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Abstract

This paper focuses on how railway companies could develop their performance measurement system to improve train punctuality and reliability. Best practice from the performance measurement literature is compared with practises in the railway industry. Most of the indicators used to control and improve punctuality and reliability today are lagging indicators that measure results. It is therefore a need to develop more leading indicators that measure the processes that influence punctuality and reliability. The measurement system should be extended to measure effects of punctuality and regularity and to measure management processes that increases the focus on punctuality and reliability.
Introduction
Performance measurement (PM) is used in some or another way in every business and industry but the form and extent of the measurement systems varies. During the last decades there has been a change from manual to computerized and automatic collection of data, which has resulted in good access to data in most companies. The challenge is therefore now more related to how to put together and aggregate data, how to present them and how to interpret and use them correctly (Andersen and Fagerhaug, 2002). 

In the railway industry, operational data is collected to gain control and to be used in the improvement work. In most countries, punctuality and reliability are seen as important measures of the operations’ performance. These indicators are also two of the most important quality factors for railway customers (NEA, 2003).  
This paper focuses on how railway companies could develop their performance measurement system (PMS) to improve train punctuality and reliability. It starts with a review of performance measurement literature where best practice is identified. The next section describes how performance measurement, related to punctuality and reliability, is used in the railway industry. In the last section, best practice from the performance measurement literature is compared with the practises in the railway industry. Suggestions are then made on how the railway industry could develop their performance measurement systems to improve punctuality and reliability.

Performance measurement
Performance and performance measurement are concepts developed from the terms productivity and productivity measurement. It was first used in the manufacturing industry to measure the relationship between input and output. Today, more sophisticated methods and systems have been developed and performance measurement is more and more used as a tool in the improvement work in all sorts of businesses (Andersen and Fagerhaug, 2002). Although performance measurement has developed it is still being criticised from many holds. Kaplan and Norton (1996) say that the measurement system for businesses historically has been financial, and for many companies it still is. Another challenge is that it is often difficult to see results of improved quality in the companies’ measurement system (Kaplan, 1990).
Even though Neely et al. (1995) say that “Performance measurement is a topic often discussed but rarely defined”, there are several different definitions of performance measurement. One reason for this can be that the purpose and use of performance measurement varies. Bourne et al. (2003) claim that if the definition is too precise it doesn’t convey what is now being labelled in the literature and in practise as “performance measurement”. They therefore use the less precise definition: “performance measurement is the use of a multi-dimensional set of performance measures for the planning and management of businesses”.

There are also many different terms that are related to performance measurement and performance measures. Examples could be productivity measurement, performance indicators, performance parameters and success factors. Andersen and Fagerhaug (2002) use performance measures for performance measurement in general, and refer to performance indicators as more specific measurements.   

Intention and purpose of Performance Measurement
The basic purpose of performance measurement is to provide feedback from the work that is performed. This feedback is important in order to control the systems, processes and activities that are measured, but even more important to be used as a tool in the improvement work. Fagerhaug (1999) says that “you cannot manage what you cannot measure, what gets measured gets done, and measurements influence behaviour”. Kaplan and Norton (1996) say that companies must use measurement systems if they want to survive and prosper in the information age competition. Lynch and Cross (1991) state: “The purpose of performance measurement is then to motivate behaviour leading to continuous improvement of customer satisfaction, flexibility and productivity”. Bredrup (1995) lists a number of specific purposes for performance measurement and concludes that a common denominator is improvement.
Andersen and Fagerhaug (2002) say that performance measurement is necessary for decision making and they suggest that the PMS should become the instrument panel or cockpit for this purpose. In addition they point at several other reasons why companies should measure performance: as an early warning system, to alter behaviour, to implement strategy and policy, to monitor trends, to prioritize improvements, to evaluate improvement projects, as a marketing tool, as an input to bonus and incentive systems, as a basis for benchmarking and to increase motivation. Bititci et al. (2004) provide evidence that consistent use of performance measurement alter management behaviours and organisational culture.
Another important purpose of performance measurement is to facilitate communication. Communication with all involved parts (customers, employees, managers, shareholders etc.) is necessary to obtain quality improvements, and a PMS should therefore support communication with both internal and external stakeholders (Bititci et al., 1997). 
Design of Performance Measurement Systems
There exist several different models and frameworks for performance measurement system. Most of these are two dimensional focusing on efficiency and effectiveness (Bredrup, 1996). One of the first approaches was published by Sink and Tuttle. Their model shows that the performance of an organisational system is a complex interrelationship between the seven criteria’s: effectiveness, efficiency, quality, productivity, quality of work life, innovation and profitability (Fagerhaug, 1999). 

Lynch and Cross (1991) base their model on a profitability perspective. They distinguish between two main dimensions of performance: market and financial performance. Bredrup (1995) claims that these two dimensions correlate to effectiveness and efficiency. Other elements in Lynch and Cross’s model are customers’ satisfaction, flexibility and productivity. The TOPP
 program use a three dimensional model to describe performance. The dimensions are effectiveness, efficiency and changeability (Fagerhaug, 1999, Bredrup, 1995). It could be argued that changeability is similar to flexibility and to innovation at some extent. 

The most famous framework is probably the balanced scorecard (BSC) developed by Kaplan and Norton (1996). The BSC is a framework for integrating measures derived from strategy. The intention with the scorecard is to develop a balanced set of measures. It is based on the thought that the drivers for future financial performance are customers’ satisfaction, internal processes and learning and growth in the organisation. The authors claim that a good balanced scorecard should have an appropriate mix of outcome measures (lagging indicators) and performance drivers (leading indicators) (Kaplan and Norton, 1996). 

Researchers at Cranfield University have developed a performance measurement and management framework called the “Performance Prism”, which they claim addresses all of an organisation’s stakeholders. The prism consists of five facets that should be considered when developing performance measures: stakeholder satisfaction, strategies, processes, capabilities and stakeholder contribution (Kennerley and Neely, 2000).

To design a PMS you first have to decide what the system should be based on. Kaplan and Norton (1996) say this should be the vision and strategy of the organisation, which is supported by Lynch and Cross (1991). Andersen and Fagerhaug (2002) and Bititci et al. (1997 and 2000) argue that the PMS also should be based on the stakeholders’ needs. All the authors listed emphasise that it is important to improve, and thereby measure, the processes to achieve good results. To ensure the validity of the PMS used, it should be regularly reviewed and updated. This means that targets, measures and sets of measures are regularly reviewed to ensure that they remain valid (Bititci and Nudurupati, 2002a).
Development of indicators
In order to develop performance indicators there are many aspects that have to be considered. A fundamental rule is that the set of measures should be balanced and multi dimensional. Kaplan and Norton (1996) state that the measures should view organisational performance from four perspectives: financial and customer (external measures), and internal business processes and learning and growth (internal measures). The logic is a chain with cause and effect relationships, where you find the financial perspective on the top and the learning and growth perspective at the bottom. All the measures are therefore linked together. The authors claim that if you do not work with the learning and growth perspective you will not improve your internal processes, which will lead to unsatisfied customers that at the end will results in lower financial performance. Andersen and Fagerhaug (2002) list some typical types of performance measures:  “hard” vs. “soft”, financial vs. non-financial, result vs. process, result vs. diagnostic vs. competence, efficiency vs. effectiveness vs. changeability in addition to cost, time, quality and flexibility.

Regardless which indicators an organisation decide to implement, it is important that the data and the analyses used are sufficient accurate. If they are not, it can result in wrong decisions. In addition, accuracy is necessary if the people in the organisation should rely on the system, which is a premise for the system to work by purpose
. It is therefore important that there is a consistent and assured process to ensure the integrity of the data collection, analysis and communication of information to decision makers (Nudurupati, 2004).
PMS and the total management system  

It is obvious that a company will not succeed only by developing a “perfect” measurement system. The PMS is just one part of the total management system, which consist of several other important factors. According to Andersen and Fagerhaug (2002), a general management system can be seen as a system with three different modes or levels: strategic planning, day-to-day management and improvement. Performance measurement is only one of the tools that could be used to manage these modes. Other tools could be: Organisational self-assessment, benchmarking, BPR, supply chain management and TQM. The challenge is to combine these tools in a best possible way to improve the business processes. 
There should also be a consistency between measurement and other systems like planning, budgeting, appraisal, reward and risk management. Bititci et al (1997) identifies performance measurement as a management information system which facilitates the performance management process. They argue that performance management should be seen as a key business process which is facilitated by the measurement system to efficiently and effectively manage the performance of the business. This includes what managers do with the measures, how they use them, how they interpret them and what decisions they make and implement.
Bititci et al. (2002b) state that the value of an organisation is created through the operational processes, but it is the capability and the competence of the management processes that determine how well that value is sustained. They say that the challenge is, in addition to develop a better understanding of the management process, to define a system for performance indicators that assess the capability of this process. In an attempt to define the management processes they point at five important areas: set directions, monitor external environment, manage strategy, manage change and manage performance.

Conclusion – best practice of performance measurement 
Based on the literature review, we propose the following (Table 1) as best practice of performance measurement to be used when analysing PM in the railway industry.
	Category
	Best practice

	Intention and purpose
	The PMS should support control of the systems and processes and work as a tool in the improvement work.  It should support communication with internal and external stakeholders and motivate and alter behaviour. 

	Design of PMS 
	The PMS should measure both efficiency and effectiveness, be connected to the organisations strategy and the stakeholders needs and expectations. The PMS should be balanced and regularly reviewed and updated.

	Development of indicators
	The PMS should have a multi-dimensional set of measures and include an appropriate mix of outcome measures (lagging indicators) and performance drivers (leading indicators). The data and the analyses used should be sufficient accurate. 

	PMS as part of the management system
	The PMS is just one part of the total management system. There should be a consistency between the PMS and other systems.


Table 1: Proposed best practise of performance measurement
Measurement of punctuality and reliability in the railway industry
This section describes how performance measurement, related to punctuality and reliability, is carried out and used in the railway industry. It is based on case studies in different railway companies in Norway, Scotland and Sweden, which have included interviews and discussions with key persons and analyses of relevant documentation. In addition literature covering punctuality and reliability along with findings from other studies are discussed.
Railway reliability: punctuality and regularity

Reliability of railway operations is often expressed through measurement of punctuality and regularity
. Rudnicki (1997) defines punctuality as “that a predefined vehicle arrives, departs or passes a predefined point at a predefined time”, and regularity as “a successive vehicle of a public transport line, depart or pass at a predefined point with the predefined time intervals”. This means that punctuality is related to deviation between the actual and predefined departure or arrival time for a train, while regularity is a measurement of how many departures or arrivals that actually took place, compared to the predefined schedule (Olsson and Haugland, 2004).

Punctuality and regularity are two of the most important quality factors for railway customers, and improvement of punctuality and regularity are part of the strategy for all the examined companies. NEA (2003) claims that punctuality is considered as the number one factor determining railway service quality, in most countries. Rudnicki (1997) state that improvement of punctuality and regularity is the main task in improvement programs of public transport system, due to that both are measures of unreliability and therefore “take very high place in opinions of passengers”. Bates et al. (2001) have investigated rail passengers’ valuation of punctuality. They conclude that punctuality and reliability is behaviourally important affecting both their perceptions and level of use of different modes. 
Several countries have a railway performance regime based on measurement of punctuality and regularity. Scotland has a system where the operators pay a fine if the punctuality and regularity falls under a predefined level, or they receive a bonus if they perform better than this level. Both the Swedish and Norwegian governments have considered introducing a similar system, but have still not done so.       
Measurement of punctuality and regularity

Punctuality is normally measured as the percentage of trains that arrive on time at their final destinations. Trains are defined as not-punctual if they are delayed more than a predefined time limit. The size of the time limit varies typically between 1-30 minutes and depends on the type of the trains (e.g. local trains, Inter City trains and freight trains). The European countries have different definitions of the time limits which makes it difficult to compare punctuality figures between countries, and carry out international benchmarking studies of punctuality (NEA, 2003). Regularity is normally measured as the percentage of trains that actually run, also measured at the final destination. 
In most countries figures for punctuality for different lines and classes of trains are calculated and published. In Scotland, the operators also calculate a Public Performance Measure (PPM) that combines figures for punctuality and regularity into a single performance measure. “Delay minutes” is another indicator related to punctuality. This is simply how many minutes trains are delayed.
In addition to measurement of delays and cancellations (punctuality and regularity), the delays’ causes are manually registered by a set of codes. Scotland, Norway and Sweden apply different sets of codes. In Scotland, the quality of these registrations is claimed to be relative good and also trusted by the people in the railway organisations. In Norway and Sweden it seems to be more disagreement about how accurate the registrations are. However, it should be mentioned that our study indicates that more effort is spend ensuring reliable registrations in Scotland, compared to Norway and Sweden. One explanation for this is probably that the data is used in the performance regime which means incorrect data will lead to incorrect fines and bonuses. 
Measurement used in the improvement work
The railway industry has traditionally used percentage of punctual trains to monitor trends and measure results from improvement work. Because these data are heavily aggregated and normally only capture delays at the final destination (in some cases also at the first station), it has been difficult to track the effect of specific improvement measures. Veiseth (2002) has examined eleven different improvement-projects carried out over a period of 15 years, related to railway punctuality in Norway. He concludes that an evaluation of the effects of the different improvement measures is missing. 

Another aspect is that punctuality at the final destination does not always “tell the full story”, because the under-way punctuality is not necessary equal the punctuality at the end point. SINTEF
 and Jernbaneverket,
 in 2003, carried out a study of the punctuality of four long distance lines in Norway (Veiseth et al., 2003). The study showed that the punctuality over the lines often is shaped as a “bath tub”. An example of this can be seen in Figure 1.
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Figure 1: Punctuality profile, for 5 and 10 minutes time limit, 
for the Oslo–Bergen line, Norway. Data from week 6-9, 2003. 
Figure 1 shows that the punctuality, (for the 5 minutes time limit) lies between 80 and 90 % at the final destination, but are below 60% at other stations. The Oslo-Bergen line is mostly a single track line, which means that delays of one train often will cause delays to other trains, due to crossings. A large part of the Norwegian and Swedish railway systems consists of single track lines.

Skagestad (2003) discusses performance indicators used in the improvement of punctuality in the Norwegian railways. She claims there is a need for different “levels” of punctuality information and indicators, because the need of information varies between the different users. She points at three different groups with different needs: Customers and others who only need a rough overview of the punctuality, and decisionmakers and improvement teams who both need more detailed information about the punctuality and what causes the delays than the indicators used today can provide.  

Due to the limitations in the use of the percentage punctuality measure, there has been a development the last years towards more focus on delay minutes and under-way punctuality. For one of the examined Scottish railway companies, delay minutes are now the main internal performance indicator. They attribute all the delay minutes they have caused to themselves or to other railway companies, to the departments and managers of the company that is responsible for the delay. They also forecast the number of delay minutes for the next period and develop budgets for delay minutes. A similar system, to that extent, has not been found in Sweden and Norway, although methods focusing on delay minutes and under-way punctuality have been developed to analyse “problem trains” (e.g. PULS in Sweden). 

Discussion: development of the current railway measurement system based on best practice of performance measurement 

Measurement of punctuality and regularity are indicators developed from the stakeholders’ needs and from the companies’ strategies, which correspond to best practices identified in the performance measurement literature. Percentage punctuality and regularity seem to be good indicators when it comes to communicate with external stakeholders (e.g. rail passengers). They are easy to understand and compare between different lines and operators, although they are difficult to use in international benchmarking. 
On the other hand, percentage punctually and regularity do not seem so good for the improvement work, to monitor trends and to control the operation. This is because they are too aggregated and only measured at the final destination which makes it difficult to track the effect from specific improvement measures. Delay minutes combined with registration of “delay-causes” seems to be a better indicator for this purpose, and we think that the railway industry in Norway and Sweden can learn from how delay minutes are used in Scotland. There is also a need to focus more on under-way punctuality, especially for single track lines.
Development of the measurement system
Most of the indicators used to control and improve punctuality and reliability today can be characterized as lagging indicators that measure results. According to best practice of PM, it is therefore a need to develop more leading indicators that measure the processes. These indicators should be developed from a chain of cause and effect relationships, linked to the indicators they are using today. But to do this it is necessary to obtain more knowledge about factors and processes that influence punctuality and regularity. Some people will claim that we already know this, but when you ask e.g. railway planners about how they influence the punctuality through their plans, you get different answers and they often find it difficult to explain.
There is also a need to make the measurement system more balanced. One way to do this is to extend the measurement system to include measurement of effects of punctuality and regularity. It can be argued that it is not the delay itself that is important, but how many people that become affected by the delay. One suggestion could therefore be to measure the “damage of the delays”. This can be done by developing indicators that combine data for delay minutes and data for number of travellers.

Several examples prove that management, attitude and focus are important elements that affect rail reliability. An example is about a “problem train” that was delayed nearly every day. The operator decided then to carry out an improvement project to investigate the causes of the delays. Even before the project team had started to work, the statistic showed a significant improvement of the punctuality. This means that just by focusing on the problem, and inform the organisation about it, it is possible to gain improvements, i.e. the “Hawthorne effect”
. Measurement of management processes that increases the focus on punctuality and regularity should therefore also be included in the measurement system.   
Best practice of PM state that reliable data is necessary if the data should be trusted by the people, which again is a premise if the PMS should support internal communication, motivation of employees and alter behaviour. It is therefore a need to improve the accuracy of the delay registrations, especially in Norway and Sweden. One way to achieve this could be to make the registration-system more transparent, to motivate and train the people that record and register the information, and to develop indicators that measure the quality of these data. 

Railway companies often divide their improvement work into different focus areas. Typical areas are: safety, performance (punctuality and reliability), profitability and quality of service. For the examined companies, there is a sort of measurement system within each of their focus areas, but the systems are not explicit linked to each other. If they link the systems it should be possible to achieve more consistency between measurement of punctuality and regularity and other management systems and the systems will probably appear as more balanced leading to better performance management practices.
Conclusion 
In this paper, performance measurement and management practices in the railway industry, in several European countries, has been critically examined in the context of the general literature on performance measurement. Most of the indicators used to control and improve punctuality and reliability can be characterized as lagging indicators that measure results. There is, therefore, a need to develop more leading indicators that measure the factors and processes that influence punctuality and regularity. The measurement system should be extended to include measurement of effects of punctuality and regularity and of management processes that increases the focus on punctuality and regularity. Railway companies should try to link measurement of rail reliability with other performance measures in the companies. With these suggested extensions, the measurement system will become more balanced and complete.
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� In Scotland the term reliability is used instead of regularity


� The Norwegian National Rail Administration





�What is TOPP we need a foot note here to explain


�I am not sure what work by purpose means???


�Also need to explain what SINTEF is/means… another foot note please


�I am not sure of your logic in this sentence… you say that there are 3 groups… but you only list 2…





Customers and others


2decision makers and improvement teams





where is the third group?


�What is PLUS??.. another foot note


�We need a reference here


�I think we need to restructure and extend the conclusions a little bit to reflect the four items listed in table 1… i.e.





What is the intention and purpose of the dominant PM practices in the railway industries





How is PMS designed





How are indicators developed





Is the PMS part of an total management system





You may also consider restructuring the discussions to reflect these four points… as it is it is not far away from this anyway but if we use four  subheadings (purpose, design, development and total management system)  then I thing we will have much more clarity.
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