers, not simply to keep machines run-
ning smoothly, but also to extend and optimise their performance overall (Hut-
chins, 1998). This is further explained by Ribbes (2000) who describes the 
aims of TPM as: 

• Establishing a corporate culture that will maximise the effectiveness of 
the production system. 

• Organising a system that has the vision of what the equipment and the 
line must be to prevent losses and achieve such ”reduction to zero” tar-
gets as: zero accidents, zero defects, and zero breakdowns in the entire 
production system life cycle. 

• Involving all functions of an organisation. 
• Involving every member of an organisation, from top management to 

front line workers. 
The main goal is to increase equipment efficiency so each piece of equipment 
can be operated to its full potential and maintained at that level (Chand and 
Shirvani, 2000). This goal is measured by using the OEE-ratio. The measure is 
based on three aspects of performance (Slack et al, 2001): 

• The time that it is available to operate 
• The speed, or throughput rate, of the equipment  
• The quality of the product 

Furthermore, six major categories of equipment losses that reduces the OEE 
have been defined (Chand and Shirvani, 2000): 
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Downtime losses 
1. Failures. Downtime losses caused by unexpected breakdowns. 
2. Set-up and adjustments. Downtime losses due to set-up and adjust-

ments such as exchanging dies in presses and plastic injection mould-
ing machines. 

Speed losses 
3. Idling and minor stoppages. Idling and minor stoppages caused by 

malfunction of sensor and blockages of work on chutes. 
4. Reduced speed. Losses caused by discrepancy between the designed 

speed and actual speed of equipment. 
Defect losses 

5. Defects in process. Losses caused by defects and reworking of defects. 
6. Reduced yield. Reduced yield losses that occur between start-up and 

stable production. 
These six major losses lead to the three generic elements of OEE: availability, 
performance efficiency, and quality rate. Availability measures the effective-
ness of maintaining tools in a condition of running products. Performance effi-
ciency measures how effectively equipment is utilised. Quality rate measures 
the effectiveness of the manufacturing process to eliminate scrap, rework and 
yield loss (Pomorski, 1997). Together these three elements constitute the OEE 
ratio as (Nakajima, 1988): 

 RE QP A   OEE ⋅⋅=   (4.2) 
where 
 OEE= Overall equipment effectiveness [%] 
 A= Availability [%] 
 PE= Performance efficiency [%] 
 QR= Quality rate [%] 
The three elements of OEE can be further broken down into the following 
equations (Nakajima, 1988). 
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where 
 A= Availability [%] 
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 tAV= Available time [time] 
 tD= Downtime [time] 
 PE= Performance efficiency [%] 
 tIC= Ideal cycle time [time] 

tOP= Available operative time [time] 
N= Number of processed products [units] 

 QR= Quality Rate [%] 
ND= Ideal cycle time [units] 

Jonsson and Lesshammar (1999) state that the greatest contribution of OEE is 
that it is a simple, but still comprehensive, measure of internal efficiency and 
that it can work as an import indicator of the continuous improvement process. 
OEE is also an effective way of analysing the efficiency of a single machine or 
an integrated machinery system (Ljungberg, 1998). Many examples where 
OEE has been successfully implemented and resulted in major improvements 
can be found in the literature. However, the application area of OEE is limited 
to the semi-automatic and automatic manufacturing processes. OEE is not suit-
able for manual manufacturing processes since it does not consider the number 
of workers working in a process and anticipates that there is a fixed ideal cycle 
time of each machine that controls the maximum processing rate (Nord and 
Johansson, 1997).  

It is important to point out that OEE measurement, alone, does not provide a 
tool to support improvement programs. The power of OEE is in the linkage of 
the OEE data to the identification of major equipment losses (Pomorski, 1997). 
There are also several aspects that OEE does not consider such as planned 
downtime and disturbances from incoming material. Ljungberg argues that the 
six major losses must be further divided into sub-groups to make the OEE 
measurement more useful. He also states that there are some problems when 
calculating speed losses due to an inappropriate definition of ideal cycle time. 
Furthermore, it is also not clear how the data of losses should be collected by 
the operators (Ljungberg, 1998). Moreover, Jonsson and Lesshammar (1999) 
found in a case study of three companies that their OEE systems did not meas-
ure strategy, flow orientation or external effectiveness to any great extent. Nev-
ertheless, the most important objective of OEE is not to get an optimum meas-
ure, but to get a simple measure that tells the production personnel where to 
spend their improvement resources. 

4.2.6 Manual assembly efficiency 
Petersson (2000) has developed a performance measure similar to the OEE 
ratio, called Manual Assembly Efficiency (MAE). While the application area of 
the OEE is limited to the automatic or semi-automatic area, the MAE is fo-
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cused on fulfilling the specific needs that manual assembly operations requires. 
A central difference between manual and automatic operations is that automatic 
operations have a relatively fixed pace, which is easy to determine when the 
equipment runs at a constant speed. The pace in manual operations, on the 
other hand, is highly dependent on the human beings that are part of the manu-
facturing system. The pace will therefore fluctuate, especially when many vari-
ants of a products is made in the same line. MAE is calculated as (Petersson, 
2000): 
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where 
 MAE= Manual assembly efficiency [%] 
 N= Number of assembled units [units] 
 tIAi= Ideal assembly time for unit i [time/unit] 
 tRi= Rework for unit i after the assembly process [time/unit] 
 NA= Number of assemblers that are registered for work [number] 

tTOT= All available time [time] 
 tPS= Total planned stop time [time] 

tUN= Total unused assembly time due to lack of order [time] 
MAE can, similar as the OEE ratio, be divided into three different components, 
which facilitates the identification of improvement potential:  

• Availability  
• Utilisation 
• Quality    

One of the main strengths with MAE is that it can monitor processes in which 
many product variants with different ideal assembly times are made. It also had 
proven to easily spot over-employment in a process (Petersson, 2000). Never-
theless, it also has some flaws. First, it does not distinguish between quality 
problems that can be related to the assembly process and the ones that are 
caused by external factors, such as defects in purchased parts. Second, MAE 
can theoretically be greater than 100% if there is no waste in the process and 
the assemblers work faster than ideal assembly time.    

4.3 Profitability ratios  
As earlier mentioned, the success of a manufacturing system or company has 
traditionally been evaluated by the use of financial measures such as monetary 
value of sales and profit. Nevertheless, one should keep in mind that these 
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types of performance measures have significant limitations and that several 
problems have been connected to the use of them. There is, for instance, no 
completely unambiguous way of knowing when a company is profitable, since 
many business opportunities involve sacrificing current profits (Ross et al, 
1993). But as described earlier, productivity and profitability often come hand 
in hand, and profitability ratios can therefore be used as indicators of produc-
tivity changes, as long as impact from the price recovery factor is kept in mind.  

Although financial measures can appear in several different forms, the follow-
ing sections will in short explain the most commonly used profitability ratios.  

4.3.1 Profit margin 
Profit margins (also known as return on sales) measure how much a company 
earns relative to its sales. These measures determine the company’s ability to 
withstand competition and adverse rising costs, falling prices or declining sales 
in the future (Ross et al, 1993). There are two types of profit margin ratios: 
gross profit margin and net profit margin. Gross profit margin measures the 
income before interest and taxes, and is calculated as: 

 
S
I  PM G =  (4.7) 

where 
 PMG= Gross profit margin [%] 
 I= Income before interest and taxes [money] 
 S= Sales [money] 
Net profit margin measures income after taxes and is calculated as: 

 
S
I

  PM T
N =  (4.8) 

where 
 PMN= Net profit margin [%] 
 IT= Income after taxes [money] 
 S= Sales [money] 
While it seems as if they measure the same attribute, their results can be dra-
matically different due to the impact of interest and tax expenses.           

4.3.2 Return on assets 
Return on assets (ROA), a measure developed by DuPont in 1919, is one of the 
most widely used financial models for performance measurements (see Figure 
17) (Zairi, 1994). ROA determines the company’s ability to utilise its assets. 
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However, it should be noted that ROA does not tell how well a company is 
performing for the stockholders. A very similar measure to ROA is the return 
on investment (ROI), which is calculated in almost the same way but is used on 
a minor level.  ROA is calculated as: 

 
tot

T

A
I

 ROA =   (4.9) 

where 
 ROA= Return on assets [%] 
 IT= Income after taxes [money] 
 Atot= Average total assets [money] 
ROA can also be expressed in terms of the profit margin and assets turnover 
(i.e. Sales / Average total assets) 

 trA  PM ROA ⋅=  (4.10) 
where 
 ROA= Return on assets [%] 
 PM= Profit margin [%] 
 Atr= Assets turnover [%] 
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Figure 17 DuPont financial model 
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4.3.3 Return on equity 
Return on equity (ROE) measures how well the company is doing for the inves-
tor (i.e. stockholders), since it tells how much income the investors are getting 
for their investments. It is calculated as: 

 
E
I

  ROE T=  (4.11) 

where 
 ROE= Return on equity [%] 
 IT= Income after taxes [money]  
 E= Equity [money] 

4.3.4 Limitations of financial measures  
There is a simple explanation for that the value the financial performance 
measures offers the company must be questioned. Financial performance meas-
ures are based on simple cost accounting systems that were developed in the 
early 1900s. Such systems are focused on controlling and reducing direct 
labour costs and designed for an environment of mass production of a few 
standardised items, which make them more or less inadequate in a manufactur-
ing environment that includes newer philosophies, such as Just-In-Time.  

Nowadays companies are experiencing a business environment that is charac-
terised by complexity, competition, change and uncertainty. The mass produc-
tion era has been replaced by a lean production era, which is now slowly trans-
forming into a new era of agile manufacturing and mass customisation. Agile 
manufacturing can be described as one key to future competition by the ability 
to thrive in rapidly changing, fragmented markets (The Iacocca Institute Re-
port, 1991). Mass customisation relates to the ability to provide customised 
products or services through flexible processes in high volumes and reasonable 
low costs. 

However, while the climate for companies has changed enormously, the tech-
niques of management accounting have changed very little. Numerous of re-
searchers have in turn exposed several limitations with the traditional approach 
to performance measurement using solely financial performance measures 
(Maskell, 1991), (Ghalayini et al, 1997), (Jagdev et al, 1997): 

• Financial measures are concerned with cost elements and try to quan-
tify performance solely in financial terms, but many enhancements are 
difficult to quantify monetarily, such as lead-time reduction, quality 
improvements and customer service. 
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• Financial reports are usually produced monthly and are results of deci-
sions that were made one or two months prior. 

• Financial measures have predetermined inflexible format that is used 
across all departments ignoring the fact that most department has its 
own unique characteristics and priorities. 

To use PMS that solely consists of financial performance measures can also 
cause several problems in the company, such as (Maskell, 1991), (Hill, 1995), 
(Crawford and Cox, 1990), (Ghalayini et al, 1997), (Jagdev et al, 1997), (Kap-
lan and Cooper, 1998), (Bitichi, 1994):    

• Financial measures show lack of relevance for the control of produc-
tion and are not directly related to manufacturing strategy. Excessive 
use of ROI also distorts strategy building and may conflict with strate-
gic objectives.  

• Traditional criteria such as cost efficiency and utilisation may pressure 
managers and supervisors for short-term result and, for that reason, 
discourage improvements.  

• Financial measures do not report accurately on the cost of processes, 
products, and customers. They are also focused on controlling proc-
esses in isolation rather than as a whole system. 

• Financial measures are not always applicable to the new management 
techniques that give shop-floor-operators responsibility and autonomy. 

• Financial measures do usually not penalize overproduction and do not 
adequately identify the cost of quality. 

4.3.5 Activity-based costing  
To cope with the demands from today’s business environment, a new approach 
to cost accounting, known as activity-based costing (ABC), was developed by 
Kaplan and Johnson in the late 1980’s as an attempt to resolve some of the 
fundamental inadequacies of traditional cost accounting (Kaplan and Cooper, 
1998). 

ABC is concerned with the cost of activities within a company and their rela-
tionships to the manufacture of specific products rather than on functional base 
(Hill, 1995). The basic technique of ABC is to analyse the indirect costs within 
a company and to discover the activities that cause those costs. Such activities 
are called cost-drivers and can be used to apply overheads to specific products. 
In this way, it is believed that ABC results in a more accurate identification of 
costs than traditional cost allocation.  

According to Maskell (1991), several practical cases indicate that ABC can be 
of practical value for product pricing, production decision making, overhead 
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cost reduction, and continuous improvement. But on the other hand, there are 
also researchers who concur that the claim that ABC provides more accurate 
product costs has never been proven (Neely et al, 1997).  

However, as it is argued that even an improved cost accounting system will not 
entirely solve the problem with financial measures, other measures than cost 
are needed to gauge adequately manufacturing performance relative to a com-
petitive strategy (White, 1996). This is why many researchers have focused on 
developing more complex conceptual performance measurement frameworks 
during the last decade. Most of these frameworks propose that a PMS should 
include both cost and non-cost performance objectives, it is also argued that 
such an approach are more suitable for the business environment of today than 
the use of traditional performance measures.  

In the light of this, the next section will deal with some of the more well-
known conceptual performance measurement frameworks.  

4.4 Conceptual performance measurement 
frameworks 
In the previous sections, different types of individual performance measures 
have been classified in a number of ways. Now the discussion turns to the more 
extensive conceptual frameworks that have been developed in order to help 
measurement practitioners to design PMS. Some of these frameworks are very 
strict on what performance measures that will be included in the PMS. Others 
emphasise that a company should have a unique PMS and guide the measure-
ment practitioners how to select and design performance measures. However, 
all conceptual frameworks have in common that they endorse a particular ty-
pology (or arrangement) that the performance measures in the PMS must be 
structured according to. They are also mainly focused on the first of the four 
phases of performance measurement system development (see section 1.5). 
Little attention is paid to the forth phase (i.e. the continuous updating of the 
performance measures), which this research has explored in particular.      
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4.4.1 Classification of PMS 
In a PMS a set of measures is combined in order to get a complete picture of 
the performance of a company. According to Toni and Tonchia (2001), the 
main models of PMS in the literature can be referred to five typologies: 

1. PMS that are strictly hierarchical, characterised by cost and non-cost 
performance on different levels of aggregation, till they ultimately be-
come economic financial (see for example: Lockamy and Cox, 1994). 

2. PMS that are “balanced scorecard”, where several separate perform-
ances, which correspond to diverse perspectives (financial, customer, 
etc), are considered independently (Kaplan and Norton, 1992), (Mas-
kell, 1991). 

3. PMS that can be called “frustum”, where there is a synthesis of low-
level measures into more aggregated indicators, but without the scope 
of translating non-cost performance into financial performance (Cross 
and Lynch, 1992). 

4. PMS that distinguish between internal/external performances (Thor, 
1993). 

5. PMS that are related to the value chain (Sink and Tuttle, 1989), (Mo-
seng and Bredrup, 1993). 

Further, the models described above can in turn be distinguished by three dif-
ferent architectonic connotations: vertical (or hierarchical), balanced (or a 
“tableau”) and horizontal (or by process). These architectonic connotations 
lead to the classification of PMS illustrated in Figure 18 (Toni and Tonchia, 
2001).  
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Figure 18 Classification of PMS (Toni and Tonchia, 2001) 
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4.4.2 Examples of conceptual frameworks 
The Sink and Tuttle framework 

The Sink and Tuttle framework is a classical approach to design a PMS (see 
Figure 19), which claims that the performance of an organisation is a complex 
interrelationship between seven performance criteria (Sink and Tuttle, 1989): 

1. Effectiveness, which involves doing the right things, at the right time, 
with the right quality. In practice, effectiveness is expressed as a ratio 
of actual output to expected output. 

2. Efficiency, defined as a ratio of resources expected to be consumed to 
resources actually consumed. 

3. Quality, where quality is an extremely wide concept. To make the term 
more tangible, quality is measured at several checkpoints. 

4. Productivity, which is defined as the traditional ratio of output to input.  
5. Quality of work life, which is an essential contribution to a well per-

forming system. 
6. Innovation, which is a key element in sustaining and improving per-

formance. 
7. Profitability/budgetability, which represents the ultimate goal for any 

organisation. 

Upstream
system Input Transormation

process Output Downstream
system

3. Quality

7. Profitability/
Budgetability

1. Effectiveness

2. Efficiency
6. Innovation

5. Quality of worklife

4. Productivity

 

Figure 19 Definitions of seven performance criteria (Sink and Tuttle, 1989) 

Although much has changed in the industry since this model was first intro-
duced, these seven performance criteria are still important. However, the model 
has its limitations, for example it does not consider the need for flexibility that 
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has increased during the last two decades. The model is also limited by the fact 
that it does not consider the customer perspective. 

The TOPP performance model 

Efficiency

Adaptability

Effectiveness  

Figure 20 Performance model from TOPP (Rolstadås, 1998) 

In addition to the work of Sink and Tuttle (1989), the researchers within the 
TOPP project19 looked at performance as integration of three dimensions: effi-
ciency, effectiveness and adaptability, see Figure 20. The first two dimensions 
in the TOPP performance model are the same as in the Sink and Tuttle model, 
while the third expresses to which extent the company is prepared for future 
changes.   

The balanced scorecard 

One of the most well known conceptual performance measurement frameworks 
is the balanced scorecard developed and promoted by Kaplan and Norton 
(1992). The balanced scorecard proposes that a company should use a balanced 
set of measures that allows top managers to take a quick but comprehensive 
view of the business from four important perspectives, see Figure 21. In turn, 
these perspectives provides answers to four fundamental questions: 

1. How do we look to our shareholders (financial perspective)? 
2. What must we excel at (internal business perspective)? 
3. How do our customers see us (the customer perspective)? 
4. How can we continue to improve and create value (innovation and 

learning perspective)? 
 

                                                      
19 TOPP was a research program carried out in Norway (1992-1996) studying productivity issues 
in Norwegian manufacturing industry.  
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Goals Measures
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Figure 21 The balanced scorecard (Kaplan and Norton, 1992) 

Evidently, the balanced scorecard includes financial performance measures 
giving the results of actions already taken. It also complements the financial 
performance measures with more operational non-financial performance meas-
ures, which are considered as drivers of future financial performance. Kaplan 
and Norton (1992) argue that giving information from four perspectives, the 
balanced scorecard minimises information overload by limiting the number of 
measures used. It also forces managers to focus on the handful of measures that 
are most critical. Further, to use several perspectives also guard against sub-
optimisation by compelling senior managers to consider all measures and 
evaluate whether improvement in one area may have been achieved at the ex-
pense of another.  

According to Ghalayini et al (1997), the main weakness of this approach is that 
it is primarily designed to provide senior managers with an overall view of 
performance. Thus, it is not intended for or applicable at the factory operations 
level. Further, they also argue that the balanced scorecard is constructed as a 
monitoring and controlling tool rather than an improvement tools. Furthermore, 
Neely et al (2000) argue that although the balanced scorecard is a valuable 
framework suggesting important areas in which performance measures might 
be useful, it provides little guidance on how the appropriate measures can be 
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identified, introduced and ultimately used to manage business. They also con-
cluded that the balanced scorecard does not at all consider competitors.   

The performance measurement matrix 

Similar to the balance scorecard but not as an extensive framework is the per-
formance measurement matrix, which was proposed in the late 80’s by Keegan 
et al (1989), see Figure 22. This framework promotes PMS that integrates four 
different classes of business performance: cost and non-cost, internal and ex-
ternal. 

-Repeat buyers
-Customer complaints
-Market share

-Design cycly
-Percent on time delivery
-New products

-Competitive cost position
-Relative R&D expenditure

-Design cost
-Material cost
-Manufacturing cost

Non-cost Cost

Ex
te

rn
al

In
te

rn
al

 

Figure 22 The performance measurement matrix (Keegan et al, 1989) 

The performance pyramid 

An important requirement of a PMS is that there must be a clear link between 
the performance measures at the different hierarchical levels in the company, 
so that each function and department strives towards the same goals. One ex-
ample of how this link can be achieved is through the performance pyramid 
(i.e. the SMART system), proposed by Cross and Lynch (1992). Such a PMS 
starts at the top of the pyramid with the company’s vision. The second level, 
business units, compromises the company’s key results, objectives and meas-
ures in two ways: reaching short-term targets of cash flow and profitability; 
and achieving long-term goals of growth and market position (e.g. market, 
financial). The business operating system bridges the gap between top-level 
and day-to-day operational measures (e.g. customer satisfaction, flexibility, 
productivity). Finally, four key performance measures (e.g. quality, delivery, 
cycle time, waste) are used at departments and workcenters on a daily basis. 
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Operations

Business
units
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External
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Figure 23 The performance pyramid (Cross and Lynch, 1992) 

As stated by Ghalayini et al (1997), the main strength of the performance 
pyramid is its attempt to integrate corporate objectives with operational per-
formance indicators. However, this approach does not provide any mechanism 
to identify key performance indicators, nor does it explicitly integrate the con-
cept of continuous improvement. 

The performance measurement questionnaire 

Another conceptual framework that is often referred to in the performance 
measurement literature is the performance measurement questionnaire (PMQ) 
developed to help managers identify the improvements needs of their organisa-
tion, to determine to which extent the existing performance measurers supports 
improvements and to establish an agenda for performance measure improve-
ments (Dixon et al, 1990). The result of the PMQ is evaluated in four types of 
analysis: alignment, congruence, consensus and confusion. 

The PMQ has the advantage of providing a mechanism for identifying the im-
provement areas of the company and their associated performance measures. 
However, Ghalayini et al (1997) argue that it cannot be considered as a com-
prehensive integrated measurement system and does not take into account con-
tinuous improvement.  
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Theory Of Constraints 

Many researchers state that there is a need to limit the number of used perform-
ance measures in the PMS to avoid information overflow (Jackson, 2000). 
Goldratt (1990) has developed such an approach named as the Theory Of Con-
straints (TOC). TOC emerged in the mid 1980s as a process of ongoing im-
provement. TOC researchers have focused on production planning and sched-
uling methods, but have also been involved in performance measurement.  
Within a system, a constraint is defined as anything that limits the sys-
tem from achieving higher performance relative to its purpose. While the 
concept of TOC is simple, it is far from simplistic. To a large degree, the 
constraint/non-constraint distinction is almost totally ignored by most 
managerial techniques and practices (Moore and Scheinkopf, 1998). 
TOC offers a systematic and focused process that organisations use to 
successfully pursue ongoing improvement. The TOC’s “five steps of 
focusing” are conducted in the following way (Goldratt, 1990). 

1. Identify the system’s constraint. 
2. Decide how to exploit the system’s constraint. 
3. Subordinate everything else to the above decisions. 
4. Elevate the system’s constraint. 
5. When a constraint is broken go back to step one. 

Within the TOC three global performance measures are used for assessing a 
business organisations ability to obtain the goal (i.e. making money). These 
global measures are net profit, ROI, and cash flow: 

 OE-T profit Net =  (4.11) 

 
I
OE-T  ROI =  (4.12) 

where 
T= Throughput: the rate which the systems generates money through sales  

[monetary unit] 
I= Inventory: all the money the system invests in purchasing things the 

system intends to sell [monetary unit] 
OE= Operating Expense: all the money the system spends in turning inven-

tory into throughput [monetary unit] 
These definitions can also be used to measure productivity as a ratio of 
throughput divided by operating expense. 

Studies have shown that one of the strengths of the TOC approach is that it 
provides focus in a world of information overload (Tangen, 2002a), (Tangen, 
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1999). Another advantage is that the performance measures within TOC are 
both easy to access and easy to comprehend. However, TOC is far from being a 
complete PMS. One could argue that TOC simplifies the reality little too much, 
since TOC assumes that there always is a legible constraint in the system, 
which is not necessarily true. A system is all the time exposed to various of 
circumstances, which in turn can result in that constraints are frequently created 
and eliminated. Furthermore, TOC do not consider other performances than 
financial and its relation to company strategy, as ‘making money’ is somewhat 
naive (Tangen, 2004a). 

The performance prism 

A one of the more recent developed conceptual frameworks is the performance 
prism (see Figure 24), which describe that a PMS should be organised around 
five distinct but linked perspectives of performance (Neely et al, 2001): 

1. Stakeholder satisfaction – Who are the stakeholders and what do they 
want and need? 

2. Strategies – What are the strategies we require to ensure the wants and 
needs of our stakeholders? 

3. Processes – What are the processes we have to put in place in order to 
allow our strategies to be delivered? 

4. Capabilities20 – What are the capabilities we require to operate our 
processes 

5. Stakeholder contributions – What do we want and need from stake-
holders to maintain and develop those capabilities? 

The performance prism has a much more comprehensive view of different 
stakeholders (e.g. investors, customers, employees, regulators and suppliers) 
than other frameworks. Neely et al (2001) argue that the common belief that 
performance measures should be strictly derived from strategy is incorrect. It is 
the wants and needs from stakeholders that first must be considered. Then, the 
strategies can be formulated. Thus, it is not possible to form a proper strategy 
before the stakeholders have been clearly identified.   

                                                      
20 Capabilities are the combination of people, practices, technology and infrastructure that to-
gether enable execution of the organisation’s business processes (both now and in the future). 
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Stakeholder satisfaction
Investors, Customers, Intermediaries, Employees,
Regulators, Communities, Suppliers

Strategies
Corporate, Business unit
Brands/Products/Services

Processes
Develop products & services, Generate demand,
Fulfil demand, Plan & manage enterprise

Capabilities
People, Pratices, Technology, Infrastructure

Stakeholder contribution

 

Figure 24 The performance prism (Neely et al, 2001) 

The strength of this conceptual framework is that it first questions the com-
pany’s existing strategy before the process of selecting measures is started. In 
this way, the framework ensures that the performance measures have a strong 
foundation to rely on. The performance prism also considers new stakeholders 
(such as employees, suppliers, alliance partners or intermediaries) that are usu-
ally neglected when forming performance measures.  

However, a problem is that the attention has been placed on the process of find-
ing the right strategies that the development of a PMS should be based on, but 
little concentration is given on the process of the actual design of a PMS. In 
other words, the performance prism extends beyond performance measurement, 
but tells little about how the performance measures is going to be realised. 
“The Neely Group” has previously published many useful tools in this area and 
should, if possible, create a better link between such tools and the performance 
prism.  

Another weakness, which also applies to the previously described frameworks, 
is that little or no consideration is given for existing PMS that companies may 
have in place (Medori and Steeple, 2000). Notable is that this issue has even 
been pointed out by Neely in an earlier publication (Neely et al, 1994):   

“Business rarely wants to design PMS from scratch. Usually man-
agers are interested in eliminating any weaknesses in their existing 
system” 

Medori and Steeple (2000), further state that all conceptual framework have 
their relative benefits and limitations, with the most common limitation being 
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that little guidance is given for the actual selection and implementation of the 
selected measures. 

In conclusion, it should be noted that this section has only briefly discussed 
some of the existing conceptual frameworks in the field of performance meas-
urement. Reviews of other frameworks can be found in the performance litera-
ture (Neely et al, 1995), (White, 1996), (Tonia and Tonchia, 2001). 

4.5 Methods to design performance measures 
Clearly, to design an appropriate set of performance measures to use at a com-
pany or a manufacturing system is not an easy task and several aspects must be 
taken into consideration. Sink and Tuttle (1989) state that a method is needed 
by which organisations can create PMS suited to their own special needs and 
circumstances rather than a standard set of measurements created by experts 
and imposed on organisations. Within this research several such methods have 
been found in the literature. 

For example, Wisner and Fawcett (1991) argue that a firm’s strategy should be 
the origin of a PMS and present the following nine-step process to design per-
formance measures.  

1. Clearly define the firm’s mission statement. 
2. Identify the firm’s strategic objectives using the mission statement as a 

guide (profitability, market share, quality, cost, flexibility, dependabil-
ity and innovation). 

3. Develop an understanding of each functional area’s role in achieving 
the various strategic objectives. 

4. For each functional area, develop global performance measures capable 
of defining the firm’s overall competitive position to top management. 

5. Communicate strategic objectives and performance goal to lower levels 
in the organisation. Establish more specific performance criteria at 
each level. 

6. Assure consistency with strategic objectives among the performance 
criteria used at each level 

7. Assure the compatibility of performance measures used in all func-
tional areas. 

8. Use the performance measurement system to identify competitive posi-
tion, locate problem areas, assist the firm in updating strategic objec-
tives and making tactical decisions to achieve these objectives, and 
supply feedback after the decisions are implemented. 
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9. Periodically re-evaluate the appropriateness of the established per-
formance measurement system in view of the current competitive envi-
ronment. 

The nine-step process presented by Wisner and Fawcett (1991) seems to be 
very good from a strategic point of view. It is useful in the way that it clearly 
specifies the steps that must be taken in order to design a PMS. Unfortunately, 
it makes no attempt to explain how to design performance measures at the op-
erational level. In addition to Wisner and Fawcett (1991), Thor (1993) gives a 
more operational view on the problem and proposes ten different rules for 
building performance measures:  

1. Clearly identify your purpose for measuring 
2. Choose an appropriate balance between individual and group measures 
3. Measure all the key elements of performance 
4. Be sure the measures adequately reflect the customer’s point of view – 

whether the customer is external or internal 
5. Use care in generating competitive benchmarks 
6. Give some time to tedious technical adjustments (garbage in, garbage 

out) 
7. Develop or modify the system as participatively as possible 
8. Cost/benefit analysis applies to data availability also 
9. If strategies change, so can measures 
10. Performance improvement is a long-term process; top management pa-

tience is needed toward newly measured results 
Sink and Tuttle (1989) also present similar guidelines on the design of opera-
tional performance measures: 

• Measure what is important, not what is easy. 
• One must create visibility and ownership for the resulting measure-

ments systems in order to ensure effective long-term use. 
• What is needed is not a standard set of measurements created by ex-

perts and imposed on organisations, but rather a method by which or-
ganisations can create performance measurement systems suited to 
their own inevitably special needs and circumstances. 

• The greater participation in the process of creating a performance 
measurement system, the greater the resulting performance change, and 
the greater the ease of implementation of future changes based upon 
performance measurement. 

• A performance measurement system must not appear to those involved 
as simply a passing fad. 

• To be useful, the system must not be credible to whose behaviours are 
being assessed, and not seen as gamed. 



 

82 

• Boundaries of the organisational unit to be measured must be clearly 
defined. 

These two approaches should be considered as valuable guidelines to remem-
ber when designing performance measures. Few can argue that they are not 
valid. However, they do not give the actual means to develop a PMS. As em-
phasised by Medori and Steeple (2000), little guidance is given for the actual 
selection and implementation of the selected measures. In order for these ap-
proaches, as well as Wisner and Fawsett’s, to be useful to any larger extent 
they need to be further specified and explained in detail.  

Stage 1
Company

succes
factors

Stage 2
Performance
measurement

grid

Stage 5
Implementation

of
measures

Stage 4

Audit

Stage 3
Selection

of
measures

Stage 6
Periodic maintenance  

Figure 25 A PMS audit and enhancing method (Medori and Steeple, 2000) 

Medori and Steeple (2000), present an integrated framework for auditing and 
enhancing PMS. This process approach consists of six detailed described stages 
(see Figure 25). Similar to most frameworks, the starting point begins with 
defining the company’s manufacturing strategy and success factors (stage 1). In 
next stage, the primary task is to match the company’s strategic requirements 
from the previous stage with six defined competitive priorities (e.g. quality, 
cost, flexibility, time, delivery and future growth (stage 2). Then, the selection 
of the most suitable measures takes place by the use of a checklist that contains 
105 measures with full descriptions (stage 3). After the selection of measures, 
the existing PMS is audit so it can be decided what existing measures that will 
be kept (stage 4). An essential activity is the actual implementation of the 
measures in which each measure is in detail described by eight elements: title, 
objective, benchmark, equation, frequency, data source, responsibility and im-
provement (stage 5). Finally, the last stage is revolved around periodically re-
viewing the company’s PMS (stage 6). 

In contrast to the previous processes, this one is beyond “being simple guide-
lines” and can actually be followed by a measurement practitioner in practise. 
A major advantage is that it can both be used to design a new PMS and en-
hance an existing PMS. It also contains a unique description of how perform-
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ance measure should be realised. Its limitations are mainly located in stage 2 
where a performance measurement grid is created in order to give the PMS its 
basic design. Little guidance is given here as well as the grid is only con-
structed to consider six competitive priorities (e.g. quality, cost, flexibility, 
time, delivery and future growth). As described earlier, performance measures 
can be divided into many other categories.    

In conclusion, when designing PMS, it should also be remembered that the 
most advanced measurement system is not always the best. Various measures 
have been designed to analyse the performance of various factors separately. 
Baines (1997) explains that too much attention on detail can be misleading and 
take attention away from the main issues, and argues for simplicity. A simple 
chart is suggested where effects from three different performance measures are 
separately monitored (e.g. company growth, price recovery and productivity).   

4.6 Summary of ways to measure performance  
It is here believed that this chapter has provided an answer to the second re-
search question, which has been formulated as: 

RQ2. How can performance measures be categorised and what main theories 
exist on performance measurement system design? 

This research question has a rather broad nature, which in turn means that it is 
difficult to give a concise answer to it. As shown in this chapter, there are many 
ways to categorise performance measures, as well as many theories exist on 
performance measurement system design. The chapter is summarised in Figure 
26, which includes: different ways to categorise performance measures, re-
viewed productivity and profitability measures, two classifications of PMS, 
examples of conceptual frameworks and processes to design performance 
measures.  
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Different categories of performance measures  

(1) Cost, non-cost  
(2) Quality, speed, dependability, flexibility, cost, innovation 
(3) Source of data, type of data, reference, orientation to process 
(4) Results, determinants 
(5) Decision type, aggregation level, measurement unit 
(6) Stakeholders perspectives: Customer, employee, shareholder, suppliers, society 
(7) Different hierarchical levels 

Common productivity measures  

Traditional:  
Partial productivity (labour, capital, material, 
energy) 
TFP (value-added productivity) 
Total productivity 

New approaches: 
Time-based productivity 
Overall equipment effectiveness 
Manual assembly efficiency 

Common profitability measures 

Traditional:  
Return on assets 
Profit margin 
Return on equity 

New approaches: 
Activity-based costing measures 

Classification of Performance Measurement Systems 

(1) Hierarchical, balanced scorecards, frustum, internal/external, value chain 
(2) Vertical, balanced, horizontal 

Examples of conceptual performance measurement frameworks 

The Sink and Tuttle framework  
The TOPP performance model  

Balanced scorecard  
Performance measurement matrix 

Performance pyramid 
Performance measurement questionnaire  

Theory of constraints 
The performance prism 

Processes to design performance measures 

Wisner and Fawcett’s nine steps 
Thor’s 10 rules 

Sink and Tuttle’s guidelines  
Medori and Steeple’s audit framework 

Figure 26 Summary of ways to measure performance  
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5 KEY-FACTORS INFLUENCING 
PRODUCTIVITY 

In this chapter a number of key-factors that generally have a major impact on 
the productivity of a manufacturing company are discussed. These factors 
should be considered when evaluating and designing performance measures. 
First, the manufacturing system itself is described followed by an analysis and 
discussion of numerous key-factors, categorised into five groups: design of 
processes and equipment, disturbances and losses, management and control, 
product design, and job design and work organisation.   

5.1 Defining manufacturing 
It is not easy to clearly define or even to describe the term that in this doctoral 
thesis has been referred to as a manufacturing company. Such companies can 
appear in many different forms and sizes, ranging from small companies with 
less than ten employees to multi-national manufacturers with thousands of 
workers in numerous countries. Some manufacturing companies produce a 
small number of complex customer-tailed products, while others have focused 
on tiny standardised products in large volumes, such as screws and bolts. How-
ever, all manufacturing companies have one thing in common: they are all, in 
some way, transforming input (i.e. resources) to output (i.e. products) in a 
manufacturing process. Furthermore, the better they get of transforming input 
to output, the more competitive they will be and the more money they will 
earn. In other words, productivity improvement is of vital importance to a 
manufacturing company.  

As illustrated in Figure 27, a manufacturing company’s production system 
contains several important functions. A central element is the flow of materials 
through the company, which starts with purchasing and ends with sales. What 
other functions that is included in the flow is very case specific. Usually, dif-
ferent parts are being machined and thereafter assembled into products. An-
other important element is the flow of information between various support 
functions and the material flow.  
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Figure 27 A simplified description of a production system and its functions 
(Andreasen et al, 1983)  

One should distinguish between the two terms production system and manufac-
turing system. In this doctoral thesis the manufacturing system has been de-
fined as a subset to the production system. This means that the whole figure 
above should be interpreted as a production system, while the two areas ma-
chining and assembly represent the actual manufacturing system. 

From a productivity viewpoint, it easy to realise that all functions have their 
unique purpose in a manufacturing company and it is important to adopt a ho-
listic approach, when studying how to measure or improve it. As stated by 
Karlsson (2002), manufacturing is a subject of an ever-increasing level of com-
plexity. The complexity comes from many different sources, such as: 

• Customers: Customer demands changing over time in areas like cus-
tomer specific product variants, demands put on delivery-times, quality 
of the product etc.    

• Company owners: The demands put on a company to generate profit 
may change over time. 

• Technical issues: both related to the current manufacturing processes 
and to current product design 

• Human factors: involving employees etc. 
• Suppliers: Sellers of services, material and components are also com-

panies, subject to the same sources of complexity as the own company. 
• Technical innovation: last but not least, available and non-available 

technology for the customers to ask for, to improve ones own opera-
tions with etc.   
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5.2 Discussion of important key-factors  
In order to be able to evaluate if the performance measures that are used within 
a manufacturing company (or sub-system within the manufacturing company) 
are appropriate, one of the first steps is to understand what parameters or key-
factors that are of most importance to the manufacturing company’s productiv-
ity. The performance measures that are used should, of course, reflect the im-
pact of the identified key-factors, otherwise they can be considered as obsolete 
measures. This chapter will therefore discuss a number of key-factors that gen-
erally may have a major impact on the productivity of a manufacturing com-
pany.    

Obviously, productivity is on one hand dependent on the number of products 
that are being correctly produced, and on the other hand on the resources (e.g. 
labour, equipment, material, energy) that are being consumed during the manu-
facturing process. From a manager’s economical point of view, company pro-
ductivity can therefore be improved through increased added value and/or cost 
reductions. Unfortunately, the centre of attention at a majority of companies is 
almost all the time cost reductions. The other variable (i.e. added value) is too 
often ignored. Furthermore, these two variables are in turn decided by a huge 
number of interlinked factors that exist in the manufacturing company and its 
production system. Jones (1990), for instance, state that there are other ways to 
improve productivity than through cost reductions, such as: 

• Capital investments (i.e. new equipment) 
• Technology investments (i.e. research and development) 
• Human resource development 

Capital investment is probably the factor here that can have the largest impact 
on productivity. Thus, new equipment supports productivity in the long term if 
handled properly (Peterson, 2000). It is, of course, necessary to actually utilise 
new capital investments to a high degree. Otherwise, they can easily decrease 
productivity, since more resources are in fact used. It may be needed to com-
bine capital investments with training and learning in the organisation. Hence, 
the organisational learning connected to an investment is often considered to 
increase productivity than the investment itself (Hayes and Clark, 1995).  

In addition, Hayes and Clark (1995) state that the following factors, including 
organisational learning, should be considered when studying the productivity 
of a process. 

• Waste 
• Work-In-Process (WIP) 
• Uncertainty 
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• Organisational learning 
• Plant size and plant location 

As earlier discussed in section 3.1.2, there is a strong relation between waste 
and productivity. Hayes and Clark (1995) even argue that productivity in-
creases and waste reductions seem to have a linear relationship.   

Grünberg (2004) presents an extensive set of performance factors from a lit-
terateur survey and categorises them according to whether they relate to (also 
see: Grünberg and Tangen, 2003), (Grünberg and Nordell, 2002): 

• Processes: lead-times, bottlenecks, materials flow, volumes, develop-
ment, inventory, integration, losses, layout, measurement, transport and 
cycle-times.  

• Resources: organisation, efficiency, measurement, work methods, ca-
pacity, communication, motivation, satisfaction, accidents, resetting, 
utilisation, maintenance, scheduling, absenteeism, ergonomics, new 
technology, competence, losses and down time. 

• Products: development, design for assembly, product variants, stan-
dardisation and modularisation.  

• Control: purchasing, ABC, overproduction, total quality, location, fi-
nancing, administration, subcontracting, routines, suppliers, customers, 
outsourcing, planning, cost and articles. 

This categorisation of performance factors may be a useful tool when trying to 
identify possible improvement areas within manufacturing companies, how-
ever, it makes no attempt to explain what influence each factor has or how to 
deal with the presented factors. An obvious weakness with the classification is 
that some factors appear in several of the categories and a slightly different 
classification will therefore be used in this thesis when some key-factors are 
discussed more deeply. One should remember that it is not possible to describe 
every single existing factor affecting a manufacturing company and its produc-
tion system. Nevertheless, the following sections will treat some of the most 
important key-factors found to affect productivity and discuss more or less how 
to deal with them.  

5.3 Analysis of key-factors  
Manufacturing and important key-factors affecting productivity is here divided 
into five main areas: design of processes and equipment, disturbances and 
losses, management and control, product design, and job design and work or-
ganisation. The boundaries between these areas are not defined exactly since 
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the areas many times are closely related and changes in one area may have an 
effect in another.  

5.3.1 The design of processes and equipment 
The physical design of the manufacturing system is a critical issue (Makino 
and Arai, 1994), (Wiktorsson, 2000), (Säfsten, 1998). A manufacturing system 
includes different types of processes and equipment as well as it can be ar-
ranged in numerous of ways, consequently affecting the productivity of the 
system variously. Rampersad (1994), for example, explains that there are sev-
eral variables that play a role in each stage of the design process when a manu-
facturing system is developed. As illustrated in Figure 28, the variables are 
divided into product, assembly system and assembly process. Each variable can 
in turn be classified into three levels of abstraction. Even though the model that 
Rampersad (1994) describes is mainly focused on the assembly area, it is 
probably as applicable to the manufacturing area as well. An important aspect 
is that in the case of a change in one or more of these variables, the other vari-
ables will also have to change. Since each company is unique, a suitable design 
of processes and equipment will vary greatly, but it is important from a produc-
tivity view point that each piece of equipment or system component responsi-
ble for the processes is working as efficient as possible.    

 

Figure 28 The integral assembly model (Rampersad, 1994) 
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Flow principle and layout 

One of the more important aspects that determine the characteristics of the 
manufacturing system’s structure is how the materials flow through the system 
is arranged. The units in a manufacturing system can be connected to each 
other into a main system according to three flow principles: 

• Serial flow or line flow 
• Parallel flow 
• Single station (i.e. manufacturing cell)  

In the serial flow, repetitive manufacturing tasks with short cycle times are 
performed in each unit, where the aim is to reach high efficiency. It is further 
relatively easy to serve a serial flow with materials. However, the reliability of 
such a system is rather low since each station is dependent on the functionality 
of others. Another drawback with the serial flow is that several forms of losses 
tend to increase: 

• Balancing losses: Short cycle time makes is difficult to divide the tasks 
equal between all the stations.  

• Handling losses: More handling is necessary, which is usually consid-
ered as a non-value-adding activity, when the tasks to complete a 
product are divided between stations. 

• System losses: A problem that arises in a serial flow is the fluctuations 
of the process time and the availability in each station. Fluctuations in 
one station can result in that the nearby stations must stop since they 
are stocked or starved of material (see Figure 29). This problem in-
creases with the number of stations in the line. However, system losses 
can be reduced by the use of buffers since they make the manufactur-
ing system less sensitive to disturbances. But on the other hand, buffers 
can also decrease productivity since the lead time increases and more 
input (in this case WIP) is used in the transformation process.  
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Figure 29 Illustration of system losses 

In the parallel flow each station performs several tasks, which results in a 
longer cycle time. The parallel flow has several advantages compared to the 
serial, such as increased flexibility and reliability. It is, for example, relatively 
easy to change the capacity of a parallel system by adding or removing a sta-
tion. Furthermore, the reliability is higher since no single station is dependent 
on another. A major disadvantage with the parallel flow is that plenty of 
equipment is needed in all stations so they are able to do the required tasks. 
This is of course expensive, but it can also be difficult to make room for a lot 
of equipment in a single station. Another problem is that it can be very compli-
cated to serve the stations with material.     

From a productivity point of view, none of the flow principles can be consid-
ered better than the other due to the fact that each case has its own circum-
stances and possibilities. However, it is important that the most appropriate 
flow principle has been applied to the manufacturing system, and that the spe-
cific losses (as discussed above) related to the applied flow principle is ob-
served and minimised.  

Flexibility requirements 

Originally, the term flexibility stems from the Latin word for bendable (Web-
ster’s universal dictionary), and can in short-term be described as the ability to 
change. The importance of the ability to change within a manufacturing context 
has increased significantly during the last years, since product lifecycles are 
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constantly decreasing at the same time as the demands for customised products 
are increasing. Even though flexibility has the last decades been the subject of 
a lot of research, there is unfortunately no consensus among researchers how it 
should be defined. Since it is neither any best definition of flexibility nor a 
generally accepted one, this section will, instead of discussing the meaning of 
the term in detail, focus on the flexibility requirements that are important to the 
manufacturing system. However, to avoid misunderstandings it is important to 
emphasise how the term is used in this thesis (adopted from Upton, 1994): 

“Flexibility is the ability to change or react with little penalty in 
time, effort, cost or performance.”    

Obviously, a very wide definition of flexibility has been chosen, but it is ad-
vantageous since it pinpoints the core problem. In fact, if there were no penalty 
for change, flexibility would never be a problem. Penalty of change can in turn 
be discussed from two viewpoints. First, different changes that occur will result 
in different levels of penalty. Second, the probability that a change occur is 
most relevant (Chryssolouris, 1996). It is therefore vital that the changes with 
the largest impact in penalty combined with highest probability to occur are 
prioritised.   

Depending upon the particular manufacturing system and as changes can be of 
different time frames and scope different types of flexibility may be relevant. 
Browne et al (1984) distinguish between eight types of flexibility in a manufac-
turing system: 

• Machine flexibility: the ease of making changes in the machines re-
quired to produce a given set of part types. 

• Process flexibility: the ability to produce a given set of part types, each 
possible using different materials, in different ways. 

• Product flexibility: the ability to changeover to produce new (set of) 
products very economically and quickly. 

• Routing flexibility: the ability to change routing, to handle breakdowns, 
and to continue producing the given set of part types. 

• Volume flexibility: the ability to economically vary production vol-
umes. 

• Expansion flexibility: the ability of building a system and expanding it 
easily and in a modular fashion. 

• Operation flexibility: the ability to interchange the ordering of several 
operations for each part type. 

• Production flexibility: the universe of part types that the manufacturing 
system can produce. 
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This list is not comprehensive and one should be aware of that there are nu-
merous of other flexibility classifications. Another way of looking at the flexi-
bility is, for example, to separate static flexibility21 from dynamic flexibility. 
Static flexibility means the ability to adopt the system rapidly for other prod-
ucts in response to changing needs and opportunities. Dynamic flexibility is 
referred to as the systems ability to adapt to changing circumstances during 
run-time (Allingham, 1990). This classification highlights the important aspect 
of the time horizon. While some situations demands instance flexibility within 
seconds, other situations may require years. 

As emphasised by Alsterman (2001), flexibility can also be discussed from 
various hierarchical perspectives: 

• A company could be flexible by having a lot of factories to choose 
from when putting the products in production. 

• A factory could be flexible by having different assembly systems to 
run production. 

• An assembly system could be flexible by allowing different kinds of 
assembly cells within the system. 

• An assembly cell could be flexible by allowing different feeders to be 
used. 

• A feeder could be flexible by allowing different parts to be fed. 
A relevant question in this research is how productivity and flexibility is re-
lated to each other. A common belief is that productivity can be traded off 
against flexibility. Consequently, people tend to believe the more flexible a 
manufacturing system is, the less productive it will be (Peterson, 2000). As 
stated by Chen et al (1992), high quality may be enough to achieve a desired 
level of productivity in a business environment where the type and size of de-
mand is stable. However, in a changing business environment where there is 
significant uncertainty about the size and type of demand (which is usually the 
case today), flexibility is required to maintain high levels of productivity. Thus, 
flexibility enables the manufacturing system to conform and adapt to changes 
or new circumstances so that productivity is not decreased. In order words, a 
manufacturing system that is not flexible enough will not be able to produce 
the output that the customers desire, alternatively it will require more resources 
than necessary in the transformation process.    

Unsteady behaviour patterns of customers, suppliers and competitors combined 
with inaccurate sales projections cause major problems to manufacturing com-
panies, since they are forced to adjust to frequent and quick changes. Flexibil-
                                                      
21 Static flexibility are sometimes referred to as reconfigurability 
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ity may therefore be one of the most important abilities of a productive manu-
facturing system. Nevertheless, since it is usually more expensive to buy a 
flexible system than a less flexible one, the goal is not the flexibility itself. The 
goal is to have the right type of flexibility to the minimum required level of 
flexibility, no more no less. An important conclusion is also that it is often 
easier to achieve high productivity in a system when the environment’s demand 
for flexibility is low.  

The flexibility requirements of a manufacturing system and the way to achieve 
them will, of course, differ to a great extent from case to case. Andersson state 
that flexibility is needed due to the existence of some kind of uncertain precon-
ditions. An effective strategy that reduces the need for flexibility is therefore 
just to eliminate some of the uncertainties (Andersson, 2000). Another useful 
way to deal with flexibility issues is reduction of resetting times. Nevertheless, 
it is vital that the flexibility requirements are investigated and fulfilled.   

Automation 

As previously discussed, capital investments can have a major impact on pro-
ductivity, especially when it comes to replacing manual operations with much 
more efficient automatic equipment. When demands for flexibility is low and 
product volumes are high, this is relatively easy to find an automation solution 
to a reasonable cost. However, automation becomes much more difficult when 
a manufacturing system must produce a high number of product variants.  

This is a complex issue that many researchers have approached the last dec-
ades, especially in the field of assembly, which will now be discussed as an 
illustrative example. Assembly systems are usually categorised according to 
their ability to adapt to changes and their degree of automation. Feldmann and 
Slama (2001), for example, state that four fundamental solutions22 in the design 
of assembly systems can be distinguished for all industries. The four types is 
illustrated in Figure 30, where manual assembly in small batch sizes is at the 
one end, automated serial assembly at the other, and flexible assembly in cell 
or line in the middle. An important feature of an assembly system is that higher 
degree of flexibility and automation normally mean increasing cost of invest-
ment. Large investments are also a major reason for that few Flexible Auto-
matic Assembly systems (FAA) have been realised in industry. It should also 
be noted that there is no sharp border between these types of assembly systems, 
since different assembly methods are often combined in order to create the best 
characteristics of the assembly system. For instance, development of hybrid 
                                                      
22 Similar classifications are suggested by (Lotter, 1986), (Rampersad, 1994), (Andreasen et al, 
1983) and (Björkman, 1990). 
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assembly systems has recently received much attention. A hybrid assembly 
system tries to take advantage of both the flexibility of the manual workforce 
and the efficiency of the automatic equipment (Johansson, 2002b).  

 

Figure 30 The basic technological alternatives in assembly (Feldmann and 
Slama, 2001)    

The basic idea of FAA is to be able to assemble various products in small 
batches, thus allowing for rapid responses to market changes and the use of 
expensive equipment for multiple purposes. However, FAA has not become the 
commercial success that was expected, mainly due the fact that they are often 
very expensive (i.e. not profitable) as well as too sophisticated to be adequate 
for small and mid-sized enterprises (SME). Today researchers argue that flexi-
bility requirements should not be achieved by a highly advanced FAA system 
that is able to instantly handle “any kind” of products (i.e. extreme dynamic 
flexibility abilities). Most flexibility requirements should instead be solved by 
the use of modularised assembly systems that are composed of different types 
of simple, standardised and process-oriented equipment which can easily be 
reconfigured to the existing manufacturing situation (i.e. static flexibility) (Al-
sterman, 2001), (Johansson, 2002b), (Heilala and Voho, 2001). Theoretically, 
modular assembly systems would not just have the advantage of achieving high 
volume flexibility (i.e. capacity flexibility) and high product or variant flexibil-
ity, they would also have other beneficial abilities such as:  

• Reusability: Standardised equipment from a modular system can easily 
be used when new system is built. This also means that equipment can 
be sold on the second-hand market. 
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• Stepwise automation: It can be advantageous, due to many uncertain-
ties, to start the production of a new product with a purely manual sys-
tem and gradually replace the manual tasks with automated equipment. 
Such an approach reduces the economical risks that are often associ-
ated with automation. It is also easier to automate operations that have 
been thoroughly tested and refined. 

• Reduced Time To Market (TTM): It is usually very time-consuming to 
build and install new manufacturing systems. Unfortunately, the com-
petitive business environment of today demands that new products 
must be released on the market as soon as possible. Modularity allows 
that the required manufacturing system can be built much quicker and 
in turn reducing the important TTM. 

There is still much research needed to solve all problems related to these types 
of systems. For example, to achieve a modular system it is important that stan-
dardised interfaces are created which allows the different components of the 
system to be integrated to each other.  

Capacity 

The maximum output rate (i.e. capacity) that a company can achieve in its 
manufacturing system is another important key-factor. The goal is to always 
match the capacity to the current demand rate from the customers. If the capac-
ity is higher than needed, some of the company’s resources will not be used 
and in turn reduce productivity. If the capacity is lower than needed, another 
problem arises, namely, that the company cannot satisfy the demand. This 
situation can threaten the company‘s competitiveness in the long run if custom-
ers turn to alternative suppliers.  

Resetting  

The demands for fast and effective reconfiguration of resources within the 
manufacturing system, as well as the necessity of eliminating disturbances or 
other non-value activities, lead to the important area of resetting. Even though 
this area has been a focused problem for several years, the manufacturing in-
dustry still suffers from long resetting times (Lundqvist, 2000). There are sev-
eral motives for adopting effective resetting processes: 

• Increased flexibility 
• Reduced capital tied up in WIP 
• Increased capacity 
• Increased utilisation of resources 
• Reduced lead-times 
• Decreased resetting costs 
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5.3.2 Disturbances and losses 
Different types of problems (e.g. failures, breakdowns, material defects, lack of 
material) usually occur when a manufacturing system is operational, which in 
turn cause disturbances in the production flow and reduce the systems output.  

In order to achieve high productivity it is therefore necessary to have a reliable 
manufacturing system where disturbances are kept to a minimum level. Rea-
sons for disturbances in the production flow vary, meaning that many different 
types of losses can be found within a manufacturing company. For example, in 
section 3.1.2, the seven forms of waste within the TPS-concept were described: 
overproduction, waiting, unnecessary transport, stocks and buffers, unneces-
sary operations, unnecessary human activity and defective parts and products. 
Another common approach is to distinguish between the six major losses as 
demonstrated by the OEE-ratio (see section 4.2.5): failures, set-up and adjust-
ments, idling and minor stoppages, reduced speed, defects in process and re-
duced yield. Losses can indeed be defined and classified in numerous ways; 
however, a complete list of them will not be provided in this thesis.       

It is possible to minimise disturbances and losses from several viewpoints, for 
example, through maintenance and quality management. 

Maintenance 

Increased automation and new technologies in combination with the dynamic 
conditions of today have increased the vulnerability of the manufacturing sys-
tem to disturbances and interruptions of various kinds (Ylipää, 2000).  Preven-
tive maintenance is therefore essential to the reliability of a manufacturing 
system, and means that instead of waiting for disturbances to take place, re-
sources are spent on preventing them from happening at all. Unfortunately, 
preventive maintenance has often a low priority in firms that have manufactur-
ing as their core business (Löfsten, 1999). According to Ylipää (2000), poor 
maintenance can have a devastating effect on production. For example, a fail-
ure on a single component can idle a very expensive piece of equipment or in 
worst case idle the entire manufacturing process. It is also argued that the more 
automated the equipment is, the more components can fail, consequently in-
creasing the need for preventive maintenance. A relevant question is how to 
decide which preventive tasks that should be done and when. Much research 
has been done in the subject of maintenance but there is no simple answer to 
that question. However, two aspects are clearly of major importance: the prob-
ability that the failure will occur and the consequences the failure can have. 
The use of maintenance strategies such as TPM (see section 4.2.5) can also be 
helpful in order to prioritise tasks.     
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Quality management  

As stated by Sohlenius et al (2000), productivity and quality23 are inseparably 
connected. In fact, each time a product do not fulfil its quality requirements in 
accordance to its specifications, the productivity is reduced either by resources 
have been used on producing waste and/or by that additional resources must be 
used on rework. According to Slack et al (2001), higher quality generally has 
several benefits including: reduced rework and scrap, lower inventory, shorter 
processing times, service costs goes down, reduced need for inspection and 
tests as well as the image for the company and its products increases. In addi-
tion, since poor quality is a root-cause to many of the disturbances that occur in 
the manufacturing system, quality improvement becomes even more important 
due to the benefits in synergy effects it can have. 

5.3.3 Management and control 
Since the year 1969 the importance of linking manufacturing to strategy has 
increased in attention. Skinner (1969), for example, was the first to point out 
that it is not possible to run a manufacturing system effectively without a per-
spective that includes the whole company and its corporate strategy. Slack et al 
(2001) defines strategy as being more than single decisions. It is the total pat-
tern of the decisions and actions that position the organisation in its environ-
ment and that are intended to achieve its long-term goals. It should be noticed 
that there are many different opinions on the specific meaning of the term strat-
egy as well as that various types of strategies can be discussed, such as corpo-
rate strategy and manufacturing strategy. However, the research presented here 
will not benefit from such a discussion.   

Competitive priorities 

There are many different decisions that can be linked to strategy and this cate-
gory of key-factors. A central decision is, for example, to formulate competi-
tive priorities that should be followed in order to get an advantage over the 
company’s competitors. According to Hayes and Wheelright (1984), one usu-
ally distinguished between four different dimensions of competitive priorities: 

• Quality 
• Dependability 

                                                      
23 Quality usually have different meanings to different people, however, in this thesis quality is 
used according to the manufacturing-based approach discussed by Slack et al (2001). This ap-
proach relate to quality as the making of products that are free of errors and conform precisely to 
their design specification. 
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• Cost-effectiveness 
• Flexibility 

Production planning and control  

From a holistic perspective the productivity of a manufacturing system is 
highly dependent on the production planning and control system (PPC) that are 
used at a company. The purpose of PPC is to ensure that the manufacturing 
processes run effectively and efficiently and produce products as required by 
customers (Slack et al, 2001). This is difficult to achieve since customers often 
change their minds about what they want and when they want it, suppliers may 
not always deliver on time, machines may fail, or staff may be absent through 
illness. A manufacturing system will always be exposed to disturbances and the 
productivity of the manufacturing system is therefore dependent on how effec-
tively the PPC can minimise the influence the disturbances have on the produc-
tion. Consequently, problems in the production planning can have a severe 
effect on the productivity of a manufacturing system. Furthermore, Karlsson 
(2001) has identified several problems related to PPC: 

• Little or no control over the actual situation. 
• Lead times, given by the PPC system, are often inaccurate. 
• PPC systems are not designed for the given type of production or the 

way the companies produce. 
• Unfriendly user interface of PPC software. 
• The real material flow does not comply with the model in the system.  
• Poor or non-existing handling of rush orders. 
• The system is often considered a burden rather than a helpful tool 

Several principles for PPC exist, where each principle has its advantages and is 
suitable for a particular manufacturing situation (see Figure 31). Most princi-
ples are based on two main ideas: either to push or to pull the material through 
the flow. Some examples of PPC principles are:  

• Material Requirement Planning (MRP) 
• Just-In-Time (JIT) 
• Theory Of Constraints (TOC) 
• Bottleneck Allocation Methodology (BAM) 

Moreover, the chosen PPC principle has a large effect on several flow related 
areas including Work-In-Process (WIP) levels, batch sizes, lead times and ma-
chine utilisation. 
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Figure 31 A structured view on which control method to use in different situa-
tions (Karmakar, 1989) 

Materials supply 

This key-factor is strongly related to the previous one and mainly concerns 
how to ensure a functional supply-chain as well as that parts and raw materials 
are delivered to processes within the manufacturing system when needed. 

Supplier and customer relations  

A holistic view of the manufacturing system that extends to both the supplier 
and the customer is needed. The manufacturing system will not be productive if 
it, for example, does not receive material from its supplier at the right time to 
the right quality. Such problems can be limited if the company has close rela-
tions to its suppliers and customers. 
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Information handling 

The distribution of information within the company is another affecting factor 
for the manufacturing system. As earlier emphasised, appropriate performance 
measures can contribute to better communication.    

5.3.4  Product design 
Products (and services) are usually the first things that customers see of a com-
pany, so in addition to the intrinsic merit of its product designs, it is also the 
continual development of designs and the creation of totally new designs that 
help to shape a company’s competitive position (Slack et al, 2001). Product 
design is in other words very important from an external point of view, since a 
product must be designed to fulfil certain functional specifications to make a 
potential customer interested. Most companies are, of course, aware of this.  

Nonetheless, another important requirement, which is too often neglected, is 
that a product must also fulfil certain specifications to fit the manufacturing 
process within the company. Product design is therefore also vital from an in-
ternal point of view and has a major influence on productivity. The influence 
that product design has on productivity can be discussed from three different 
perspectives: product complexity, product variety and standardisation of parts.      

Product complexity  

The more complex the design of a product gets the more resources it will con-
sume in the manufacturing transformation process. The output of the manufac-
turing system will also be reduced, since more time is required to manufacture 
the product. Consequently, by reducing the complexity of the product, possi-
bilities to improve the productivity of the manufacturing system are created. 

Products designed for manufacturing offer large potential for cost reductions 
and productivity improvements both by simplifying the product (e.g. reduced 
number of components and reduced assembly time) and the related manufactur-
ing system (Eskilander, 2001). Furthermore, the strong impact that product 
complexity has on the manufacturing system makes it necessary to always 
question the design of the product, preferable by the use of product develop-
ment tools such as DFMA24 or DFA225. DFA-tools have in many cases been 
successfully used, not just by simplifying the product and reducing manufac-
turing and assembly cost, but also since they can affect the productivity of a 

                                                      
24 DFMA (design for manufacturing and assembly) (see Boothroyd and Dewherst, 1987) 
25 DFA2 (design for automatic assembly) (see: Eskilander, 2001) 
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company in a long term perspective by improving product quality and creating 
an environment for concurrent engineering (Karlsson, 2001). Figure 32 shows 
an example of how the product design can be changed to be more suitable for 
automatic assembly when it is evaluated using DFA2. 
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Figure 33 Product before and after DFA2 evaluation (Eskilander, 2001) 

Product variety 

Product design has also become even more important due to the increasing 
number of product variants we have recently seen in industry. In order to be 
able to produce a large range of products with different specifications, the 
manufacturing systems need to fulfil certain requirements. For example, it must 
offer an extremely high degree of flexibility, which in turn increases costs.     

One way to cope with many product variants is to modularise the products. 
Modularisation means that the product is decomposed into building blocks 
(modules) with specified interfaces, driven by company specific reasons (Erix-
son, 1998). By using a modularised product design it is therefore possible to 
create many product variants by assembling a few different variants of product 
modules, see Figure 34. In that way modularisation can reduce the need for 
flexibility in the manufacturing equipment.  
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Figure 34 A modularised truck cabin from Scania (Erixon, 1998) 

As pointed out by Erixon (1998), modularisation also gives the possibility to 
arrange the manufacturing system as “factories within factories” where each 
module is assigned to a specific module shop]. Such an arrangement of the 
manufacturing system reduces lead time, since different activities can be done 
in parallel. In addition, a tool that can be used to modularise products is the 
Modular Function Deployment (MFD) method. 

Standardisation of parts 

There is a simple connection between increasing number of components in a 
company and increasing cost. It is therefore vital that the parts that the products 
consist of are standardised, so the total number of components can be kept as 
low as possible.  

Notable is that the idea of standardisation of parts (as well as of operations) has 
existed for many years. Karlsson (2002) argues that the driving forces behind 
standardisation can be traced back to arms manufacturers like Colt and Spring-
field in the late 1800s. These companies’ original initiatives were later devel-
oped by Henry Ford and led to the birth of the moving assembly line and the 
mass production era. 

5.3.5 Job design and work organisation 
The productivity of a manufacturing system is not just dependent on that a 
good technical system solution has been chosen and products with appropriate 
design are produced, the company must also be able to handle the manufactur-
ing system from an organisational and human resources point of view. Without 
a suitable work organisation supporting the manufacturing system and jobs that 
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are properly designed, the output will be reduced and more resources will be 
used in the transformation process.  

Competence  

A manufacturing system can in many cases be a highly advanced system, espe-
cially when processes within the system are automated. In other words, it often 
requires a large amount of technical skills within the company as well as of the 
operators running the system. Technical competence can be major problem 
especially for small companies with little experience with automation. For ex-
ample, lack of technical competence and educated personnel where one of the 
reasons for that the Mark IIF application at Atlas Copco in Tierp (an advanced 
Flexible Automatic Assembly-system for assembly of air-driven tools) was 
shutdown after 3 years in production (Mårtensson, 1995).  

To be able to utilise the human resources in the company properly, resources 
should be spent on education, which allows the employees to increase their 
knowledge about the operations they are running as well as the products they 
are producing. Investments in competence can also increase the robustness and 
flexibility of the manufacturing system, since if operators are capable to per-
form many different tasks and they will in turn be able to work were needed.      

Work environmental issues 

A workplace should be stimulating to work within to avoid worker absentee-
ism, which definitely has a negative impact on productivity. There are many 
ways that can contribute to a better work environment including improvements 
in areas such as: safety, ergonomics, work methods, interfaces between the 
technical system and the operator, communication, motivation and job rotation. 

Work organisation 

A workplace must also have well-functioning work organisation with clear 
policies on authority, work groups, channels for information distribution for-
mal etc. 
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5.4 Summery of key-factors 
This chapter has dealt with the third research question formulated as:  

RQ3. What general key-factors influence the productivity of a manufacturing 
company and how should they be considered when selecting perform-
ance measures?   

Productivity is, of course, directly influenced by the number products that is 
produced in the manufacturing system as well as by the amount of resources 
consumed during the transformation process. However, these two variables are 
in turn decided by numerous of other key-factors, which are highly case-
specific. It is not possible to list all of these key-factors but many of the more 
important ones have been discussed in this chapter and are summarised in 
Figure 35.  
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Figure 35 Examples of factors that influence productivity  
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6 SYSTEM LEVEL CRITERIA  

In this chapter, the design of the PMS is discussed. After a brief introduction, 
the structure of a PMS is explored. Then, the concept of system classes is pre-
sented, which is a concept developed to be used for evaluating a PMS. Differ-
ent requirements that a PMS should fulfil are also treated in detail. Finally, a 
form to be used when evaluating the PMS is presented.   

6.1 How to design a successful PMS 
A successful PMS is a set of performance measures that provides the company 
with useful information that helps to manage, control, plan and perform the 
activities undertaken in the company. The information retrieved from the PMS 
must in turn be accurate, relevant, provided at the right time and easily accessi-
ble for the persons who need it. The performance measures must also be de-
signed to be appropriate for manufacturing and have a positive effect on pro-
ductivity. To design such a PMS is, of course, a difficult task and what that is 
considered to be an optimal PMS will also differ from case to case. 

Various authors have discussed the design of performance measures and con-
cluded numerous of important requirements that performance measures should 
fulfil. Crawford and Cox (1990), for example, propose that measures should 
evaluate a group, not individual work. They also believe that performance must 
be measured in ways that are easily understood by those whose performance is 
being evaluated. Moreover, graphs should be the primary method of reporting 
performance data. Many authors emphasise that measures should be derived 
from strategic objectives to ensure that employee’s behaviour is consistent with 
corporate goals (Cross and Lynch, 1992), (Kaplan and Norton, 1992), (Dixon 
et al, 1990). Furthermore, measures should also provide timely, relevant and 
accurate feedback and be a part of a closed management loop (Globersson, 
1985). It is also desirable that both financial and non-financial performance 
measures are used and that both short-term and long-term results are consid-
ered.  

Many requirements are in turn not always compatible with each other, which 
makes compromises unavoidable. An example of this problem is that perform-
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ance measures, on the one hand, should be designed to be as exact as possible, 
which may result in a very complex formula. On the other hand, performance 
measures should be easy to measure and easy to comprehend, which apparently 
are two arguments for using simple formulas.       

As shown in the discussion above, there are numerous of requirements to fulfil 
when evaluating and revising PMS and one must therefore find an appropriate 
approach to handle them easily and in a structured way. It is therefore sug-
gested that these requirements should be divided into two main categories, 
where each category can be handled separately:  

• System level criteria: representing requirements important to the PMS 
itself. 

• Measure level criteria: representing requirements important when de-
signing an individual performance measure.   

Consequently, this chapter will mainly be devoted to questions that can be di-
rectly connected to system level, while the next chapter will deal with ques-
tions related to the measure level.  

6.2 How to describe the structure of a PMS  
The typical PMS found in a company contains numerous existing performance 
measures on various hierarchical levels (see Figure 36). Together with several 
users, the performance measures form a complex arrangement of sub-systems 
within the main PMS. The performance measures serve many different pur-
poses and the information retrieved from them is utilised to a varying degree. 
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Figure 36 Illustration of the structure of a PMS (Tangen, 2003c) 

In order to describe and analyse the structure of an existing PMS in a company, 
a simple model has been developed that summarises the main elements of a 
PMS (see Figure 37). The suggested model starts with defining the main sys-
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tem and the performance measures that are used at the top level of the com-
pany. Then, the 1st level sub-systems that exist within the main system and 
their performance measures are identified followed by the 2nd level sub-system 
and so on. When all sub-systems and performance measures have been sur-
veyed, the people who use the information from the performance measures 
must be connected to each identified system or measure. Existing associations 
between various performance measures should also be noted, for example, 
when a measure is aggregated from several others. All available information 
for each user can thereafter be clearly documented.   

Main system

1st level sub-system

2nd level

Performance measure

User 1
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Figure 37 Suggested model for describing the structure of a PMS 

6.3 System classes 
In this section the concept of system classes is suggested, which will be a cen-
tral element when evaluating and revising a PMS (later described in chapter 8). 
The idea behind the concept of system classes is that instead of going directly 
to an advanced PMS, a company should begin with designing a simple yet 
useful PMS that should be further developed when the company is mature 
enough. In other words, it is suggested that a company should start with de-
signing the lowest class of a PMS (i.e. 3rd class). When the company is com-
pletely prepared it should progress to the next class (i.e. 2nd class) and later to 
the highest class (i.e. 1st class). 

The reason for introducing this concept is mainly that it is believed within this 
research that it takes time to develop a perfect PMS as well as that an organisa-
tion needs to build up experience of performance measurement before being 
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able to handle an advanced PMS. An impatient company that directly attempts 
to reach the highest class of a PMS will almost surely fail. As previously em-
phasised, designing a successful PMS is a difficult task. Without any previous 
experience it is likely that many performance measures will not be designed 
appropriately as well as that the information retrieved from them be interpreted 
in the wrong way. Simply, “one needs to learn how to walk before how to run” 
and each class has its period of experimentation and learning before being fully 
incorporated into the organisation.    

The concept of system classes also has some other advantages. First, as earlier 
mentioned, companies rarely want to design their PMS from scratch. Usually 
they are more interested in eliminating any weaknesses in their existing PMS. 
This concept allows companies to keep their existing PMS. Instead of design-
ing a completely new PMS that fulfils all types of requirements, the system 
classes encourages companies to focus on how to fulfil the specific require-
ments within the class that their existing PMS belongs to. Second, all compa-
nies have their own unique need for a PMS, meaning that some companies will 
strive for the development of highly advanced PMS while others will be satis-
fied with rather simple ones. Using the concept of system classes, a company 
can choose how advanced the final result of its PMS should be. For example, a 
company that are purely practising mass-manufacturing principles may not 
need such an advanced PMS that an agile manufacturing company requires.  

As described in Table VIII, in total five different classes of PMS are suggested: 
1st class, 2nd class, 3rd class, class zero and class minus. However, it is only the 
three former classes that are actually used to describe functional PMS. The two 
latter ones (class zero and minus) describe insignificant PMS, which means that 
they should be avoided26 and these two classes are mainly used for evaluation 
purposes. Class zero actually means that the company does not have anything 
that can be classified as a real PMS since all existing performance measures are 
solely used for accounting reasons. The company is only performing duties 
required by law. 

                                                      
26 It should be noted that in practise there are cases in which a class zero PMS can be used and 
serves a purpose. For example, when there are very little resources to spend on performance 
measurement and the complexity of the processes within the company is extremely low.    
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System class Description Fulfilled requirements 

1st class 
”Fully 
 integrated” 

This is the most advanced system class, which means 
that many requirements must be fulfilled. The PMS is 
able to explain different causal relationships across the 
organisation. The needs from all relevant stakeholders 
are considered. Databases and other reporting systems 
should be fully integrated to each other. The information 
in the PMS is updated continuously and directly pre-
sented to the persons who need it.  

 

• Causal relationship 
dimensional  

• Focus: All stake-
holders  

• All hierarchical 
levels covered 

• Advanced informa-
tion handling 
architecture 

• Existing processes 
for natural evolution 

2nd class 
”Balanced” 

This class has a multidimensional view of performance, 
both when it comes to different perspectives and time 
horizons. These PMS support innovation and learning 
and are very customer-oriented. Aim to improve rather 
than to monitor.  

 

• Multi-dimensional 
• Focus: Internal and 

external  
• Long-term and 

short-term result 
• Most hierarchical 

levels covered 
• Information goes 

directly to the right 
persons 

3rd class  
”Mostly  
financial” 

This class represents PMS that are based on traditional 
performance measures, such as ROI, cash flow and 
labour productivity. These PMS are profit oriented and 
are optimising against cost efficiency and mainly short-
term results. Although 3rd class systems have their 
flaws (such as limited and delayed feedback) they must 
still fulfil certain requirements. 

 

• Single-dimensional 
• Focus: Internal 
• Short-term result 
• Top hierarchical 

levels covered 
• Easily accessible 

information 
 

Class zero  
”Non-existent”  

This class is used when the performance measures in 
the organisation are solely used for accounting reasons.

• Requirements by law 
 

Class minus 
” Condemned” 

This class represents PMS that are not beneficial to a 
company at all due to the fact that they induce behav-
iours completely inconsistent to strategy and give dis-
torted information. Contains to the majority of sub-
optimising measures.    

 

• Many errors 
• Induces the wrong 

behaviours 
• Considered to be too 

hopeless to repair 
 

Table VIII System classes 

 



 

114 

 

Class minus means that there is something very wrong about the existing PMS 
and it is inducing behaviour that is inconsistent with the strategy of the com-
pany as well as that the information it gives is distorted or even inaccurate. If 
an existing PMS has many errors (even though it is highly advanced) it may be 
necessary to start from the beginning and design a completely new PMS. In 
conclusion, if an existing PMS belongs to either of these two classes it is sug-
gested that the company should strive for designing a new 3rd class PMS.   

3rd class can briefly be described as PMS where mostly traditional performance 
measures are used. The requirements of such a system are rather low, but it is 
important to have control over the basic principles in performance measure-
ment before moving up to the next level.   

2nd class means that the PMS have a much more balanced view on performance 
than the previous class. Non-financial measures are used, different time hori-
zons are considered and most levels within the company are overviewed by the 
PMS.   

1st class is the most advanced PMS, which means that very high standards are 
met, ranging from the existence of an advanced information handling architec-
ture to measures that explain causal relationships across the organisation. These 
systems must also include processes that enable them to evolve when neces-
sary.  

Even though each class has its own unique characteristics, it should be noted 
that there are no exact defined borders between the classes. This can cause 
problems when trying to decide (during an evaluation) what class an existing 
PMS belongs to. However, it is recommended to always use the lower class if 
an existing PMS end up between two system classes. Thus, a higher class must 
at all times still fulfil the requirements of a lower one.  

In the following sections, different requirements that are proposed to be ful-
filled by a PMS will be described more thoroughly.   

6.4 Independent system requirements  
Some requirements should always be fulfilled by successful PMS regardless of 
the system class they belong to: 

• Provide accurate information 
• Support strategic, tactical and operational objectives 
• Guard against sub-optimisation 
• Include a limited number of performance measures  



 

115 

6.4.1 Provide accurate information  
Probably needless to point out, but the most important requirement of a PMS is 
of course that it provides its users with accurate information. A PMS that, from 
an overall point of view, to a majority gives information that is distorted in 
some way or includes many errors will cause confusion and is highly likely to 
have a negative influence on the productivity of the company.   

6.4.2 Support strategic, tactical and operational objectives  
Another vital requirement is that the PMS should be derived from the com-
pany’s objectives. Otherwise, the PMS will support actions that have the oppo-
site effect of what the PMS is intended to induce in the first place. Usually it is 
stated that the performance measures should support the company’s strategy 
(Wisner and Fawcett, 1991), (Cross and Lynch, 1992), (Bititci, 1994), (Medori 
and Steeple, 2000). This is true, but equally important is that the strategic ob-
jectives, specified in the top of a company, are in turn translated into tactical 
and operational objectives to the lower levels.  One must ensure that all parts of 
the company are striving towards the same goals. However, at the same time it 
is necessary to remember that different parts of the company have different 
needs and specified objectives on higher levels may be useless on lower levels 
without appropriate translations and additional work to detail them. All strate-
gic, tactical and operational objectives must as well correlate with existing key-
factors influencing the productivity of the company.  

However, it must be noted that the objectives will be defined in different forms 
in each system class. For example, the objectives when dealing with a 3rd class 
system will primarily have a financial nature. Further, both the importance and 
the complexity of defining clear objectives will increase when dealing with a 
higher system class of PMS.  

Furthermore, this requirement also means that all sub-systems within the main 
system (as described in section 6.2) must show consistency to each other and 
the objectives. In this way, there will be a proper balance between overall and 
local performance measures.  

In addition, it is important to remember that objectives usually change over 
time and when an objective changes, some performance measures must change 
too. There is, therefore, a need for flexibility in the PMS, which provides a 
mechanism that ensures that the PMS at all times is coherent with the objec-
tives of the company.  
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6.4.3 Guard against sub-optimisation  
As performance measures, by which employees are evaluated, greatly impact 
their behaviour, an improper set of measures can lead to dysfunctional or unan-
ticipated behaviour (Fry, 1995). In other words, employees seeking to improve 
the measure of their performance often make decisions that are contrary to the 
desires of management. It is, for example, not rare that an improvement in one 
area leads to a deterioration in another and in worst case also resulting in a 
decline in the performance from an overall point of view. Skinner (1986) 
termed this phenomenon as the productivity paradox where dysfunctional be-
haviour results from poor performance measures. In fact, there are many exam-
ples where productivity improvement programs in companies have failed 
mostly because they actually hurt more than they help. For instance, to focus 
on direct labour and efficiency of factory workers where direct labour costs is 
about 10% of sales will not have a significant effect on the total productivity. 
Unfortunately, organisations that have behavioural ramifications in mind when 
designing performance measures are few and far between. Often the problem is 
not that measures have designs that give inaccurate information, but that the 
behaviours they are likely to induce in a particular setting are not considered 
(Neely et al, 1997). 

A PMS must therefore guard against sub-optimisation, possibly by establishing 
a clear link from the top of the company all the way to the bottom, to ensure 
that employee’s behaviour is consistent with corporate goals. 

6.4.4 Include a limited number of performance measures  
An important aspect is that in order to take appropriate actions it is necessary to 
use a limited amount of performance measures (Jackson, 2000). To produce 
unnecessary data is expensive, and can lead to more harm than good. More 
measurement will require a greater deal of time for analysis by managers, or, 
alternatively, it is a waste to collect data if it is ignored. It is therefore impor-
tant to pay attention to limiting the data requirements to both the necessary 
detail and frequency and to consider whether the data is needed for a specific 
useful purpose, and whether the cost of producing it is not higher than its ex-
pected benefit (Bernalak, 1997). A large number of performance measures also 
increase the risk for information overload, meaning that it is practically impos-
sible to know which performance measures that should be prioritised. Informa-
tion overload can lead to that all information is ignored instead of used. This is 
also a reason for remembering to remove ‘old’ performance measures that are 
no longer of interest from the PMS.   



 

117 

6.5 Class-dependent system requirements 
There are some requirements that will increase both in importance and in com-
plexity depending on the system class. 

6.5.1 3rd class requirements 
A 3rd class PMS requires that: 

• Traditional performance criteria are used: The performance measures 
within this class will to a majority be influenced by the traditional way 
of measuring performance (e.g. ROI, cash flow, efficiency). The per-
formance measures control that different costs are kept at a reasonable 
level.  

• Internal needs are fulfilled: The performance measures are mainly fo-
cused on fulfilling the internal needs of the organisation.  

• Top hierarchical levels are included in the PMS: The performance 
measures should cover at least the most important hierarchical levels of 
the organisation (especially top-levels). 

• The short-term time-horizon is considered: Important measures within 
the PMS should include updated targets, which at least cover the short-
term time-horizon.  

• Some form of information architecture is achieved: The PMS should 
be designed in a way so that information is easily retrieved as well as 
easily understood by those whose performance is being evaluated.  

6.5.2 2nd class requirements 
A 2nd class PMS requires that: 

• Both financial and non-financial performance criteria are used: It is 
vital that performance is not solely seen from a traditional point of 
view. These PMS consist of various types of performance measures 
(i.e. multi-dimensional) covering all the important aspects that repre-
sent the performance of a company (e.g. cost, quality, delivery, flexi-
bility and dependability). There must in turn be a balance between the 
various performance measures in the PMS.  

• Internal and external needs are fulfilled: The performance measures 
are focused on fulfilling both the intern needs of the organisation and 
external needs (such as from suppliers and customers).  

• Most hierarchical levels are included in the PMS: Performance meas-
ures exist on most hierarchical levels in the organisation and are linked 
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to each other. There should be a balance between global and local per-
formance.  

• Short-term and long-term time-horizons are considered: Important 
measures within the PMS should include updated targets, which cover 
both the short-term and the long-term time-horizon. 

• A practical information architecture is achieved: Vital information 
goes to the right persons with little delay.   

6.5.3 1st class requirements 
A 1st class PMS requires that: 

• The used performance criteria explain important causal relationships 
across the organisation: The performance measures within this class 
must support sustainable performance improvement and must therefore 
stand up to the highest standards. The measures must not only have a 
multi-dimensional view on performance, they should also be able to 
explain the factors that have an influence on the performance of the 
company and indicate what to do to improve.  

• The needs from all stakeholders are fulfilled: The PMS includes per-
formance measures considering the needs from all possible stake-
holders needs (e.g. customers, shareholders, competitors, suppliers, 
employees, the society) 

• All hierarchical levels are included in the PMS: Performance measures 
exist on all hierarchical levels in the organisation and clear links have 
been established between the measures on the different levels. 

• An advanced information architecture is achieved: Performance meas-
urement databases and other reporting systems should be fully inte-
grated to each other. The information in the PMS is updated continu-
ously and directly presented to the persons who need it.  

• Processes have been created for natural evolution of the PMS: Secures 
that the PMS is constantly updated when needed.  

6.6 Evaluating the PMS 
Table IX shows a form that has been developed within this research for the 
purpose of evaluating an existing PMS in accordance to how it fulfils the ear-
lier presented requirements (i.e. the system evaluation form). The form is di-
vided in seven distinct groups:  

• General requirements 
• Requirements regarding used performance criteria 
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• Requirements regarding stakeholders 
• Requirements regarding hierarchical levels 
• Requirements regarding time-horizon 
• Requirements regarding information architecture 
• Other requirements 

The idea with the form is to subjectively consider to what degree each specified 
requirement is fulfilled by the PMS, on a scale between (1) to (7), where (1) 
means that the requirement is not fulfilled at all and (7) that it is fulfilled to the 
highest degree possible. It should be noted that there is no particular reason for 
choosing a seven-graded scale here other than that this scale is easy to use and 
gives proper details.   

In addition, Table IX also gives a brief description of how the fourth research 
question have been answered in thesis, formulated as:     

RQ4. What requirements should a performance measurement system fulfil 
and how can the performance of the performance measurement system 
itself be evaluated and improved? 
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 Requirement to be fulfilled by  
the existing PMS 

Degree of 
fulfilment 

Comments 

General 

1 Provides accurate information 1 2 3 4 5 6 7  

2 Supports objectives 1 2 3 4 5 6 7  

3 Guards against sub-optimisation 1 2 3 4 5 6 7  

4 Limited number of measures 1 2 3 4 5 6 7  

Regarding used performance criteria  

5 Traditional criteria used 1 2 3 4 5 6 7  

6 Non-financial criteria used 1 2 3 4 5 6 7  

7 Causal relationships criteria used 1 2 3 4 5 6 7  

Regarding stakeholders 

8 Internal needs considered 1 2 3 4 5 6 7  

9 External needs considered 1 2 3 4 5 6 7  

10 All stakeholder needs considered 1 2 3 4 5 6 7  

Regarding hierarchical levels 

11 Top hierarchical levels covered 1 2 3 4 5 6 7  

12 Most hierarchical levels covered 1 2 3 4 5 6 7  

13 All hierarchical levels covered 1 2 3 4 5 6 7  

Regarding time-horizon 

14 Short-term targets 1 2 3 4 5 6 7  

15 Long-term targets 1 2 3 4 5 6 7  

Regarding Information architecture 

16 Information easily accessible 1 2 3 4 5 6 7  

17 Information to the right person 1 2 3 4 5 6 7  

18 Advanced information architecture 1 2 3 4 5 6 7  

Other 

19 Processes for evolution 1 2 3 4 5 6 7  

Table IX System evaluation form 
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7 MEASURE LEVEL CRITERIA 

In this chapter, the design of an individual performance measure is discussed. 
First, the criteria for considering a measure as successful are emphasised. 
Then, some aspect on a measure’s equation and other necessary specifications 
are made. Finally, the concept of measure types is presented followed by a 
discussion of a measure’s positive and negative properties.   

7.1 What characterises a successful measure? 
In order to be able to design a successful performance measure, one should first 
question what requirements a performance measure should fulfil to be consid-
ered as successful. A simple answer could be to say that a performance meas-
ure is successful when the income generated from the benefit by using it ex-
ceeds the cost from measuring it. However, this may in most cases be very 
difficult to calculate. A more useful but somewhat subjective answer to the 
question is when the performance measure fulfils the following two require-
ments.  

• When the information from the performance measure is considered as 
being beneficial to the organisation. The term beneficial should in this 
context be interpreted as a combination of quality and usefulness. 
Thus, information that is not useful or do not have an acceptable qual-
ity can never be beneficial to an organisation.   

• When the information from the performance measures is used by the 
organisation. Thus, to collect information that is not used is a waste of 
resources. This criterion is highly dependent on that the information re-
trieved from the measure goes to the right person at the right time.  

In other words, it is in this doctoral thesis suggested that the success of a per-
formance measure increases with increased information benefit and increased 
information usage.   
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7.2 How to design a performance measure 
The design of an individual performance measure is not about answering the 
question “What to measure?”. That is an issue that should already have been 
solved at the system level when the requirements of a PMS are considered. The 
design of an individual performance measure is mainly about the question 
“How to measure?” when “what to measure” has already been decided. One 
should note that “what to measure” usually is only specified to a limited degree 
on the system level, meaning that a number of prerequisites for the perform-
ance measure have been defined (such as the main purpose of the measure) but 
the equation to use is still not fully defined.  

Consequently, the first step to take when designing a performance measure is 
to start forming an equation that may suite the particular purpose of the meas-
ure that has been clearly defined on the system level. This is possibly the most 
important and difficult activity when it comes to performance measurement. 
The list of things to consider in order to suite the purpose of a measure is long 
and sometimes it will even not be possible to find an appropriate equation 
(Kennerley and Neely, 2003), (Globerson, 1985), (Neely et al, 1997), (Kaplan 
and Norton, 1992):  

• Objective criteria should be used in the equation before subjective. 
• Use ratios instead of absolute numbers.  
• Use group measures rather than measures based on individual perform-

ance 
• The equation should stimulate improvement.  
• The equation should be designed in consultation with people whose 

performance is measured.  
• The equation should be easily measured and easily understood. 
• The equation should be as accurate as possible.  
• The equation should have an appropriate precision. 

There are also several common failures or pitfalls to avoid: 
• The equation is based on misleading “weightning”. 
• The equation indirectly supports negative behaviors.  
• To measure someone on something over which they have no control. 
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7.2.1 Examples of various equations 
The equation that a performance measure is based on can take many different 
shapes. The simplest one is to use the absolute value of a plain variable, for 
example, the number of products produced or the time it takes for process to 
complete its task. However, the usefulness of such equations is rather limited. 
A better approach can be to use simple ratios where different variables are re-
lated to each other. Ratios are often more easily understood than absolute num-
bers when their values are being analysed.  

An exemplary way to convert an equation consisting of the value of an absolute 
variable to a ratio is to include the target of the measure directly into the calcu-
lations and present the measure’s value in percentage of its target. In this way, 
the user of the measure will instantly know when the target is reached (=100%) 
as well as when it is not reached (<100%) or exceeds its target (>100%). Such 
a ratio will of course be slightly different designed depending on if the objec-
tive is to maximise its value (equation 7.1) or minimise its value (equation 7.2).  

 
t
x  maxPM =   (7.1) 

where 
 PMmax= The value of the performance measure [%] 
 x= The measured value of the variable [unit] 
 t= The targeted value of the variable [unit] 

 
x
t  minPM =   (7.2) 

where 
 PMmin= The value of the performance measure [%] 
 x= The measured value of the variable [unit] 
 t= The targeted value of the variable [unit] 
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7.2.2 Necessary specifications  
The design of an individual performance measure is not just about forming an 
appropriate equation. A performance measure must also fulfil certain functional 
requirements so that its user is able to measure it as well as understand the re-
sults from the conducted measurements. In other words, it is vital that the 
measure comes with the necessary specifications in order to avoid confusion. 
Without specifications there is a major risk that the measure will not be meas-
ured correctly. A performance measure should, for example, have a clear pur-
pose and be defined in an unambiguous way. It must also contain instructions 
of whom that will use the measure and how (e.g. collect the data, to what fre-
quency). Furthermore, for improvement work it may be necessary to give in-
structions of how to analyse the results from the measurements (i.e. how to act 
on the measure). This includes issues like how to specify the target for the per-
formance measure and a timeframe that the target has to be reached within. 

For this purpose the measure specification form (Table X) has been developed 
based on the thoughts originally presented by (Neely et al, 1997) and (Midori 
and Steeple, 2000). This form enables the user to make sure that the necessary 
specifications are made when a performance measure is designed. The form 
can also be used for describing all available information about an existing per-
formance measure, which can be of help when it is going to be evaluated.   

The form consists of several important parameters grouped into three catego-
ries: 

• General information about the performance measure.  
• Instructions of how the measure is measured and by whom.  
• Instructions of how the results from the conducted measurements 

should be analysed and used.  
In this way, a performance measure will be well specified and confusion can be 
avoided. 
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Parameter to specify Example 

General information 

1. Title 

2. Equation 

3. Purpose 

4. Connections to other measures 

5. Date of last / next review 

6. Other notes and comments 

 

Labour productivity in line B  

Number of produced units / number of worked hours 

To maximise labour productivity 

None 

January-2004 / January-2005 

Measurement instructions 

7. Who measures? 

8. Source of data 

9. Frequency of measurement 

10. How is the measure displayed? 

Foreman at line B 

MRP-system and work schedule 

Each week 

On billboards at the line 

Analysis instructions 

11. Who acts on the data? 

12. Type of measure 

13. Target 

14. What do they do? 

15. Known limitations 

Improvement group (line B) 

Type A 

Increase 20% (2004-2005) 

Initiate discussion with management if decreasing 

Do not consider capital, Can be affected by supplier 
performance 

Table X Measure specification form 

Parameter 1: Title 

A performance measure should have a clear title, which indicates what it is and 
why it is important. A title facilitates communication and reduces the risk that 
different measures are mixed up.  

Parameter 2: Equation 

As previously stated, this is the most important but also the most difficult pa-
rameter to specify, which in turn means that the most efforts must be placed 
here. The challenge here is to define an equation that both gives relevant and 
accurate information as well as have a positive influence on people’s behav-
iour. Attention must also be paid to specify the equation to a proper grade of 
detail. The information from a performance measure should not be too rough or 
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too exact. One must also keep in mind that some things cannot be measured 
and also that it may be necessary to make compromises when forming the 
equation.  

Parameter 3: Purpose 

A performance measure must have an explicit purpose and the people who use 
it must be fully aware of what it is. Without a relevant purpose, the existence of 
a measure will just consume resources.  

Parameter 4: Associations to other measures  

If the measure in some way has associations or connections to other measures 
this must be specified, for example if it is aggregated from other measures on a 
lower level.   

Parameter 5: Date of last / next review 

As previously stated, a performance measure must be modified when circum-
stances change. It is therefore important to specify the next time when the 
measure is to be reviewed. Not necessarily by exact date, but some reasons that 
may trigger a review should be given. In addition, since many performance 
measures are simply measured due to the fact that they have always been 
measured, one should as well specify the date when it was last reviewed.  

Parameter 6: Other notes and comments  

Other additional information about the measure is placed here. 

Parameter 7: Who measures?  

In order to ensure that the measure is measured in practise (if not done auto-
matically), someone has to take responsibility for the collection and reporting 
of data. 

Parameter 8: Source of data  

It is important that data is always collected according to a defined procedure 
and from the same source.    

Parameter 9: Frequency of measurement  

Deciding the proper frequency of the measurement is another challenging task, 
which is highly dependent on the volume of available data and the importance 
of the measure. Some performance measures should be measured daily while 
others only need to be reported few times every year. 
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Parameter 10: How is the measure displayed?  

There are many ways to display the result from a performance measure. For 
example, Crawford and Cox (1990) state that graphs should be the primary 
method of reporting performance data. This is true if one wants to create visi-
bility of the measure, but different measures have different purposes and the 
best way to display them will strongly depend on each case.   

Parameter 11: Who acts on the data?  

Measurement itself will not improve performance. Action must always follow 
the measurement. A person responsible for this work should be identified.  

Parameter 12: Measure type  

While some measures are very important and may have a direct affect on vital 
decisions, others have a more informative nature and are used casually. This 
parameter is discussed in detail on section 7.3.   

Parameter 13: Target  

In order to support the improvement work it is usually necessary to specify a 
target for the performance measure and a timeframe that the target has to be 
reached within. 

Parameter 14: What to do?  

Guidelines should be given regarding appropriate actions to take after the re-
sults from the measure have been interpreted.  

Parameter 15: Known limitations  

If the performance measure contains any limitations that must be considered 
when the result is analysed, it should be noted here.  
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7.3 Measure types 
The discussion about information benefit and information usage in section 7.1 
will now lead to the concept of measure types, which is very similar to the ear-
lier described concept of system classes (see section 6.3) though this concept is 
related to the measure level instead of the system level. The idea for suggesting 
the concept of measure types is that various performance measures are used for 
various purposes, which means that some existing measures will be of great 
importance to the organisation and be frequently used, while others are less 
important and will only be used to a minor degree. However, it is vital that the 
importance of each measure in the PMS is clearly understood so they are prop-
erly used. Knowledge of a measure’s importance is also necessary when it is 
going to be evaluated.  

As described in Table XI, five different measure types are suggested: Type A, 
Type B, Type C, Type zero and Type minus. The three former measure types 
(Type A-C) represent measures that give beneficial information and are in 
practise used in the organisation (although to a varying degree). The two latter 
ones describe performance measures that for some reason are of no use for the 
organisation and consequently should be removed from the PMS, either since 
there is no actual need for the information from the measure (Type zero), or 
even worse, since the information is distorted or influence the wrong behav-
iours in the organisation (Type minus).  

The classification of Type A-C measures is rather subjective and is based on 
the criteria described in section 7.1. To qualify as a Type A, the information 
from the measure must be considered to be very beneficial to the organisation 
as well as utilised to a high degree. Hence, Type A measures should be seen as 
indispensable performance measures, which the organisation must have in or-
der to function properly. Further, important decisions are often based on the 
information from these measures, such as planning and control issues. 

Type B means that the information from the measure is considered as meaning-
ful, but not as vital as with the previous described measure type. The usage of 
the measure is still good, but the information from a typical Type B measure 
does only have a limited impact on the organisation.  

Type C concerns measures that are mainly employed for informative purposes. 
The information is used to a minor degree and is usually considered secondary 
compared to the information from the other measure types.         



 

129 

 

Type of  
measure 

Description Information 
benefit 

Information 
usage 

Type A 
”Indispensable” 

This is the highest type of performance 
measures and represents indispensable 
measures with strong impact on the 
organisation. Information from these 
measures is used on a frequent basis 
and is considered of high value. 

High High 

 

 

Type B 
”Useful” 

 

Information from a Type B measure is 
quite meaningful, but not as vital as with 
the previous described measure type. 
The usage of the measure is still good, 
but the information from a typical Type 
B measure does only have a limited 
impact on the organisation. 

Medium 
(at least) 

 

Medium 
(at least) 

Type C 
“Informative“ 

This measure type concerns perform-
ance measures that is used to a minor 
degree in the organisation as well as its 
impact is rather low. The purpose of 
having Type C measures in a PMS can 
mainly be related to informative rea-
sons. 

Low 
(at least) 

Low 
(at least) 

Type Zero 
”Needless” 

This type concerns performance meas-
ures with no explicit purpose. Such 
measures are actually giving needless 
information, which have no impact on 
the organisation. To include Type zero 
measures in a PMS can only be seen 
as a waste of resources. 

None - 

 

Type Minus 
”Treacherous” 

This type is used when a performance 
measure gives distorted or inaccurate 
information. These measures actually 
have a negative impact on the organi-
sation either through confusion or by 
influencing the wrong behaviours.  

Sub-optimising - 

 

 

Table XI Measure types 
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7.4 Positive and negative measure properties 
As previously discussed in this chapter, there are many different requirements 
that a performance measure should fulfil. It should, for example, have an ap-
propriate equation and include the necessary specifications so it is possible to 
use it in correct way. Furthermore, the more important the measure is to the 
organisation, the more important it is to pay attention to these requirements. In 
other words, more efforts must be made to fulfil these requirements when deal-
ing with a type A measure than a type C.    

However, all measures will inevitable contain both positive and negative prop-
erties to some extent. Thus, it is not possible to create a perfect measure. A 
positive property, on the one hand, refers to the different qualities that the or-
ganisation wishes that the measure should have, such as: be simple to under-
stand, induce positive behaviours and be easy to measure. A negative property, 
on the other hand, refers to the different qualities that the organisation does not 
want the measure to have, such as: be difficult to understand, induce negative 
behaviour and be impossible to measure.    

A form has been developed within this research in order to evaluate the posi-
tive and negative properties of an existing measure (Table XII). On the left side 
of the form, numerous of negative properties are listed and on the right side 
their positive equivalence. Between a positive and a negative property there is a 
subjective scale from (1) to (7), where (1) means that the performance measure 
exactly corresponds to the specified negative property and (7) to the positive 
property. (4) means that neither of the properties can be used to describe the 
measure. In this way it is easy to get a clear overview of a measure’s proper-
ties. In addition, it is of course possible for an organisation to add or remove 
properties from the list to create its own unique form. 
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 Negative properties  Scale Positive properties 

In general 

1 No defined purpose 1 2 3 4 5 6 7 Have an explicit purpose 

2 Wrong user 1 2 3 4 5 6 7 Appropriate user 

3 Not able to affect the result 1 2 3 4 5 6 7 Able to affect the result 

4 Insufficient specifications 1 2 3 4 5 6 7 Fulfilled specifications 

Regarding the equation 

5 Unclear definition 1 2 3 4 5 6 7 Clear definition 

6 Based on opinion (subjective) 1 2 3 4 5 6 7 Objective 

7 Too detailed / rough information 1 2 3 4 5 6 7 Appropriate precision 

8 Expressed in absolute numbers  1 2 3 4 5 6 7 Expressed as a ratio 

9 Questionable ”weightning” 1 2 3 4 5 6 7 Accurate ”weightning” 

10 Based on individual performance 1 2 3 4 5 6 7 Based on group performance 

Regarding the measurement 

11 Impossible to measure 1 2 3 4 5 6 7 Easy to measure 

12 Measured too often / too seldom 1 2 3 4 5 6 7 Appropriate frequency 

13 Misleading instructions 1 2 3 4 5 6 7 Appropriate instructions 

Regarding the analysis 

14 Difficult to understand 1 2 3 4 5 6 7 Simple to understand 

15 Bad visualisation of the measure 1 2 3 4 5 6 7 Appropriate visualisation / graph 

16 Induce negative behaviours 1 2 3 4 5 6 7 Induce positive behaviours 

17 Provides obsolete information 1 2 3 4 5 6 7 Provides immediate information 

18 No target considered 1 2 3 4 5 6 7 Relevant and updated target 

19 Inaccurate information 1 2 3 4 5 6 7 Accurate 

20 Uncertain information 1 2 3 4 5 6 7 Reliable information 

21 Indistinct analysis instructions 1 2 3 4 5 6 7 Clear analysis instructions 

Table XII Measure property form 
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8  HOW TO EVALUATE AND REVISE A PMS 

This chapter approaches the industrial objective of this doctoral thesis and 
describes a proposed method for evaluation and revision of performance 
measurement systems. The method is called “the Performance measurement 
progression map” and has been developed in order to show how to use the part 
results presented in the previous chapters. The chapter begins with an over-
view of the method. Then, each of the methods nine steps is described.  

8.1 Overview of the method  
The method (i.e. the performance measurement progression map) described in 
this chapter has been developed in order to give a structured guide of how to 
evaluate and revise a PMS (see Figure 8.1). An important note is that the 
method does not advocate the use of any type of particular framework to design 
a PMS (such as the balanced scorecard or the performance prism). Instead it is 
solely focused on improving the performance of an existing PMS without con-
sider its origin. The intention is that the method should be applicable to all 
types of PMS and mainly strive to enhance the fulfilment of important re-
quirements in a PMS.   

The performance measurement progression map is formed as a flowchart and 
consists of nine steps, which in turn are separated into three phases27 (A-C). In 
Phase A, the PMS is analysed from a broad perspective with focus on finding 
an appropriate and useful set of measures. This phase is highly connected to the 
question: what to measure? Phase B is concerned with how each individual 
performance measure in the system is designed. This phase is mainly related to 
the question: how to measure? Phase C includes the actual implementation of 
the results from Phase A and B. Each phase contains a step that is focused on 
evaluation (step 2, step 5 and step 8), which is immediately followed by a deci-
sion where the user must decide if the evaluation has showed that there are 

                                                      
27 It should be noted that this research has been focused on Phase A and B in the method, since 
these phases are primarily concerned with performance measurement design. Phase C (i.e. the 
implementation phase) has not been addressed. 
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needs to make revisions or not. This allows the user of the method to skip a 
step or to make necessary changes of a prior step depending on the result of the 
evaluation.  

Even though being shown in series (Figure 8.1), when using the method some 
of the steps will probably be done in parallel, for instance, if one needs to go 
back to a previous step to make adjustments.  

 

Stop*

Start

Step 1
Area selection

and system
decomposition

Step 2
Evaluation of the

system

Step 3
Revision of the

system

Step 7
Implementation

Step 8
Fulfillment
Evaluation

Satisfied?

NoNo

Satisfied?

Phase A
Step 4

Decomposition of
performance

measures

Step 5
Evaluation of
performance

measures

Satisfied?

No

Step 7
Revision of

performance
measures

Yes Yes

Yes

Phase B Phase C

* The evaluation and revision of the PMS
should be repeated when necessary

Step 9
Additional
revisions

 

Figure 38 The performance measurement progression map 
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8.2 The method’s nine steps 

8.2.1 Step 1: Area selection and system decomposition 
This step is performed according to the following procedure. 

1. Area selection   
2. Definition of boundaries 
3. Manufacturing analysis    
4. Objective specification 
5. System decomposition   

Area selection  

The first activity to be performed is to select an appropriate area within the 
company, which PMS is going to be evaluated and revised. When dealing with 
a larger company, it may be difficult to focus on the company’s entire PMS. 
The size of an appropriate area depends on the time that is available for the 
evaluation as well as the resources that can be used. Examples of suitable areas 
can be: a department, a workshop or even a machine group. Moreover, since a 
PMS should always be aligned with the strategic objectives at the top of the 
company, the higher levels of the company should be covered before the lower 
ones.  

Definition of boundaries 

It may be necessary to define clear boundaries to the area in order to avoid 
confusion, such as: included hierarchical levels, products, customers, suppliers 
and personnel. 

Manufacturing analysis  

A successful PMS must reflect the specific needs of the area and consider the 
case-specific key-factors that have an influence of productivity. One should 
therefore describe the manufacturing processes within the area and collect in-
formation about used resources, disturbances, losses, products etc. Several 
tools28 to use for identifying important key-factors can be found in the per-
formance management literature.  

                                                      
28 For example, such a tool is being developed within one of the sub-projects to the productivity 
project (see Grünberg, 2003).   
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Objective specification 

In order to be able to evaluate the PMS one must clearly know what the com-
pany wants to achieve with it. This includes specifying strategic, tactical and 
operational objectives for the area. One should also in order to avoid confusion 
state how the company has interpreted frequently used terms like performance 
and productivity.    

PMS description  

The final activity in this step is to survey and describe the structure of the exist-
ing PMS for the selected area, preferably by the use of the model presented in 
Figure 37. This includes decomposing the main system into sub-systems, indi-
vidual measures, users, goals and other relevant information of the PMS.  

8.2.2 Step 2: Evaluation of the system 
Three courses of action are executed in this step.  

1. Requirement evaluation 
2. Classification of system class 
3. Description of strengths and weaknesses  

Requirement evaluation 

First, a subjective evaluation of to what degree the existing PMS fulfils differ-
ent system requirements is performed. This is done with the system evaluation 
form (described in Table IX). 

Classification of system class 

Second, after the system requirements have been analysed the system class of 
the PMS is determined, according to the descriptions in Table VIII.  

• 1st class 
• 2nd class 
• 3rd class 
• Class zero 
• Class minus 

Description of strengths and weaknesses  

Finally, identified strengths and weaknesses of the PMS are fully described.     

In conclusion, this step explores: fulfilled requirements, system class, and 
strengths and weaknesses. 
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8.2.3 Step 3: Revision of the system 
Depending on the result of the evaluation in the previous step, there are two 
different strategies to follow when revising the PMS:  

1. Class completion strategy 
2. Class progress strategy 

Class completion strategy 

This strategy is used if some defined requirements within the system class have 
not yet been fulfilled to a satisfactory degree. The class completion strategy 
simply means that unaccomplished requirements receive considerable attention 
until the PMS has completed all class requirements. This may involve continu-
ous improvements for a longer period of time, where one requirement at the 
time is focused.  

Class progress strategy 

This strategy is used when all requirements within the system class have been 
achieved to a satisfactory degree and the organisation is ready to move up to a 
higher class. The class progress strategy will require more efforts for a shorter 
period of time than the previous described strategy, since many new require-
ments must be focused simultaneously and the PMS will be affected by major 
modifications.  

The basic result from this step will be decisions on “what more should be 
measured” and “what should not be measured”. 

8.2.4 Step 4: Decomposition of performance measures 
In this step, all available information about each performance measures in the 
PMS must be decomposed and described, preferable by the use of the measure 
specification form presented in section 7.2.2.  

8.2.5 Step 5: Evaluation of performance measures 
In this step, three different types of analysis are conducted on each perform-
ance measure in the PMS:  

1. Measure type classification 
2. Specification fulfilment 
3. Measure property identification  
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Measure type classification 

The first analysis is made in order to classify the performance measures accord-
ing to their measure type. This is done by subjectively evaluating the two crite-
ria: information benefit and information usage (see section 7.3). It is then pos-
sible to classify each performance measures in the following types.  

• Type A  
• Type B 
• Type C 
• Type Zero 
• Type Minus 

Specification fulfilment 

The second analysis concerns the necessary specifications of a performance 
measure. This is simply done by studying the results from step 4, where all 
available information concerning each performance measure were collected, 
and comparing it to the list of parameters in the measure specification form 
(see section 7.2.2). All parameters that are not sufficiently specified and ade-
quately described should of course be noted. 

Measure property identification 

The third and final analysis deals with the identification of the performance 
measures’ properties. This is done subjectively by the use of the measure prop-
erty form described in section 7.4.  

8.2.6 Step 6: Revision of performance measures 
In this step, three different courses of action are performed:  

1. Performance measures are removed.  
2. Performance measures are modified.  
3. New performance measures are added.    

In addition, performance measures without any flaws will of course be kept in 
the PMS without any adjustments.  

Performance measures are removed  

The performance measures that in the previous step have been classified as 
needless (Type Zero) or treacherous (Type Minus) are directly removed from 
the PMS. This action can also be applied to performance measures classified as 
informative (Type C) if the risk of information overload is high. Further, the 
result from step 3 must also be considered here.  
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Performance measures are modified  

It is likely that some valuable performance measures (Type A to C) in the PMS 
will be limited by flaws due to an improperly design (identified during the 
three analyses in step 5). Such measures must now be modified in accordance 
to the requirements a measure should fulfil. Notable is that the aim here should 
be, when possible, to modify a measure so that information benefit and infor-
mation usage will increase (so that the measure reaches a higher measure type).   

A measure can be modified through:  
• Reduction of the negative properties and improvement of positive 

properties of the measure (work with the measure property form).  
• Additional specifications to complete the specification form.  

New performance measures are added  

According to the decisions in step 3, new additional performance measures 
must now be designed and placed in the PMS. It is, of course, important that 
the design of new measures fulfil all the necessary requirements.   

8.2.7 Step 7: Implementation 
In this step, the actual implementation of the revisions of the PMS (decided in 
step 3) and each performance measure (decided step 6) takes place.   

8.2.8 Step 8: Fulfilment evaluation 
When the revisions in the PMS have been implemented, it is important to ver-
ify that they give a desirable result. This is done by once again using the system 
evaluation form described in Figure 6.4. 

8.2.9 Step 9: Additional revisions 
In this step, additional revisions on are made based on the result of step 8. 
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Part IV 

EMPIRICAL STUDIES AND 
DISCUSSION OF MAIN RESULTS 
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9 SURVEY AND CASE STUDIES 

In this chapter, the results from a survey and several case studies that have 
been conducted during this research are summarised. It should be noted that 
some of the names of the studied companies are not published due to confiden-
tial reasons. It should also be mentioned that the survey and case study 1 is 
carried out in cooperation with the other sub-projects in the productivity pro-
ject. These two studies have therefore contained some objectives that are not 
directly of interest to the research objective of this doctoral thesis. Neverthe-
less, this chapter will only present material from the studies that is relevant to 
the focus of this research (i.e. the performance measurement area).    

9.1 Survey:  A pre-study of five companies 
The complete survey has been published as an internal report (see: Tangen and 
Johansson, 2000). Results concerning how the companies defined and meas-
ured their productivity have also been presented in a conference paper (see: 
Tangen, 2002c). 

9.1.1 Background 
This survey was conducted during the first three months (the year 2000) of the 
main research project (i.e. Productivity development of manufacturing systems) 
and served as a starting point when forming the objectives and the research 
approach of the project (see section 2.1). Five different companies participated 
in the study. Each company can be briefly described as a multinational com-
pany with more than 1000 employees. In addition, at this point in time, all 
these five companies were involved in the research project and employed sev-
eral of the project’s participants.   

9.1.2 Objective and method 
The objective of the survey was mainly to study how the five companies 
worked in order to improve their productivity. This objective included investi-
gating:  
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• What productivity definitions the companies used, as well as the inter-
viewed managers’ general view of the meaning of productivity. 

• How the companies measured productivity. 
• What tools that were used within the companies to improve productiv-

ity and what factors that considered affecting the productivity of the 
companies. 

In addition, the survey also aimed to gather information of what questions, 
concerning productivity, that the companies would like the research project to 
focus on.  

A total number of 15 managers from the five manufacturing companies were 
interviewed about how their companies defined, measured and improved pro-
ductivity. Each interview lasted about 2 hours and was conducted at the com-
panies where the managers worked. The interviews can be classified as semi-
structured interviews (see: Westlander, 2000) where five major questions were 
discussed in detail: 

• How is productivity defined at your company? 
• What performance measures is used within the company? 
• What methods are used in order to improve productivity? 
• What key-factors affects productivity? 
• What are the company’s main interests in this research project?  

9.1.3 Results 
As expected, the result of the interviews confirmed previous research in the 
performance measurement literature and showed that there was little or no con-
sensus in the studied companies of what the term productivity means and how 
it should be defined. The interviewed managers agreed in that it is very impor-
tant to establish a clear definition of productivity within a company as well as 
within the industry in general. A common opinion was that a definition of pro-
ductivity would simplify communication and help employees to understand 
company goals. A definition would also help both managers and employees to 
take appropriate decisions to improve productivity. Nevertheless, a clear defini-
tion of productivity had not been advocated in none of the studied companies. 

The managers presented various views on the meaning of productivity and 
numerous of performance measures that the companies used. It was clear that 
the manager’s opinions on the meaning of productivity were strongly influ-
enced by the performance measures used at each company. Many of the man-
agers thought that they fully understood the meaning of the term productivity. 
At the same time; however, they had difficulties in explaining the differences 
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between productivity and similar terms, such as profitability, which was mostly 
seen as the same thing as productivity.  

The performance measure OEE was used at all companies, but each company 
also presented a lot of own performance measures. The way that the companies 
had chosen to measure productivity varied significantly and numerous of dif-
ferent performance measures were used at each company. One company had 
applied Balanced Scorecard to design its measures.     

There were many different tools that were used at the companies to improve 
productivity, ranging from established methods like TPM, Six Sigma, and The-
ory of constraints, to tools that were more or less invented by the companies 
themselves, like tools for competence development or reduction of waste, lead 
time and resetting time.  

Finally, the managers wanted this research project mainly to develop 
comprehensive tools that would help them to measure and improve 
productivity in a structured way. These tools should both be focused on the 
daily continuous improvement of manufacturing operations as well as on how 
to radically change production processes and products. The managers argued 
that such tools were not yet available to them.      

9.1.4 Conclusions 
An important conclusion from this survey is that it confirms the relevance of 
the research presented in this doctoral thesis. For example, it clearly shows an 
absence of a common terminology in performance measurement and advocates 
a need for research within that field. The survey also confirms the existence of 
the other obstacles in industry described in the problem description (see section 
1.4), such as: the huge amount of performance measures to select among and 
the many different factors that affect productivity in a company.  
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9.2 Case study 1:  Productivity improvement at 
ABB Robotics 
The complete case study has been published as a Woxénreport (see: Grünberg 
et al, 2002). Results concerning the managers’ and employees’ views of pro-
ductivity have also been presented in a conference paper (see: Tangen, 2002c). 

9.2.1 Background 
This case study was conducted at ABB Robotics in Västerås the year 2001. At 
the time of the study ABB Robotics employed approximately 650 employees 
and had turnover around 300 million dollars per year. Further, ABB Robotics 
was one of the world’s leading robot manufacturers, and had since 1974 sold 
and installed more than 90.000 robots across the world. The manufacturing 
activities at ABB Robotics were heavily dominated by manual assembly opera-
tions. Their robots came in a number of variants and were all customer ordered. 
When the study was performed, ABB Robotics was working with development 
of its production system to be able to improve the service to their customers. 
One part of this was to improve the productivity in the company’s processes. 

9.2.2 Objective and method 
The main objective with this case study was to generally explore the productiv-
ity improvement work that was conducted at ABB Robotics as well as to iden-
tify and suggest new areas for potential productivity improvement. This in-
cluded an investigation of how the company and its employees defined produc-
tivity and other terms related to performance as well as an evaluation of the 
performance measures that were used within the company. In addition, another 
objective connected to this case study was to start to formulate a theoretical 
base (for the productivity project) of how to generally improve productivity in 
manufacturing companies.  

The case study involved 20-minutes long structured interviews (see: West-
lander, 2000) of 27 employees from top management to bottom line operators.  
Several internal documents were also studied in which the productivity im-
provement work at ABB Robotics was explained. Direct observations in the 
plant were also made during a visit of 2 days. 
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9.2.3 Results 
Strategic objectives and operational performance factors 

From an overall point of view, ABB Robotics had specified four major strate-
gic objectives (in figures) to be reached within the following years:   

• Profitability – reduce prices and keep material costs on a constant level 
• Dependability – ability to handle variations and increases in volume  
• Quality – deliver products to the right quality (zero defects)   
• Flexibility – ability to handle a large range of variants  

In summary, the following two factors were identified during the study to have 
a major negative effect on productivity from an operational perspective: 

• Low supplier performance – some of the more important suppliers of-
ten delivered raw material with low quality as well as they could not 
deliver according to schedule.  

• Low labour productivity – the value adding time of the operators in the 
assembly was at an unacceptable level compared to total time.   

Terms and concepts 

The case study showed that there was little consensus among the interviewees 
of meaning of productivity as well as other related terms. The lack of produc-
tivity definition had unfortunately resulted in that the employees did not fully 
understand the management’s goals for improvement, even though the goals 
had been specified in figures. Many different opinions of what characterize 
productivity were emphasized during the interviews, including “making 
money”, “efficient use of labour” or just “good performance”, however, the 
term was seldom linked to the relation between output and input. Despite it was 
agreed that a clear definition would be very useful, allowing people to focus 
and “speak the same language”, the management did not show any interest in 
this issue. A major reason for not defining the term was the difficulties in actu-
ally agreeing on what productivity meant. 

Used performance measures 

Many different performance measures were found at ABB Robotics. For ex-
ample, the following three were more frequently used to analyse and improve 
productivity in the manufacturing and assembly area:  

 

products produced ofNumber 
 imeoperator t Reported ty productivi imeAssembly t =   (9.1) 
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Sales

stock in  Capital ty productiviInventory =   (9.2) 

 
products produced ofNumber 

cost ingManufactur cost  productionUnit =   (9.3) 

The performance of the suppliers was measured both in quality (parts per mil-
lion) and in delivery (time and quantity). This information was collected in a 
web-based and easily accessible database called “Suppliers web”, which in turn 
classified the suppliers according to their performance (red, yellow and green).  

Finally, several performance measures were used in order to monitor the per-
formance towards the customers, including: customer delivery performance 
and volume flexibility (short-term, medium-term, long-term). 

Performance measurement evaluation29 

The PMS at ABB Robotics could be classified as a 2nd class system since it, for 
example, had a multi-dimensional view on performance and considered both 
internal and external needs. However, there were still several issues to be 
solved before it could be possible to progress to the 1st class. The used per-
formance measures supported all four stated strategic objectives to a high de-
gree. The company had also included performance measures that dealt with the 
two operational problem areas: supplier performance and labour productivity. 
One could therefore say that the limitations of the PMS were not consequences 
of the way that ABB Robotics had answered the question what to measure. 
They were, on the contrary, mostly caused by how ABB Robotics had decided 
to measure.  

First, the main problem was that many of the performance measures were not 
measured to a proper level of detail and in frequency. For example, one of the 
more centrally used performance measures was unit production cost. However, 
this measure covers not only the manufacturing cost but also the overhead costs 
of management, process development, logistics and purchasing. This makes it 
hard to identify the cause of a fluctuation. The other two productivity measures 
were also very broad as well as that they were mainly used on an aggregated 
level. In other words, these measures could indicate symptoms of various prob-
lems in the manufacturing system but they did not give enough information to 
make a diagnosis. Such measures can easily lead to false interpretations and 

                                                      
29 It should be noted that this case study was performed long before the “performance measure-
ment progression map” had been developed. This means that the evaluation is mainly based on 
common requirements found in the literature at the time of the study.  
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create misunderstandings. Their value is also limited when it comes to im-
provement activities.  

Second, another vital problem was that the employees were not able to affect 
the outcome of some performance measures. For example, the assembly time 
productivity measure was, of course, affected by the performance of the as-
semblers. However, this measure was also highly influenced by the perform-
ance of the suppliers since it was not designed to take into account waiting time 
caused by lack of material or quality defects in material (which were two very 
common disturbances). Consequently, the assemblers could therefore be 
blamed for disturbances that had been caused by the suppliers. This problem 
did also affect other performance measures that were used later in the supply 
chain, such as the customer delivery measures. 

Third, the number of used performance measures was rather high from an over-
all point of view. It was also not clear what performance measures that should 
be considered as the most important ones. This can increase the risk of confu-
sion when analysing the measures as well as it can make it difficult to agree on 
what actions to take when trying to improve the performance of the company.   

9.2.4 Conclusions 
As earlier mentioned in chapter 2, the result from this case study has mainly 
been used from an explorative point of view when designing the performance 
measurement progression map that was described in section 8.1. Several impor-
tant issues to consider when evaluating performance measures where identified 
during the study. For instance, the study showed that it is not just important 
that the PMS consists of proper performance measures (i.e. reflecting the stra-
tegic objectives of the company). It is also vital that each performance measure 
is measured in properly. Otherwise the PMS will not function in the way that it 
is intended. In conclusion, the “what to measure” and the “how to measure” 
are highly connected to each other and it is therefore necessary that both these 
questions are considered when evaluating a PMS.    

The study also illustrated several important properties that performance meas-
ures should fulfil, such as: a measure must be measured to an appropriate fre-
quency and precision, one should be able to affect the results of the measure, 
and that it is needed to make specifications. These properties have in turn been 
used when specifying the measure property form (see Table XII Measure 
property form). 
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9.3 Case study 2: Designing a productivity 
measure  

9.3.1 Background, objective and method 
This minor case study was conducted at a small company with 38 employees 
and a yearly turnaround of approximately 4 million dollars (the year 2002). 
The company business was mainly to manufacture and sell various types of 
cables in numerous variants to the telecom and data industry. The manufactur-
ing activities were heavily dominated by manual operations. The objective of 
the study was to design a new performance measure that would help improving 
the productivity of the company’s manufacturing system. During the study, 
several unstructured personal interviews (see: Westlander, 2000) of four peo-
ple were conducted as well as direct observations were made at two occasions 
in the manufacturing system. The company’s MPS-system was also explored.  

9.3.2 Results 
The existing performance measures at the company were solely a few financial 
measures and the PMS could therefore be classified as a zero class system. 
Furthermore, the management had specified three major purposes that a new 
productivity measure should be used for: 

• Support evaluation, control and supervision 
• Show the result of modifications made in the manufacturing system  
• Change the existing focus on money to a focus on the products     

Based on these purposes it was decided to design a labour productivity measure 
(defined as a ratio between the number of produced units related to the number 
of work hours) to be used in the manufacturing area. However, this relatively 
simple measure turned out to be much more difficult to design in practice than 
expected, especially when the equation was going to be specified. In summary, 
two major problems had to be solved. First, the number of produced units is a 
variable that is easily measured when dealing with one type of product or prod-
ucts that are very similar to each other and include the same amount of work 
content. When the products vary to a great extent and can be ordered in numer-
ous variants, different products must be treated in various ways. In this case, it 
was decided to “weight” each type of product according to its assembly time in 
order to solve this problem. In addition, other approaches were also discussed, 
such as to “weight” the output according to each products market price or its 
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material cost. Second, the number of work hours did also show to be difficult to 
calculate since the employees worked in a functional layout with a complicated 
flow and were also practicing job rotation. In order to fulfill the specified pur-
poses of the productivity measure it was needed to measure it both at an aggre-
gated level and at several stations in the manufacturing area. However, in order 
to do that one must clearly know who is working with what, which showed to 
be very difficult to answer. Finally, it was decided that the foreman in the 
manufacturing area had to keep a record on the time that each employee spend 
in each station. 

In conclusion, from an overall point of view it was believed that the designed 
productivity measure would serve its purposes but some limitations were also 
identified, which were mainly caused by the “weightning” of the variables. For 
instance, it could be easier to achieve high productivity with the product mixes 
that had long assembly times than the short ones. Furthermore, there was a risk 
that the employees would not work exactly according to their schedule, result-
ing in distortion of the measure. The performance measure did also not give 
any information about causes to variances.  

9.3.3 Conclusions 
The contribution from this case study to the research has mainly been that it 
gave insight into some of the difficulties that can come up when the equation to 
a performance measure is going to be formulated in detail. This can indeed be a 
problem area, even though the equation is rather simple and the restrictions to 
the equation is clear. The study showed that the specification of each variable 
in the equation must be carefully considered; otherwise the performance meas-
ure may not function as intended. It also showed that it might not be possible to 
fulfil all specified purposes of a measure when formulating its equation. The 
study also pointed out some problems with “weightning”. Usually, there are 
several different ways to “weight” a variable and one may therefore question 
the value as well as validity of a performance measure when this technique has 
been applied to its equation. “Weightning” is difficult to perform and if not 
done with caution there will always be a risk that the designed performance 
measure will cause sub-optimisations.      

In addition, it should be noted that this productivity measure was never fully 
deployed in the company and its effects could never be evaluated. The reason 
for this was that the company, at the time, started to experience some economi-
cal problems due to the telecom crisis, which later led to bankruptcy.  
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9.4 Case study 3: Using the proposed method 

9.4.1 Background  
This case study was conducted (April to August-2004) at Westinghouse Elec-
tric Sweden AB in Västerås. Westinghouse Electric Sweden AB is a part of the 
Westinghouse Electric Company, which has since the 60s offered a wide range 
of nuclear plant products and services to utilities around the world. Westing-
house Electric Sweden AB has 685 employees and a yearly turnaround of ap-
proximately 100 million dollars. The factory in Västerås produces nuclear fuel 
(Figure 39), which comes in a huge number of variants and are customer-
ordered. The manufacturing includes all the necessary processes to transform 
uranium hexaflouride (UF6) and metal sheets and rods (zircaloy) to a complete 
product. This manufacturing is characterised by many highly automated proc-
esses, extreme demands on quality and safety, lots of manual transportations 
and manual assembly operations.  

 

Figure 39 Nuclear fuel assembly SVEA-96 (Westinghouse, 2001) 
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9.4.2 Objective 
This case study was initiated in order to further develop and validate the pro-
posed method (i.e. the performance measurement progression map) that has 
been developed to help measurement practitioners to evaluate and revise PMS 
(see chapter 8). The main objective of the case study was to use the method in 
practise and make an evaluation of its applicability and performance. In other 
words, the question was to see if the proposed method really could be of assis-
tance when evaluating and revising a PMS. 

9.4.3 Method 
Westinghouse was selected to participate in the study for three main reasons. 
First, Westinghouse is a company that is highly focused on its manufacturing 
operations, which in turn is an important area of this thesis. Second, Westing-
house has a relatively effective and highly developed PMS, which means that 
the proposed method had to face a major challenge to be successful. Third, 
Westinghouse was willing to provide the study with rather sensitive informa-
tion (e.g. strategic objectives, important productivity factors, used performance 
measures). This was of course crucial since otherwise it would not be possible 
to apply the proposed method properly.  

During the case study, the proposed method was applied in company according 
to its descriptions in chapter 8, except for the three steps in phase C (i.e. the 
actual implementation). The data collection about the company and its PMS 
was done by conducting site visits and several interviews of three employees as 
well as by studying documents.  

In addition, one of the first decisions that was made during this case study was 
to focus on a limited part of Westinghouse’s PMS, which covered the top-level 
and one of the manufacturing units within the fuel channel manufacturing 
(called the box-unit) including its four separate workgroups.  

The result from the study will be presented in the next section, in order of each 
of the six steps of the proposed method that was performed. 
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9.4.4 Results 
Step 1: Area selection and system decomposition 

The manufacturing at Westinghouse is divided into five main areas: Conver-
sion, UO2 pelletizing, Gd pelletizing, Fuel channel manufacturing, and Fuel 
rods and assembling. Furthermore, the personnel is organised into eight sepa-
rate manufacturing-units within these areas. Each unit is in turn separated into a 
number of workgroups with approximately 3-5 employees (Figure 40). In addi-
tion, one of the first decisions that was made during this case study was to fo-
cus on a limited part of Westinghouse’s PMS, which covered the top-level and 
one of the manufacturing units within the fuel channel manufacturing (called 
the box-unit) including its four separate workgroups.  

 

Conversion UO2
pelletizing

Gd
 pelletizing

Fuel channel manufacturing

Fuel rods and
assembling

Supplier

Supplier

Customer

Management

Unit

Group

 

Figure 40 Manufacturing areas30 and organisation 

During the interviews, several specified objectives that the employees should 
strive for as well as important productivity key-factors was emphasised (both 
within the top-level and the box-unit). These are summarised in Table XIII.  

                                                      
30 A more detailed process map that explains how the products are manufactured can be found in 
Appendix 2.    
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Studied  
object 

Objectives (strategic tactical and 
operational) 

Important productivity factors 

The nuclear 
fuel manufac-
turing 

Improve customer focus 

Increase the competence of the 
employees 

Increase the production-volumes 

Create a robust and reliable manufac-
turing system  

Focus on continuous improvement 

High demands on safety and quality 

Introduce preventive maintenance  

Cut costs  

Establish new markets 

The amount of uranium hexaflouride in 
the manufacturing system (extremely 
expensive)  

Lead time through the factory 

Material wait and other time losses 
(caused by: unreliable suppliers, needed 
customer approvals, certificate problems, 
lack of manufacturing instructions)    

Handling losses  

Unstable processes 

Bottlenecks  

High personnel costs 

Problems with maintenance  

The batch system causes disturbances 

The box-unit  Increase the production-volume 
(without increasing the amount of 
work hours)  

 

  

Balancing losses and problem with the 
material flow. This is turn caused by: 

The number of machines (and processes) 
is higher than the number of operators to 
handle them, which often leads to mate-
rial wait. 

One of the machines is very slow and 
runs over two shifts. 

There are no effective rules that handle 
the material flow.   

The layout of the workshop creates a 
difficult material flow  

Ineffective handling of buffers 

Workgroups 
within the box-
unit 

Create an organisation were opera-
tors are responsible for the result of 
the group instead of for the result of 
themselves.  

Operator flexibility (which means that they 
should be able to move between each 
machine in the flow) 

Table XIII Objectives and productivity factors within Westinghouse 

The PMS at Westinghouse had been designed one year prior to this study. Sev-
eral performance measurement consultants were involved in this work, which 
followed the framework of balance scorecard (see Kaplan and Norton, 1992). 
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During this work, the structure of the PMS and the performance measures at 
the higher levels within the PMS had been fully developed. However, there 
was still things that needed to be done, for example many of the workgroups 
were still trying to specify their performance measures at the lower levels.  

Vision

Nuclear fuel manufacturing

Units

Workgroups

Top-18 measures

Several measures
important for each unit

Few measures important
for each workgroup

 

Figure 41 The design of Westinghouse’s PMS 

The PMS had been developed through a top-down process, which started with 
a definition of the company’s vision (see Figure 41). From this vision, 18 per-
formance measures were designed to function within the top-level of the com-
pany. At this point, six main categories were also defined in which all perform-
ance measures at all levels should be divided in:  

• Technology  
• People  
• Customer and quality 
• Delivery  
• Cost 
• Safety and environment       

Much effort had also been spent on the visualisation of the PMS. For example, 
boards that displayed data of the performance measures had been placed in the 
factory and each of the categories described above had been linked to a specific 
colour. Table XIV summarises used performance measures within the nuclear 
fuel manufacturing (top 18) and within the box-unit.  
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Nuclear fuel  manufacturing: top 18 Box-Unit 

1. Fuel performance BWR 

2. Fuel performance PWR 

3. Employee development 

4. Sickness absence 

5. Customer satisfaction 

6. COPQ (Cost of poor quality) 

7. CAPs (Safety) 

8. External audit responsiveness 

9. On-time delivery 

10. Lead time 

11. Inventory own (Uran) 

12. Cost vs forecast 

13. Productivity 

14. Environment performance 

15. DACR/TRIR (accidents) 

16. Behavioural safety 

17. Reportable incidents to SKI/SSI 

18. Personnel dose 

19. Productivity 

20. Lead time 

21. Tact time 

22. Employee development 

23. Utilisation metal sheets 

24. COPQ (Cost of poor quality) 

25. Production evaluation 

26. Financial info (Not displayed on 
board) 

27. BSI (Safety) 

28. Daily info from machines 

29. Production info (Displayed on 
group boards) 

30. Problems/ Actions taken 
(Displayed on group boards) 

 

 

Table XIV Used performance measures31 

Step 2: Evaluation of the system 

With help of the system evaluation form (see Appendix 2) several conclusions 
were made about Westinghouse’s PMS. First, this PMS was classified to the 
2nd system class, since many of such requirements were fulfilled to a high de-
gree. Furthermore, the PMS had a good structure and supported the most im-
portant objectives of the company. It considered topical problems; such as to 
improve the customer focus and reduce lead time, as well as it placed a high 
emphasis on important safety issues. A main strength of the PMS was its bal-
ance between used performance criteria and consideration of different stake-

                                                      
31 This overview of used performance measures is not based on the suggested model described 
by Figure 36,  since it only shows a minor part of Westinghouse’s PMS.   
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holder needs. Since all the performance data were displayed on boards in the 
factory, information was easily accessible and forwarded to the right persons. 

However, the PMS was also found to include several weaknesses. Perhaps the 
most vital one was that the PMS contained a huge number of performance 
measures, especially at the management-level (i.e. top-18). This could probably 
lead sub-optimisations, since no instructions had been made on how to priori-
tise information received from the different performance measures. Other 
weaknesses were: 

• The design of the performance measures was not completely finished 
at many workgroups. 

• Some important objectives/factors had not been considered in the PMS. 
For example: to focus on continuous improvement, preventive mainte-
nance and new markets, and different kinds of losses. 

• Different time-horizons were used, but only one existed at each 
performance measure. 

• No clear process had been defined that would help to update the PMS 
when necessary. 

• The six categories were used differently at each level and unit (for ex-
ample productivity).    

• No limitations with the PMS had been identified and emphasised. 
Step 3: Revision of the system 

A possible approach when revising this PMS could be to aim for the 1st class 
system (i.e. implementing the class progress strategy), since most of the 2nd 
class system requirements were fulfilled to a high degree. However, this was a 
rather recently designed PMS and not fully developed and it was therefore 
suggested that no major changes were made to it before being properly imple-
mented in the organisation. Major changes would only result in confusion at 
this time.  

Instead, focus should be spent on improving some of the PMS’s weaknesses in 
the following way. First, since the PMS consisted of numerous measures it was 
suggested that some of them with similar meaning were removed or merged 
together (for example, measures concerning safety and quality) as well as in-
structions are made that show how to prioritise the information retrieved from 
the measures. Second, the six categories should also be used equally within the 
whole PMS. Third, important objectives/factors that was not yet a part of the 
PMS should be considered (for example, different types of losses should be 
measured).  
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Step 4: Decomposition of performance measures 

Table XV and Table XVI describes the performance measures that were used at 
Westinghouse in detail. It should be noted that theses tables do note include 
several defined measure-parameters (e.g. who measures, target, who acts). 

No Category Title Equation Frequency 

1 Technology Fuel performance 
BWR 

Avarage fraction of rods in operation 
leaking [ppm]  

Monthly 

2  Fuel performance 
PWR 

Avarage fraction of rods in operation 
leaking [ppm]  

Monthly 

3 People Employee 
development 

Fraction of employees with timely 
competence reviews [%]  

Quarterly 

4  Sickness 
absence 

Avarage number of days lost due to 
sickness [%] 

Monthly 

5 Customer and 
quality 

Customer 
satisfaction 

Scale 1-5, based on customer interviews Annual 

6  COPQ  Cost of poor quality per separate definition 
[%] 

Monthly 

7  CAPs Avarage age of open issues [days] Monthly 

8  External audit 
responsiveness 

Fraction of comitments closed out of time 
[%] 

Monthly 

9 Delivery On-time delivery Fraction of deliviries completed on time [%] Monthly 

10  Lead time Time from 1st UF6 to completed assembly 
[days] 

Quarterly 

11  Inventory own 
(Uran) 

Amount U-235 [quantity] Quarterly 

12 Cost Cost vs forecast  Quarterly 

13  Productivity FTE per ton Uran BWR and PWR fuel Quarterly 

14 Safety and 
environment 

Environment 
performance 

Breeches of authorizations [quantity] Monthly 

15  DACR/TRIR Cases per 200000 hours worked [quantity] Monthly 

16  Behavioural 
safety index (BSI) 

Safety index, i.e. fraction of criteria met in 
each area 

Monthly 

17  Reportable 
incidents to 
SKI/SSI 

[quantity] Monthly 

18  Personnel dose Avarage and max dose [mSv] Quarterly 

Table XV  Top performance measures at Westinghouse 
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No Category Title Equation Frequency 

Unit 

19 

 

Technology 

 

Productivity 

 

Number of workhours per 
completed box 

 

Weekly 

20  Lead time Avarage time between first and 
last operation  

Weekly 

21  Tact time Number of manufactured boxes 
[quantity] 

Daily 

22 People Employee 
development 

Fraction of employees with 
timely competence reviews [%] 

Quarterly 

23 Customer and 
quality 

Utilisation of metal 
sheets 

[%]  

24  COPQ  Cost of poor quality  

25 Delivery Production evaluation Deliver to? What products? 
Finished?  

Daily 

26 Cost Financial info   

27 Safety and 
environment 

BSI Safety index, i.e. fraction of 
criteria met 

Monthly 

28 - Production-info from 
machines 

 Daily 

Group 

29  Production Number of components 
produced / process 

Daily 

30  Occurred problems/ 
Actions taken 

 Daily 

Table XVI Unit and group performance measures 

Step 5: Evaluation of performance measures 

In this step, the studied performance measures were first analysed and classi-
fied into measure types, according to their information benefit and information 
usage. None of the used performance measures were classified as Type Zero or 
Type Minus. However, several of the performance measures had more of an 
informative nature and therefore classified as Type C (for example; Employee 
development and Utilisation of metal sheets). Most of the measures that 
reached Type A concerned safety, quality and delivery (for example; BSI, fuel 
performance and on-time delivery.     
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Then, specifications of the performance measures were studied and it was con-
cluded that many of the parameters of the performance measures had been 
specified to a high degree from an overall point of view. However, the purpose 
of many measures was not clearly stated as well as how to analyse the informa-
tion from them and what actions to take. There was also no information about 
the measures limitations and of when each measure should be reviewed in the 
future.     

The measure property analysis of revealed that most of the performance meas-
ures was properly designed. The visualisation of the measures was found to be 
exemplary (graphs in colour with marked targets etc). However, no rules were 
found that explained how to analyse the measures. Furthermore, the equation of 
the performance measure “Employee development” was found to be question-
able, since it did not actually confirm that no development had taken place.   

Step 6: Revision of performance measures  

In summary, the following revisions are suggested. 
• Make additional specifications to each measure. 
• Redesign the equation of “Employee development”. 
• Investigate the possibility of merging performance measures with simi-

lar meaning (safety or quality).   

9.4.5 Conclusions 
The main contribution from this case study to the research is that it has con-
firmed that the proposed method can be of use when evaluating and revising a 
PMS. However, the proposed method cannot be considered as completely vali-
dated, since it has only tested at one company and by the person who has de-
veloped it.  

Nevertheless, in this study the proposed method showed to be an easily used 
tool. It helped to identify many different weaknesses in the studied PMS and 
also supported the work when suggesting revisions.    
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10 DISCUSSION AND CONCLUSIONS 

This final chapter begins with a summary of the most important results from 
the research, followed by a critical review of the thesis, focused on whether the 
objective is met or not. Both the industrial and the academic value of the re-
search results are discussed. Finally, questions and areas for further research 
are suggested. 

10.1 Summary  
In this doctoral thesis the last phase of development of performance measures 
has been focused, namely the continuous updating of the performance meas-
ures. The main objective has been to investigate and clarify how to evaluate 
and revise performance measurement systems, which also included the devel-
opment of a systematic method to assist measurement practitioners. In order to 
reach this objective, several obstacles that contribute to the complexity of the 
research area have been treated.  

In chapter 3 the meaning of frequently used concepts within the field of 
performance measurement was thoroughly discussed, since this issue has 
caused much debate and confusion, both in academia and in industry. Five 
main terms (productivity, profitability, performance, efficiency and 
effectiveness) were explained and later connected to each other in the Triple-P 
model. In chapter 4 various ways to measure performance were categorised and re-
viewed. Several individual performance measures as well as some of the more 
well-known conceptual performance measurement frameworks were presented.  
Furthermore, the analysis revealed different advantages and shortcomings of 
each individual performance measure and conceptual framework.  

In chapter 5 key-factors found to affect the productivity of a manufacturing 
company were discussed. The key-factors were divided into five groups: (1) 
design of processes and equipment; (2) disturbances and losses; (3) manage-
ment and control; (4) product design; and (5) job design and work organisa-
tion. 
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In chapter 6 and 7 the attention was mainly focused on the different require-
ments that performance measurement systems should fulfil; where the former 
chapter treated requirements related to the system level while the latter the 
measure level. Several new concepts and tools to use in performance measure-
ment were also introduced in these chapters. For example, the concept of sys-
tem classes and the system evaluation form, which can be used to classify PMS 
and identify how they fulfil important system requirements. Furthermore, im-
portant parameters to specify when designing a performance measure were 
presented  (i.e. the measure specification form). The concept of measure types 
was also introduced, which can be used to distinguish the indispensable meas-
ures from the ones that are more or less used for informative purposes. Finally, 
the properties that a measure should have were discussed and a tool for evaluat-
ing a measure was proposed (i.e. the measure property form).  

In chapter 8 a method called the performance measurement progression map 
was proposed, in order to give measurement practitioners a comprehensive 
guide of how to evaluate and revise performance measurement systems. This 
method shows how to use the tools in chapter 6 and 7 from an overall point of 
view. 

In chapter 9 the results from a survey and three case studies, which have been 
performed during research, were described. These studies did not only support 
the problem description of the research from an empirical point of view; they 
also verified the usefulness of the proposed method.    

10.2 Discussion and critical review 
There are several issues that should be discussed concerning the research pre-
sented in this doctoral thesis.  

10.2.1 Has the objective been met?  
One of the more important questions to address when critically reviewing a 
thesis is whether the objective has been met or not. The main academic objec-
tive of this doctoral thesis was formulated in chapter 1 as:  

“To investigate and clarify how to evaluate and revise performance 
measurement systems.”  

Without a doubt, the research has indeed investigated this issue as well as sug-
gested a method that explains how to evaluate and revise a PMS (i.e. meeting 
the industrial objective of the research). However, whether the research has 
fully clarified how this should be done, can be discussed.  
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On the one hand, the proposed method has several strengths when it comes to 
evaluating and revising a PMS. First, it is rather simple to understand and to 
use, which makes it suitable for assisting measurement practitioners. Second, it 
separates the system level from the individual measure level, which makes it 
easy to handle different forms of requirements. Third, it allows the company to 
slowly improve its PMS without making any dramatically changes. Fourth, it 
can be used independently from how the PMS is structured or on what concep-
tual framework that has been used to design the PMS.   

On the other hand there are also several limitations with the method. A major 
constraint is, of course, that the method has not yet been fully tested in reality. 
Furthermore, from a practical point of view, it also is necessary to describe the 
method more detailed before it can be directly used by the industry. Many of 
the tools within the method force its user to rely on subjective analysis. The 
method also leaves much to the user, which must come up with own ideas 
about how to make improvements. It can also be very time-consuming to use 
all available tools within method on a large number of performance measures. 
However, it is here important to decide what performance measures that need 
to be thoroughly analysed or not.  

In conclusion, it is believed that the research has met the objective to a high 
degree and answered the formulated research questions. However, there are 
still some issues within the research area that needs further attention and they 
are explained in future research (section 10.3).      

10.2.2 Academic and industrial relevance 
The academic relevance of the research is believed to be significant since it 
deals with important problems that are still not solved in a satisfactory manner. 
The scope of thesis is rather unique due to the fact that it concerns an area (i.e. 
the continuous updating of performance measures) that has been neglected in 
the performance measurement literature (Neely, 1999), (Medori and Steeple, 
2000), (Bourne et al, 2000), (Kennerley and Neely, 2003), (Kuwaiti, 2004). 
Three important main contributions have been made within this area: 

1. The research has from an overall point of view showed how to system-
atically evaluate and revise PMS. Opposite to most research within the 
field of performance measurement, this work has developed means to 
improve existing PMS, instead of means to design completely new 
PMS.        

2. The research has made it easier to deal with different requirements that 
a PMS should fulfil by identifying them and separating them into sys-
tem level and measure level criteria. Furthermore, the research has also 
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suggested new ways to deal with the requirements, such as: the concept 
of system classes and the concept of measure types.   

3. This work has also covered an area that few researchers have consid-
ered, namely, how to actually work with the design of performance 
measures in practise. For example, the research has showed what per-
formance measure parameters that should be specified. It also has dis-
cussed problems related to forming a suitable equation for the perform-
ance measure. Finally, it has emphasised many important positive and 
negative measure properties. 

The industrial relevance of the research can be described from various perspec-
tives. To begin with, the confusion surrounding terms such as performance and 
productivity is enormous in industry. Generally, managers have different ideas 
of what they mean, how to measure them and what that are affecting them. By 
studying these problems, this research has made important contributions to the 
industry by, for example:  

• Describing how to use the terminology within the field  
• Describing strength and weaknesses of many frequently used perform-

ance measures as well as of common conceptual frameworks for de-
signing PMS 

• Describing various key-factors that influence a company’s productivity  
Furthermore, the research has also developed several tools to be used in prac-
tice when evaluating and revising PMS. These tools are in turn simple to un-
derstand and to use and make it easier to conduct the process of continuously 
updating the performance measures in a company.    

10.2.3 Relevance of performance measurement 
An important discussion is the relevance of performance measures and how 
they should be used. Many authors describe measurement as an important part 
of productivity improvement, which is, of course, supported in this research. 
However, productivity improvement is also highly dependent on other issues. 
Appropriate measures must be used as well as the acceptance of the measure-
ment process is essential to its success as an improvement tool (Sink and Tut-
tle, 1989). As described by Daniels (1997), productivity improvement does not 
for its success rely on the application of specific productivity techniques; it 
depends on the commitment and creativity of all members of the organisation. 
In other words, a perfect productivity tool alone cannot increase productivity. 
Without motivated workers the tool becomes useless and will fail. The ap-
proach and the attitude to productivity is much more important than the type of 
any improvement tool employed.  
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There are also researchers that disagree with the usefulness of performance 
measurement and argue that knowledge about processes instead of performance 
measures should guide the improvement work (Johnson and Bröms, 2001). 
Their point of view is understandable, since the subject of performance meas-
urement has in many cases gone too far. For example, many consultants are 
using the phrase “You are what you measure”, and argue that measures can 
solve all types of problems in a manufacturing company. Which is, of course, 
not true. Another problem is that the number of performance measures used 
tends to increase to an extreme level. To use numerous measures will usually 
not give a better picture of a manufacturing situation, just result in confusion. 
Measurements succeed when they are relevant and carefully used as a support 
tool. Even though appropriate measures have been chosen, they should not be 
followed blindly, since measures are always just a simplified version of the 
reality (Tangen, 2003b). Knowledge of the processes in a company is vital to 
the improvement work. It must therefore be kept in mind that using measures, 
without knowledge of the processes that are being measured, will most cer-
tainly be unsuccessful. 

10.2.4 Critical review of the research 
There are also some critical comments that should be made to the presented 
research and how the four research questions (RQ1-4) have been answered.  

RQ1: Concepts and glossary of terms  

To begin with, criticism can be raised to the thoroughly investigation of the 
terms and concepts used within this field from two perspectives. First, one 
could say that such a discussion is pointless, since there is no correct definition 
of terms like productivity. Second, many people would also not agree that the 
Triple-P model reflects the terminology in a correct way. However, the reason 
for investigating this issue is significant. Thus, if the definitions were ne-
glected, this work would then contribute even more to the existing confusion 
on the subject. As stated by Sink and Tuttle (1989): 

“We have worked with organisations that have given up trying to 
define productivity. We have sat through numerous presentations 
where high-level managers and leaders of the productivity and qual-
ity movements in their organisations showed slides that said “Pro-
ductivity = Quality”. We have read too many articles in prestigious 
journals that talk about productivity and quality, but failed to opera-
tionally define the terms meaning and indicate that the authors do 
not know what the terms really mean in operational sense.”    
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Moreover, the Triple-P model should not be seen as an absolute version of how 
these terms should be defined. Compromises are unavoidable in order to ex-
plain the terms and their relations. The advantage with the Triple-P model is 
that it is a simple model that can erase most of the misinterpretations that sur-
round the terms and has commonly been adopted both in industry and acade-
mia. In conclusion, people who are not willing to give up their view will of 
course not accept the suggested terminology.  

RQ2: The review of the performance measurement literature  

Criticism can be raised to the review that is presented in chapter 4, since there 
are probably many existing performance measures and conceptual frameworks 
that have not been considered. However, from a practical point of the view it is 
always important to limit the contents of a review. Otherwise, it will not be 
enough space in the thesis for presenting other research results. The intention 
has been to give a comprehensive overview of the field as possible.     

RQ3: Key-factors affecting productivity  

The key-factors presented in chapter 5 can be criticised in several ways. First, 
they are presented from a general point of view and the research have made no 
attempt to clarify what key-factors that are of most importance or explained 
what hierarchical levels they should be related to. Second, the key-factors have 
mainly been identified through literature research. Studies should therefore be 
made in industry to clearly recognise their relevancy. Third, no tool is given for 
how to actually determine existing key-factors in a company.  

This chapter obviously has its limitations. However, one of the other ongoing 
sub-projects in the productivity project (Performance improvement - towards a 
method for finding and prioritising potential performance improvement areas in 
manufacturing operations (Grünberg, 2003)) has focused this issue in more 
detail. This is a major reason for only briefly considering RQ3.  

RQ4: System and measure level criteria 

Criticism can be raised concerning the presented requirements that a PMS 
should fulfil in several ways. One could first question if it is even possible to 
satisfy all of the presented requirements? Probably not, but the important thing 
to remember here is that the specified requirements should be used to identify 
current weaknesses of a PMS and point out directions of what to strive for. 
Without knowing a PMS’s weaknesses, there will always be a risk that it is 
interpreted inaccurately. Furthermore, one could also question how the re-
quirements have been classified as well as why exactly five system classes and 
five measure types have been defined. There is no easy answer to this other 
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than that these choices had to be made when the proposed method was devel-
oped and that they are highly influenced by practical issues.  

10.3 Future research 
Despite that performance measurement has been a very popular research topic 
during the last decades, there are still many issues in the field that have not yet 
been solved to a satisfactory degree. Considering the scope of this research, it 
is suggested that the following areas should be further explored.  

• The performance measurement progression map presented in this doc-
toral thesis has not yet been developed to the stage when measurement 
practitioners in industry can directly use it. At the time it provides im-
portant guidelines of how to evaluate and revise a PMS but it is still 
many details that should be further explained and specified.   

• The performance measurement progression map has also not been 
fully tested from an empirical point of view. It would therefore be 
beneficial to make further case studies in industry to assure its applica-
bility and improve its usefulness as well as studying its limitations. 

• In order to design a successful PMS it is vital that the key-factors in-
fluencing productivity and performance at the company are identified 
and considered. A minor attempt to specify common key-factors has 
been made in this research. However, this area is far from being fully 
explored. More detailed and useful tools for identifying such key-
factors should be developed.  

• How to effectively implement new performance measures into an or-
ganisation is a question with significant importance. This issue has not 
been considered in this research. However, without an effective im-
plementation there will be a high risk that the performance measures 
are neglected or used improperly. The process of implementation 
should be studied in order to formulate industrial guidelines that can be 
used in the proposed method.   

• In order to improve the usefulness of the proposed method some statis-
tical studies should be made, which show the nature of typical PMS 
used in the Swedish industry. With such information it will be easier to 
evaluate PMS and identify important variables, such as fulfilled system 
requirements and measure properties.   
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APPENDIX 1: COURSES 
A PhD student is obliged to attend courses related to the conducted research. In 
this case, ten courses (Table XVII) have been completed, which in turn have 
been of assistance in order to answer the research questions and meet the objec-
tives of this research. 

 

Course Admin Credits Finished 

Assembly systems 
Literature-seminars mainly on subjects related to assembly, 
productivity, improvement and manufacturing strategy.  

Production systems  
Lectures on various topics within the industrial production area 

Research methods 
Literature-seminars and lectures about science and scientific 
methods 

Performance measurement 
Literature-seminars concerning the ground theory in perform-
ance measurement 

Academic writing 
How to verbally and in text present scientific work   

Economics of assembly systems 
Theories on how to calculate costs and economically justify 
investments 

Trends and frontiers 
Case-studies on how state-of-art-technologies are applied in 
industry   

Design of productive assembly systems 
Literature-seminars on how to design assembly systems 

Scientific challenges in discrete manufacturing 
Literature-seminars about the state-of-the-art in the manufac-
turing area   

Process mapping  
An industrial course of how to make process maps 
 

KTH 
 
 

KTH 
 

Proper 
 
 

KTH 
 
 

Proper 
 

LiTH 
 
 

Proper 
 
 

LiTH 

 
Proper 
 
 

Logistema 

27 
 
 

7 
 

5 
 
 

5 
 
 

5 
 

3 
 
 

3 
 
 

2 

 
2 
 
 

1.5 

Σ 60.5 

2002-12 
 
 

2001-12 
 

2001-01 
 
 

2003-05 
 
 

2002-05 
 

2000-12 
 
 

2001-10 
 
 

2001-04 

 
2001-09 
 
 

2001-10 

 

Table XVII Completed courses during the research 
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APPENDIX 2: CASE STUDY 3 

In this appendix, some additional information about the case study conducted 
at Westinghouse Electric Sweden AB is provided (described in section 9.4).  

Manufacturing processes 
Figure 42 shows a schematic illustration of all the operations that are 
performed in the factory in order to produce a nuclear fuel assembly.   

System evaluation form 
Table XVIII is a completed system evaluation form, which describes to what 
degree the  different system requirements is fullfilled by Westinghouse’s PMS. 
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Figure 42 Complete process map (Westinghouse, 2004)
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 Requirement to be fulfilled by  
Westinghouse’s PMS 

Degree of 
fulfilment 

Comments 

General 

1 Provides accurate information 1 2 3 4 X 6 7 Depends on each measure 

2 Supports objectives 1 2 3 4 X 6 7 Not all main objectives supported 

3 Guards against sub-optimisation 1 2 X 4 5 6 7 No defined way to make priorities  

4 Limited number of measures 1 2 X 4 5 6 7 Too many measures 

Regarding used performance criteria  

5 Traditional criteria used 1 2 3 4 5 6 X  

6 Non-financial criteria used 1 2 3 4 5 X 7  

7 Causal relationships criteria used 1 2 3 X 5 6 7 Most important covered, but not 
all 

Regarding stakeholders 

8 Internal needs considered 1 2 3 4 5 X 7 In several ways 

9 External needs considered 1 2 3 4 X 6 7 Delivery and customer audit 

10 All stakeholder needs considered 1 2 3 X 5 6 7 Do not consider competitors at all 

Regarding hierarchical levels 

11 Top hierarchical levels covered 1 2 3 4 5 6 X 

12 Most hierarchical levels covered 1 2 3 4 5 6 X 

13 All hierarchical levels covered 1 2 X 4 5 6 7 

 

There are still much work to do on 
the lowest level (workgroup) 

Regarding time-horizon 

14 Short-term targets 1 2 3 4 5 X 7 

15 Long-term targets 1 2 X 4 5 6 7 

Most of the measures has a 
target, but is usually only linked to 
one time-horizon  

Regarding Information architecture 

16 Information easily accessible 1 2 3 4 5 6 X Visualised on info-boards 

17 Information to the right person 1 2 3 4 5 X 7 One board for each group/unit  

18 Advanced information architecture 1 X 3 4 5 6 7  

Other 

19 Processes for evolution 1 X 3 4 5 6 7 Not clearly defined  

Table XVIII Evaluation of Westinghouse’s PMS 
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