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ABSTRACT 
In Sweden, the national railroad system is owned and operated by the state which means that 
political and social considerations have to be taken in to account; e.g. safety and 
environmental impact as well as public demands for safe, reliable and cost-effective means of 
transportation.  The railroad is therefore strictly governed by regulations and government 
legislations; containing technical limitations and financial targets, many of these are in use as 
performance indicators.  In order to get a broader and better control of goal fulfilment, the 
Swedish National Rail Administration (Banverket) has introduced the balanced scorecard 
concept during the last year.  In order to meet stakeholders’ requirement, Banverket have 
modified the standard balanced scorecard.  This paper presents a case study identifying the 
use of performance indicators by Banverket.  We discuss the different types and forms of 
indicators used by Banverket.  An attempt is also made to analyze the impact of such 
indicators on the organisational goal and strategy through a link and effect model.  We also 
examine who owns these indicators, who uses them and for what purposes and whether these 
indicators conform to the recommended standards and prevalent regulations.  
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1. INTRODUCTION AND BACKGROUND 
Today there is no clear and unambiguous definition of performance indicators.  Allander’s 
(1997) definition of performance indicators concludes that performance indicators are 
measurements extended to a working environment.  They are classified in seven main 
categories in order to highlight different activities in the organisation, namely; efficiency, 
effectiveness, productivity, quality, quality of working life, innovation and finally budget and 
profit.  Wireman (1998) says that performance indicators are nothing else than just an 
indicator of performance.  If the performance indicators are properly chosen and utilized, they 
will highlight opportunities for improvement within the organisations.  In order to cover 
different aspects of the organisation, the indicators are arranged in a hierarchical structure 
similar to the organisational one.  Therefore, it is important that the different indicators within 
this structure are defined with a top-down perspective, at the same time the indicators are 
connected to the corporate long-term objectives.  At the top of the hierarchical indicator 
structure, financial indicators, efficiency and effectiveness indicators, tactical indicators, and 
functional indicators will follow corporate indicators respectively. Liyanage and Kumar 
(2002) define performance indicators as “a measure equipped with baselines and realistic 
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targets to facilitate prognostic and/or diagnostic processes and justify associated decisions and 
subsequent actions at appropriate levels in the organisation to crate value in the business 
process”.  The development and implementation process for the indicators are similar to the 
previous one; a top-down perspective must be used, which is also recommended by Andersen 
and Fagerhaug (2002) as well as Engelkemeyer and Voss (2000). 

  Broadly, performance indicators can be classified as leading or lagging indicators.  
According to Liyanage et al (2001) is a lead indicator “a performance driver; i.e. a measure 
which drives the performance of the outcome measure”.  The outcome measure is simply the 
lag indicator.  However, it is important to remember that an indicator, i.e. the measure, can act 
as both lead and lag indicators depending on in which situation the measure is used.  Think of 
a process with several sub processes inside, the performance drivers of each sub process will 
be the lead indicators for the sub process. The result, i.e. the outcome measure of every sub 
process, will be the lag indicators to the same sub processes.  These lag indicators will on the 
other hand be performance drivers to the main process, i.e. lead indicators to the main 
process.  Sooner or later, this aggregation of indicators has reached a level inside the 
organisation that it is possible to see that these indicators can be seen as performance drivers 
for the organisation or company overall objectives.  These performance drivers are normally 
called key performance indicators, which correspondence to the definition made by Liyanage 
et al (2001) saying that key performance indicators is “a performance indicator with a 
strategic significance, which is perceived as critical under given business circumstances and 
preferably selected from a pool of performance indicators”. 

Kaplan and Norton (1992) introduced the balanced scorecard concept in 1992.  The basic 
idea was to find a way of managing and measuring the company performance from a more 
holistic view, apart from financial performances.  The old traditional way of measuring a 
company’s performance, based on financial results alone, were found to be inadequate and 
inefficient, since all measures only reflect outcome results.  In practice, the company was 
managed by looking into the mirror.  The balanced scorecard concept introduced three more 
strategic perspectives in addition to the financial one, which were seen as critical to a 
company performance, reflecting not only the company’s financial history but also its present 
and future performance; namely customers’ perspective and internal business perspective 
reflecting the present performance, and finally learning and growth perspective reflecting 
what the company has to do to prepare them selves for the upcoming future i.e. innovations.  
The advantage of such a scorecard is that it is possible to manage and balance different 
activities within a company, even if the different activities can’t be directly measured into 
economical terms.  In order to develop and implement the scorecard into an existing company 
it will incorporate more than the top management, but to make sure that the overall objectives 
permeate all scorecard perspectives in the process, a top-down approach is necessary as well 
as the top management support.  If necessary, the balanced scorecard can be broken down, 
further down into the organisation.  According to Olve et al (1999) is the fundamental idea 
with the balanced scorecard that important values cannot always be related to financial 
measures.  The balanced scorecard model is therefore suitable for long term non-business 
activities where profit is not the main purpose.  This is especially the case for the public sector 
where long term public demands have to be taken into consideration e.g. public services as for 
example healthcare, education, environmental issues and transportation.  The use of the 
balanced scorecard concept also gives the opportunity to highlight what will happen in the 
long term with different financial assumptions, i.e. how to act in the long term.  

Another perspective is to study a so-called link-and-effect model.  For an example 
introducing any performance measurement system which is meant to fulfil the needs of 
operations and maintenance processes in a company or a business unit, it is important that it 
focuses on critical-strategic areas determined by the nature of the specific business, business 
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concerns and public requirements and regulations, see Liyanage and Selmer (1999).  The 
critical-strategic areas varies from business to business, but normally include areas as 
financial, health safety and environment, internal processes, plant technical status, 
competencies, and finally, internal and external relationships.  When developing the 
performance measurement system it is important that it supports overall objectives for the 
company or the business unit, signifying a top-down approach.  The direct link between 
overall objectives and the measures for operations and maintenance is in terms of return on 
investments (ROI) and health, safety and environment (HSE).  The main performance driver 
for ROI and HSE is the integrity of the plant.  The foundation for plant integrity is laid by 
adequate competencies, functional internal processes and good internal and external 
relationships.  Therefore, when deriving the different performance indicators for each critical-
strategic area to track the maintenance performance, it is also necessary to classify the degree 
of effect for every single indicator towards linked areas, i.e. create a logical cause-and-effect 
structure, to pinpoint those measures that are the key performance indicators.  The final output 
from this is a link-and-effect model, showing how the operations and maintenance processes 
contributes to overall objectives for the company or the business unit.  The same approach can 
be used to analyze an existing operations and maintenance performance measurement system. 

As described earlier, there are similarities between the development and implementation 
processes for the balanced scorecard, performance indicators and the link-and-effect model.  
A properly developed scorecard gives normally the necessary key performance indicators that 
a company needs, and reflects the performance of the company from a holistic view.  Using 
the link-and-effect model is suitable when it comes to the need of a measurement system for a 
more specific task, e.g. operations and maintenance processes, that’s needed to be tied and 
connected to the general performance measurement system of a company.  Examples of such 
companies are oil and gas industry, nuclear power plants, process industry and others where 
health, safety and environmental issues are significant for the society. 

The Swedish National Rail Administration (Banverket) is the authority responsible for rail 
traffic in Sweden.  Banverket follows and conducts development in the railway sector, 
assisting parliament and the government on the issues related to railway besides the operation 
and management of state track installations, co-ordinate the local, regional and inter-regional 
railway services, and provide support for research and development.  In order to achieve that, 
Banverket’s operations are divided into sectoral duties, track provision and production.  The 
responsibility for track provision is imposed on five different track regions with the support 
from the head office.  When it comes to maintenance, it is important to understand that none 
of the track regions do the maintenance by themselves, i.e. the maintenance is outsourced to 
different contractors.  The national railroad system is today a complex system used for freight 
and passenger transportation, where political and social considerations have to be taken in to 
account; e.g. safety and environmental impact as well as public demands of safe, reliable and 
cost-effective transportations.  The railroad is therefore strictly governed by regulations and 
government legislations; containing technical limitations and financial targets, many of these 
are used as performance indicators, see government appropriation letter (2002).  In order to 
get a broader and better control of goal fulfilment, Banverket has introduced the balanced 
scorecard concept during the last year.  In order to meet stakeholder requirement, Banverket 
have modified Kaplan and Norton’s balanced scorecard by splitting the learning and growth 
perspective into two different perspectives and renamed them to co-operator perspective and 
development perspective.  They have also renamed the financial perspective into commission 
perspective.  

This paper presents a case study with the objective to identify the use of maintenance 
performance indicators by Banverket.  We discuss the different types and forms of indicators 
used; who own them, who uses them and for what purpose et cetera.  An attempt is made to 
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analyze the impact of such indicators on the organisational goal and strategy through a link 
and effect model.  We also examine whether these indicators conform to the recommended 
standards and prevalent regulations. 

2. METHODOLOGY 
In order to make improvements in existing performance measurement processes supporting 
the decision making process for maintenance, it is necessary to study and map the 
requirements of the top management, i.e. the overall objectives for the business.  These 
objectives will highlight what’s important to focus on in the maintenance process.  It is also 
important to map and analyse actual outcome measures for the maintenance performance 
measurement system, in order to see whether outcome measures meet or can be linked to 
overall business objectives or not, i.e. compare the requirements from top management with 
what they get from the maintenance performance measurement system.  On the basis of this 
analysis, conclusions can be drawn. 

In this study, overall business objectives and sub-goals are identified through the 
government appropriation letter for Banverket, as well as through Banverket’s annual report.  
Both documents refer to year 2003.  They contain, in addition to the objectives, a number of 
predefined measures that are supposed to be tracked in order to support the government 
evaluation of goal fulfilment for Banverket.  These predefined measures, i.e. indicators, will 
in this study be analysed with the same approach used on Norwegian oil and gas industry to 
identify their maintenance performance indicators, as used by the Centre for maintenance and 
asset management at Stavanger University College.  See Ellingsen et al (1999) and Kumar 
and Ellingsen (2000) for details.  They conclude that maintenance performance indicators 
must relate to at least one of the sub-processes inside the maintenance process, namely; 
establishment of maintenance goals and strategies, establishment of maintenance program, 
planning, execution, and finally analysis and continuous improvement.  Further, interviews 
are done with regional operations planners at Banverket to identify the use of maintenance 
related performance indicators at regional levels, as well as to identify if there are regional 
deviations in which indicators are in use.  Identified maintenance performance indicators in 
use at Banverket, are then classified into lead or lag indicators, and examined whether they 
conform to the recommended standards and prevalent regulations.  Finally, the impact of 
identified indicators on overall objectives are analysed with a link-and-effect model, as well 
as an examination to what extent the balanced scorecard is used and how it influences the use 
of maintenance performance indicators.  

3. ANALYSIS OF PERFORMANCE INDICATORS AT BANVERKET  
According to the appropriation letter and the annual report for Banverket, the overall 
objective for Banverket is; “a transportation system for the general public and industry 
throughout Sweden that is both socio-economically efficient and sustainable in the long 
term”.  The overall objective is broken down into six first level sub-goals, specifying the level 
of ambition in the long term.  The six sub-goals are further broken down into seventeen 
different second level sub-goals, which are supported by almost 70 specified indicators.  As 
seen, the goals within these documents are hierarchically structured.   

When using the same approach, as was used for the Norwegian oil and gas industry, to 
identify maintenance performance indicators at Banverket 15 indicators can be identified as 
maintenance performance indicators.  They are distributed as follows, namely; two of them 
support the sub-goal “an accessible transport system”, 8 of them support “a high quality of 
transport”, 2 of them support “safe traffic” and finally three of them support “a sound 
environment”, see figure 1.  An enumeration of these indicators is done in table 1. 
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Figure 1. Banverket’s overall objective and six sub-goals. 
 
From the interviews with the regional operations planners, it can be established that all 

regions uses the maintenance performance indicators attached to the sub-goal “a high level of 
transport quality”.  These indicators are further broken down to reflect the same outcome 
measure but for the single type of components for the track system or broken down to reflect 
individual lines.  The other three sub-goals and their accompanying maintenance performance 
indicators have not been used to support the maintenance process at a regional level.  
However, since Banverket have decided to implement the use of balanced scorecard, there are 
indications that some of these indicators are also now set on focus, and will be highlighted in 
those regions that have started to implement and use Kaplan and Norton’s balanced scorecard 
in a modified version.   
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Table 1. Identified maintenance performance indicators within the hierarchical goal structure 
at Banverket.  
First level sub-
goals 

Second level sub-
goals 

Maintenance performance indicators Relationship to BSC 
perspectives 

An accessible 
transport system 

Improve the use of 
state infrastructure 

 Capacity utilization 
 Capacity restrictions 

 Customers 
 Customers 

A high quality of 
transport 

Decreased train delays  Train delays due to 
infrastructure 

 Processes 

 Decreased freight 
traffic disruptions 

 Hours of freight train delays 
due to infrastructure 

 Number of delayed freight 
trains due to infrastructure  

 Processes  
 

 Processes 

 Increased rail network 
maintenance 
efficiency 

 Number of train disruptions 
due to infrastructure 

 Q-factor (Degree of track 
standard) 

 Markdowns in current 
standard 

 Maintenance cost per track-
kilometer 

 Traffic volume 

 Processes 
  

 Processes  
 

 Processes  
 

 Processes 
 
Financial 

Safe traffic Reduced number of 
killed and injured 
persons 

 Number of accidents involving 
railway vehicles 

 Number of accidents at level 
crossings 

 Customers 
 

 Customers 

A sound 
environment 

Reduced energy 
consumption 

 Energy consumption per area  Financial 

 Effective natural 
resource consumption 

 Use of environmental 
hazardous material 

 Use of non-renewable 
materials 

 Innovation 
 

 Innovation 

 
The interviews also shown that there are two more commonly used indicators that can be 

identified as maintenance performance indicators, namely; total number of functional 
disruptions and total number of urgent inspection remarks.  Those indicators, i.e. measures, 
have also been broken down in the same manner as the previous ones, and are used on both 
regional levels as well as reported to and used on a national one.   

The result of this study shows that, in total, 17 maintenance performance indicators are 
identified at Banverket.  Out of these, 15 are identified by studying the appropriation letter 
and the annual report for Banverket, while only 10 indicators are identified through the 
interviews with the regional operations planners; eight of them matching the documents and 
two additional ones.  The eight matching maintenance performance indicators identified both 
through the documents and through the interviews, are supporting the sub-goal “a high level 
of transport quality” and reflecting the performance of the maintenance process in terms of 
costs, delays and track integrity.  The same holds for the two additional indicators identified 
through the interviews.   

4. DISCUSSION 
In this study, the use of maintenance related performance indicators at Banverket is carried 
out.  Since they are the responsible authority for the entire Swedish railway sector, they also 
are responsible for track provisions.  Though maintenance is a part of track provision, the 
management has decided not to do the track maintenance by them selves and subsequently 
maintenance is outsourced to different contractors.  Banverket is providing the necessary 
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documents and specifications for the maintenance performance detailing objectives and 
strategies for infrastructure maintenance along with necessary resources. 

A comparison with the link-and-effect model with the purpose to link the identified 
indicators through the interviews and the matching ones from the documents to different 
critical-strategic areas, gives that ROI, plant integrity and internal processes is covered.  In 
order to analyse and find out what type of component for the track system that creates 
problems, or which line having the largest problem, these maintenance performance 
indicators are broken down to reflect these questions.  

The seven remaining maintenance performance indicators found in the documents where 
identified by using the link-and-effect model, and reflects how the maintenance process can 
contribute to the overall objectives in term of health, safety and environment (HSE), as well 
as the degree of capacity utilisation of the track which can be linked to ROI.  Why these 
indicators where not identified to be in use at a regional level, through the interviews, are not 
deeply analysed in this study.  However, during the interviews it was stated that maintenance 
is done in order to keep the track in a safe mode, i.e. proper maintenance gives safe tracks.  
Since it is also compulsory for the track regions to report even these indicators, it can be 
assumed that they also are evaluated even at a regional level, but not necessary mentally 
linked to maintenance. 

During the interviews two major problem areas came up for discussion.  The first one 
reflected the problems of knowing the actual use of the tracks in terms of gross tonnage and 
numbers of passengers.  The second one reflected upon the fact that the economical account 
system doesn’t have the ability to show the costs for specific maintenance tasks or show the 
costs related to a specific type of components. 

Liyanage et al (2000) discuss the importance of defining the degree of ownership and 
responsibilities to control a specific indicator, saying that the ownership and responsibilities 
to control an indicator only can be laid on those who have the ability to influence it.  Since the 
track regions are responsible for the track provision, including maintenance even if it is 
outsourced, they are both the owners and also have the responsibility to control the different 
maintenance performance indicators.  It can also be stated that they confirm to prevalent 
regulations, since it’s mandatory to report them. 

In those track regions where the balanced scorecard is introduced, a broader maintenance 
perspective has emerged.  This is especially the case for the northern track region, where also 
the HSE issues are taken into account as well as the degree of track utilisation, visible in the 
balanced scorecard’s internal process perspective.  In the scorecard’s customer perspective 
exist a measure that can be linked to the link-and-effect model’s critical-strategic area named 
relationships, as well as the scorecard’s co-operators perspective can be linked to the critical-
strategic area named competences.  A summary of the balanced scorecard in use at the 
northern track region, gives that the scorecard reflects all the critical-strategic areas in the 
link-and-effect model.  Though, it is important to remember that the scorecard doesn’t reflect 
the executive parts of the track maintenance process, it’s only reflecting the outcomes of it. 

5. CONCLUDING REMARKS 
In order to identify necessary maintenance performance indicators (MPI), or as in this case 
study, analyse which performance indicators in a pool of indicators that can be classified as 
MPI, there exist methods that can be used.  In this case study a link-and-effect model is used, 
implying that several critical-strategic areas must be supported by a number of performance 
indicators in order to cover the whole spectra of both the performance and outcomes from the 
maintenance process, as well as that maintenance can contribute to fulfilment of business 
overall objectives in terms of return on investments (ROI) and health, safety and environment 
(HSE).  The other critical-strategic areas in the model are technical integrity, processes, 
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competencies and relationships.  There are also done interviews at all track regions at 
Banverket to identify the use of common MPI. 

To summarise the findings in this case study, there are 15 MPI identified in the 
appropriation letter and the annual report for Banverket.  They are linked to the critical-
strategic areas ROI, technical integrity and processes.  The MPI are reflecting four out of six 
sub-goals for Banverket.  Through the interviews 10 MPI can be identified, where eight of 
them match the MPI identified through the documents.  The matching MPI all reflects the 
sub-goal “a high level of transport quality”.  Therefore, the common maintenance related 
performance indicators in use at regional and central level in Banverket, can be identified to 
the number of ten MPI reflecting outcome measures for the maintenance process, i.e. lag 
indicators supporting the sub-goal “a high level of transport quality” plus two more indicators, 
namely;   

 Train delays due to infrastructure  
 Hours of freight train delays due to infrastructure  
 Number of delayed freight trains due to infrastructure  
 Number of train disruptions due to infrastructure 
 Q-factor (Degree of track standard) 
 Markdowns in current standard 
 Maintenance cost per track-kilometer 
 Traffic volume 
 Total number of functional disruptions 
 Total number of urgent inspection remarks.   

Today some of Banverket’s track regions have introduced and started to implement the use 
of Kaplan and Norton’s balanced scorecard in a modified version, where especially the 
northern track region’s balanced scorecard must be highlighted, since it contains and reflect 
different aspects of the maintenance process and its contribution to overall objectives.  A 
comparison with the link-and-effect model, gives that it is possible to link all the performance 
indicators in the scorecard to a corresponding critical-strategic area in a way that all critical-
strategic areas are covered. 
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