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Abstract 
 

The phenomenon of digitization is transforming industries worldwide by introducing new value- 
producing opportunities. In the railway industry, market liberalization has resulted in increased 
competition. To remain profitable in this new market environment, rail operators need to 
transform and acquire new digital capabilities and tools. By digitizing information-intensive 
processes with an information system, railway companies can reduce loss of operation time and 
reduce total maintenance costs. At the same time, the limited research exploring information 
systems in maintenance management has made it challenging for companies wanting to digitize. 
Significant attention has been devoted to the separate topics, however research overlapping the 
two areas of study has been inadequate. The thesis aims to contribute with knowledge to bridge 
this gap in literature by investigating the opportunities a maintenance organization potentially 
can capture with an information system and the success factors needed to succeed.  
 
By conducting the thesis in collaboration with the Swedish railway maintenance company MTR 
Tech AB the potential uses of an information system have been identified and assessed. Findings 
indicate that there are three main business opportunities to obtain from an information system: 
support of the troubleshooting process, better planning of reactive maintenance and enabling 
the performance of condition-based maintenance. At the same time, the profitability of an 
information system was found to be directly linked to its degree of utilization. Our findings have 
therefore allowed us to conclude that the business opportunity to pursue is the one that is most 
likely to be carried out fully and successfully in the prevailing circumstances. Lastly, the findings 
conclude that the success factors needed to capture the desired business opportunities are a 
dedicated project group, clear communication and information sharing, as well as adequate 
personnel. 

Keywords: Maintenance management, maintenance organization, information systems, railway, 
MTR Tech, MTR, condition-based maintenance, CBM, predictive maintenance  
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Sammanfattning 
 

Digitalisering har påverkat och transformerat företag över hela världen genom att erbjuda nya 
värdeproducerande möjligheter. För att bibehålla konkurrenskraft i en föränderlig omvärld 
måste järnvägsoperatörer transformera sina företag och förvärva nya digitala lösningar och 
verktyg kopplade till järnvägsteknologier. Genom att digitalisera informationsintensiva 
processer med hjälp av informationssystem, blir det möjligt för järnvägsföretag att minska 
förlust av drifttid samt minska den totala underhållskostnaden. Samtidigt har den begränsade 
forskningen gällande användning av informationssystem i underhållsorganisationer försvårat 
digitaliseringsförsöken. Litteratur och tidigare studier har behandlat de två ämnena separat, 
dock har överlappande forskning varit otillräcklig. Denna studie syftar till att bidra med kunskap 
för att överbrygga gapet i litteraturen genom att undersöka de vinningar en 
underhållsorganisation kan erhålla med hjälp av ett informationssystem och de 
framgångsfaktorer som krävs för att uppnå dem.  

Genom att utföra denna studie i samarbete med det svenska underhållsbolaget MTR Tech AB 
har de potentiella användningsområdena av ett informationssystem identifierats. De tre 
huvudsakliga affärsmöjligheterna som kan erhållas från ett informationssystem är: stödjande av 
felsökningsprocessen, bättre planering av avhjälpande underhåll, samt möjliggörandet av 
tillståndsbaserat underhåll. Samtidigt har det visat sig att lönsamheten av ett 
informationssystem är direkt kopplat till dess utnyttjandegrad. Vi har således dragit slutsatsen 
att den affärsmöjlighet som bör eftersträvas är den som med största sannolikhet kommer att 
genomföras framgångsrikt under rådande omständigheter. Slutligen visar våra resultat att de 
framgångsfaktorer som krävs för att uppnå affärsmöjligheterna är en dedikerad projektgrupp, 
tydlig kommunikation och informationsdelning, samt lämplig personal. 

Nyckelord: Underhållsorganisation, underhållsbolag, informationssystem, järnväg, MTR Tech, 
MTR, tillståndsbaserat underhåll, avhjälpande underhåll, prediktivt underhåll   
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1. INTRODUCTION

1 Introduction
This chapter introduces the topics related to information systems and maintenance

management from a global perspective. The problem that is to be studied is formulated together

with the purpose of the thesis along with the research questions that will be answered. The

chapter proceeds with a discussion on the thesis’ delimitations and scientific contribution to

finally be terminated by outlining the disposition of the thesis.

1.1 Background
The global move towards digitalization is transforming economies and industries by radically

changing business models and introducing new revenue and value-producing opportunities.

The hype surrounding digital transformations has in turn put information technology and

information systems in a much more visible position in business and society than before

(Legner et al., 2017). With the use of information technologies and information systems data

can be collected, stored, processed, and turned into information. This information can be

distributed and utilized throughout the organization to support di↵erent functions and in turn

transformed into organizational knowledge (Bourgeois, 2014).

Information systems are also gaining more importance following the continuing expansion of

globalization, allowing employees and customers in di↵erent geographical locations to be

reached and integrated. Today, information technology and information systems are recognized

as complements and/or enrichers of existing products and services or as building blocks of

entirely new business models (Legner et al., 2017). The rapid growth of computing power and

storage capacity, in combination with advanced software technologies, has further enabled

many technological innovations including Internet of Things, IoT, and Big Data analytics. By

utilizing these technologies and embedding software and hardware into physical entities a

network can be created where large quantity of data can be collected with the aim to generate

business value. Building on these IoT and Big Data innovations, information technology and

information system has thus become part of almost every product and service in companies’

e↵ort to make digital transformations possible (Legner et al., 2017).

Another business mega trend that is profoundly a↵ecting all aspects of society today is

sustainability. Simply put, sustainability is about creating long-term value by fulfilling the

triple bottom line, also known as the three pillars of sustainability, consisting of economical,

social and environmental sustainability (Bhattacharya, 2018). However, in order to have the

monetary resources needed to invest in social and environmental matters companies need to

have profit. Sustainability is thus defined by how well a company balances these three P’s:

1



1. INTRODUCTION

people, profit and planet (Bhattacharya, 2018). Companies are attempting to incorporate

sustainability in all their processes and e↵orts in order to maintain or increase their

competitive advantage or even survival (Bhattacharya, 2018). However, it does not matter how

sustainable the design or construction of an asset is if it is not operated and maintained

properly. The core ideologies of sustainability and maintenance are thus directly linked. By

establishing maintenance programs, costs can be significantly reduced. Further, properly

maintained assets also reduce waste and environmental impact as well as dramatically increase

safety conditions. Sustainable asset management can be achieved and made profitable by

incorporating technology innovations in maintenance management (Wilson, 2015). Most

common is the use of computerized condition monitoring of components with IoT technology.

Information systems are then used to process, store and communicate the required data

generated to the relevant parties in the organization (Iung and Levrat, 2014).

The industries that have the most to gain by investing in computerized condition monitoring

and information systems to better maintain their assets are organizations that heavily rely on

equipment to run their business (Wilson, 2015). The railway industry is an example of the

above mentioned. Market liberalization has resulted in increased competition. Thus, making

maintenance improvements necessary in order to reduce maintenance expenditures while

ensuring service level and safety of the operation (Macchi et al., 2012). To compete in this new

setting, rail operators need to transform and acquire new digital capabilities and tools related

to railway technology.

One actor that has acknowledged the benefits of digitalization is MTR Tech AB. MTR Tech

AB is the second largest maintenance company in Sweden and is responsible for the operation

of the metro depots and the management, development and maintenance of the metro cars

owned by Trafikförvaltningen, TF. In an attempt to modernize the red metro line TF has

initiated the project Röda Linjens Uppgradering, RLU, where new metro cars will be put in

tra�c that will be able to detect and collect diagnostic data as well as data from the physical

environment. This data will be communicated in real time to an information system, ORBITA

Fleet Monitor, OFM, and accessed in the metro depots while the car is still in tra�c.

Successful utilization of the information system will enable more precise maintenance intervals

and fewer vehicles being taken out of service. The results that can be expected are decreased

maintenance costs, higher reliability and security and thus increased competitive advantage.

2



1. INTRODUCTION

1.2 Problem Formulation
The challenge that MTR Tech AB is facing is the lack of any strategic plans regarding the

operation and utilization of the collected data. Maintenance management relies much on

conventional maintenance practices and has for a long time lagged behind other areas of

industrial management regarding the use of formal techniques and/or information technology

(Haroun and Du↵uaa, 2009). The same can be said about the railway industry, where it is only

in the past three years that railway companies have started developing digitalization programs

with the aim to improve their maintenance operation. Utilizing digital data processing has and

will continue to revolutionize both maintenance of infrastructure and rolling stock by enabling

the possibility to detect impending defects on components and systems. Thus, ensuring that

maintenance is only done when required, but before a defect occurs (Pieriegud, 2018).

However, it is not easy to initiate, even more so to succeed, with digital transformations. New

technological inventions, as described in the case of MTR Tech, presents hurdles, including

investment funding, implementation of digital solutions during operation, liabilities of

technology, and data management. With the use of multiple sensors and real-time data, large

flows and volume of data is received; this data needs to be processed and analyzed to be useful

(Briginshaw, 2018). The detectors used to collect information are also not always co-located.

There is thus a need for capabilities related to integrating the information collected as well as

interpreting and using the signals contained in the information e↵ectively. Alarms need to be

created in the context of industry operations that are easily interpreted by operators and can

be used as support for decision-making (Li et al., 2014). Further, the large variety of

technological items installed in a railway infrastructure makes maintenance management a

complex task following the di↵erent operating conditions of the di↵erent components (Macchi

et al., 2012).

1.3 Purpose
The purpose of the thesis is to investigate the use of real-time asset data in an information

system in order to facilitate the digitization of a maintenance management operation.

1.4 Research Question
To fulfill the purpose of the thesis the following research questions have been generated:

RQ1: What are the business opportunities to be gained from the implementation

and utilization of an information system for a maintenance organization?

RQ2: Which success factors are needed to take advantage of the opportunities

from an information system?

3



1. INTRODUCTION

1.5 Delimitations
This thesis is delimited to a single-case study conducted in collaboration with the maintenance

company MTR Tech AB. The investigations will be carried out in one single location set to

Sweden. The choice of only examining one maintenance company located in Sweden

specifically, might obstruct the generalizability of the study. However, it will be aimed to write

the thesis so that the findings may be interesting and applicable for di↵erent maintenance

companies worldwide. The central focus of the thesis is on an organizational level. Even

though empirical findings will be gathered by interviewing specific roles on all levels of the

organization, the recommendations regarding business opportunities and key success factors

will be applied on a higher organizational level.

The literature review will be delimited to only discussing the two topics of maintenance

management and information systems. The choice of not focusing on a particular maintenance

organization may di�cult the appliance of the theory on the specific case company, however it

does also provide a wider perspective that could lead to new eye-opening findings. The same

argument follows the choice of not focusing on evaluating a specific type of information system,

but rather research the topic of information systems in general. Further, a set delimitation is

the choice of only investigating the implementation and utilization of information systems,

leaving out the construction and design process. Due to not examining the prior stages of

manufacturing and designing the information system, there will be no attempt of interviewing

the supplier of the specific information system implemented at the case company. As a result

of focusing on an organization level, the thesis will not examine the information system on a

high technical level, and a specification of the system has thus been left out. Therefore, a

delimitation in the technical recommendations that will be stated, is the incertitude of the

possibility to actually implement the recommendations with respect to the current conditions.

1.6 Scientific Contribution
Literature and studies exploring the relation between information systems and maintenance

management organizations have to date found to be rare. Significant attention has been

devoted to the separate topics, however research overlapping the two areas of study has been

inadequate. The limited research that exists generally focuses on the maintenance division of a

production company where maintenance is not the primary revenue stream of the company.

Further, identified literature regarding maintenance management organizations related to

transportation is generally focused on the aerospace industry and a negligence has been found

towards other transportation industries. With ground in a single-case study in a railway

maintenance organization the thesis provides theoretical contribution to the intersection

between information systems and maintenance management. This thesis thus aims to increase

4



1. INTRODUCTION

the understanding of the relation between information systems and maintenance management.

Furthermore, the thesis has the objective to provide practical contribution to the studied

organization, MTR Tech AB. If successful, the insights provided by the thesis can result in

increasing the competitiveness and profitability of the case company.

1.7 Disposition of Thesis
The outline of the thesis is described below:

Chapter 1 - Introduction: The topics related to information systems and maintenance

management are introduced from a global perspective. The problem that is to be studied is

formulated together with the purpose of the thesis, along with the research questions that will

be answered. The thesis’ delimitations, scientific contribution and the disposition are stated.

Chapter 2 - Maintenance Management: Covers the practices and principles within

maintenance management. Defines maintenance and presents the tasks and responsibilities of

the maintenance organization and the two maintenance strategies, reactive and proactive

maintenance. Discusses lastly the area of intelligent maintenance systems.

Chapter 3 - Information Systems: Introduces information systems by defining an

information system and its role in organizations. The implementation process of an

information system is described, as well as management’s role in the implementation process

and issues needed to be considered. Utilization of information systems is thereafter elaborated

on.

Chapter 4 - Case Description: An introduction to the case study company, MTR Tech

AB, is given. The organizational structure is explained and illustrated together with a short

description of the operation. A presentation of the di↵erent components that constitute the

RLU project are finally stated.

Chapter 5 - Methodology: The utilized methodology is outlined, beginning with a

thorough description of the research design and approach. The data collection process is

presented, and the data analysis is described. A discussion regarding the generalizability of the

study as well as ethical considerations is raised.

5
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Chapter 6 - Findings and Analysis: The findings and analysis based on the empirical data

collected during the interviews, observations and the internal documentation are presented. A

description of the current vehicle maintenance and depot operation of MTR Tech is presented.

A description and analysis of the business opportunities that are expected to be gained from

the information system and the success factors needed to capture them is stated.

Chapter 7 - Discussion: The business opportunities and the success factors that were found

necessary for supporting the business opportunities are elaborated on together with the

challenges they aim to mitigate. A discussion concerning the di↵erent aspects related to

digitization is carried out.

Chapter 8 - Conclusion: Concluding remarks and future directions of the thesis are

provided. Conclusions are stated according to a short-term recommendation and a long-term

recommendation and based on the obtained findings and the following discussion. Di↵erent

suggestions and directions are stated regarding further research.

6
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1.8 Chapter Summary
The fields of research of which the thesis aims to explore are maintenance management and

information systems. From the limited research that exists it has been found that sustainable

asset management can be achieved and made profitable by incorporating technology innovations

in maintenance management. Most common is the use of computerized condition monitoring

of components with IoT technology. Building on these innovations, information technology and

information system have gained recognition in order to make digital transformations possible.

The industries that have the most to gain by investing in computerized condition monitoring

and information systems to better maintain their assets are organizations that heavily rely on

equipment to run their business.

One actor that is currently attempting a digital transformation is the Swedish railway

maintenance company MTR Tech AB. For the first time metro cars in their operation will be

able to collect data about the vehicle and the physical environment, which will be communicated

to an information system. However, it is not easy to initiate, or more so to succeed, with

digital transformations. Thus, the thesis aims to investigate the potential applications of an

information system in order to facilitate the digitization of a maintenance management

operation. By addressing the purpose, the thesis will contribute to the scarce research

concerning the relation between information systems and maintenance management.

7



2. MAINTENANCE MANAGEMENT

2 Maintenance Management
In this section the practices and principles within maintenance management are covered. The

section provides a definition of maintenance and presents the tasks and responsibilities of the

maintenance organization; consisting of planning and scheduling, and material and spare parts

management. The two maintenance strategies, reactive and proactive maintenance, are

presented and the section is ended with a discussion about intelligent maintenance systems.

2.1 Definition and Objective of Maintenance
Maintenance is the process of preserving the condition of a device or a component by preventing

it from failing, or repairing it to keep it in proper working order (Kumar and Kumar, 2018). As

seen in Figure 1 maintenance can be viewed as an input and output system where the inputs

consist of labor, failed equipment, material and spare parts, tools, information, policies and

procedures. The outputs consist of equipment that is up and reliable in order to achieve the

planned operation of the organization. Activities that make the maintenance system functional

include planning, scheduling, execution and control (Ben-Daya et al., 2009).

Figure 1: Maintenance system and process control viewed as an input and output system.

The main objective of maintenance is to ensure smooth operation of equipment while at the same

time keeping costs down (Haroun and Du↵uaa, 2009; Younus et al., 2016). In the manufacturing

industry, maintenance cost can consume from 2% to 10% of revenue, while it may reach up to 24%

in the transportation industry. Maintenance cost can thus be a vital factor in an organization’s

profitability (Haroun and Du↵uaa, 2009), especially in the transportation industry. The total

maintenance cost is minimized by reducing repair cost and inventory cost, and minimizing idle

time of repair time and loss of operating time (Kumar and Kumar, 2018). This is achieved by

appropriately organizing the organization’s maintenance activities (Younus et al., 2016).

8



2. MAINTENANCE MANAGEMENT

2.2 Organizing the Maintenance Organization
The maintenance organization is defined by Younus et al. (2016) as a system for managing

resources, formulating regulations, operating procedures, task assignments, workflow and

reporting channels that help the maintenance function to meet its goals e�ciently and

e↵ectively. Further, the maintenance organization acts as a central structure for providing

direction to the maintenance operation. For an e↵ective maintenance organization, it is

important to have a well-established structure, that clearly defines the path of information

flow, as well as roles and responsibilities of maintenance personnel (Younus et al., 2016).

There is no universally accepted methodology for designing a maintenance organization.

Instead, experience and judgement are used together with a number of formal decision tools

and techniques. Important factors that must be considered when designing a maintenance

organization are the capacity of maintenance, centralization versus decentralization, and

in-house maintenance versus outsourcing. Further, di↵erent criteria can also be used in the

decision including clear roles and responsibilities, e↵ective span of control, virtuous supervision

and e↵ective reporting, and minimization of costs (Haroun and Du↵uaa, 2009). It is important

to keep the ultimate objective of the maintenance function in mind when designing the

organization, which is to provide e↵ective equipment at a reasonable cost (Kirby, 2000).

Further, the organizational structure is favored by being treated as a dynamic entity that

continuously needs to evolve to respond to changes in technology, processes and environment

(Haroun and Du↵uaa, 2009).

2.2.1 Management’s Role in the Maintenance Organization

Management’s main responsibility is to organize the maintenance function and provide

resources to the organization in order for them to perform tasks and accomplish targets.

Maintenance managers must have the capabilities to recognize and solve performance problems

as well as capitalize on opportunities. Further, managers must make good decisions and take

appropriate action in order to achieve organizational success in terms of performance

e↵ectiveness and e�ciency (Ben-Daya et al., 2009). Organizational success is attained by

selecting the right people with the appropriate capabilities, supported by continuous training

and good incentive schemes (Haroun and Du↵uaa, 2009). Management continuously strive

towards achieving a higher level of productivity by strategically investing in new maintenance

technologies and best practises (Kirby, 2000). Thus, maintenance performance can never rise

above the quality of its leadership and supervision (Haroun and Du↵uaa, 2009).
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2.3 Maintenance Tasks
The tasks of the maintenance organization consist of planning, organizing, implementing and

controlling maintenance activities. Maintenance tasks are of varied nature with di↵ering needs

and conditions. Before commencing with any maintenance activities, it is important to have

clarified job and working relations, e.g. chain of command, span of control, delegation of

authority, etc. (Haroun and Du↵uaa, 2009). Previous studies consider the lack of roles and

responsibilities related to maintenance tasks and the lack of a proper structure related to

maintenance organization assignments to be reasons for poor performance of maintenance

workforce. After identifying the maintenance task, it is crucial to establish the needs, i.e.

resources, services, management activities etc., that are necessary in order to fulfill the plan

and succeed with the maintenance activity (Younus et al., 2016).

The maintenance process should continuously be measured in order to be controlled and

monitored for taking appropriate and corrective actions to minimize and mitigate risks

regarding safety, meet societal responsibilities and enhance e↵ectiveness and e�ciency of the

equipment or device maintained. Measures of performance include availability, mean time

between failures, failures/breakdown frequency, mean time to repair and production rate

index. This while measures of productivity consist of the use of resources, for example labor,

materials, contractors, tools and equipment, and cost indicators such as power utilization and

e�ciency, material usage and work order (Ben-Daya et al., 2009).

Below follows a more detailed discussion of the maintenance activities planning and scheduling

as well as material and spare parts management.

2.3.1 Planning and Scheduling

A maintenance plan consists of a structured set of tasks that include activities, procedures,

resources and the time scale required to carry out maintenance. Thus, planning and scheduling

are important elements of the maintenance function (Younus et al., 2016). Planning is seen as

the process of determining future decisions and actions necessary to accomplish intended goals,

and targets. While, scheduling on the other hand is the process of putting the tasks determined

by the plan into a time frame (Ben-Daya et al., 2009). By having an e↵ective maintenance plan,

it can contribute significantly to reducing maintenance cost, reducing delays and interruptions

and improve quality of maintenance work (Younus et al., 2016; Ben-Daya et al., 2009). Because

planned maintenance work is thought of in advance the process is referred to as proactive. A

breakdown that does not o↵er the opportunity to plan ahead is referred to as reactive. A more

detailed explanation of these terms follows in section 2.4, however as a rule-of-thumb, reactive

work costs twice as much to complete, takes longer time and results in poorer quality work

leading to lower reliability (Narayan, 2012).
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The main objectives of maintenance planning and scheduling are thus to minimize the idle time

of maintenance forces, maximize the e�cient use of work time, material and equipment, and

maintain the operating equipment at a working order level. Planning of maintenance activities

and resources need to be based on good estimates of future maintenance workload, including both

planned maintenance and breakdown failure maintenance (Ben-Daya et al., 2009). Standards

suggest that for an e↵ective maintenance program an organization should have at least 80% of

the load planned, with top performers doing 90% planned maintenance work (Younus et al., 2016;

Narayan, 2012). The occurrence of non-repetitive maintenance activities, usually as a result from

emergency/breakdown failure, leads to new problems with each downtime, and therefore asks for

a multi-skill workforce to solve (Ben-Daya et al., 2009). However, there are also problems related

to maintenance planning, where forward planning of known tasks to be solved in a given period

can lead to compromise of required standards of work (Haroun and Du↵uaa, 2009). Further,

planning also contributes to the risk and cost related to over maintaining (Ben-Daya et al.,

2009).

2.3.2 Material and Spare Parts Management

Stocking and ensuring availability of material and spare parts in the right quality and quantity at

the right time and to the minimum cost is another task of the maintenance organization (Haroun

and Du↵uaa, 2009). The aim of stocking material and spare parts is to protect the operation

from long downtime of randomly failing equipment when replacement parts are not available

on-hand. However, there is a cost related to stocking spare parts which does not permit keeping

spare parts for all failure prone components. Spare part inventory should be optimized by

being decided based upon di↵erent technical, economic and strategic considerations. Especially

expensive spare parts should be kept to the minimum number of spares that are consistent

with management’s specification of the likelihood of equipment failure. The problem related

to overstocking spare parts needed for maintenance can further be avoided by applying the

principles of just-in-time systems (Ben-Daya et al., 2009).

2.4 Maintenance Strategies
Maintenance strategies can be divided in two categories: reactive maintenance and proactive

maintenance. Reactive, also referred to as unplanned maintenance, is done first after defect,

breakdown or stoppage and can thus not be planned. Proactive maintenance is planned and can

further be classified as preventive or predictive maintenance. The di↵erence between predictive

and preventive maintenance is that the former is adaptively determined, while the latter is

performed on a fixed schedule (Ben-Daya et al., 2009). The strategies are appropriate during

di↵erent situations. The selection should be done based on the most appropriate strategy to

reduce risks. Reactive strategies are appropriate when the consequences are negligible and thus

the risk usually low. On the other hand, if the equipment or device is a threat to safety,
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operation, or the environment, proactive strategies are more appropriate (Narayan, 2012). An

overview of the di↵erent maintenance strategies can be seen in Figure 2 below followed by a

more detailed explanation of each strategy.

Figure 2: Overview of maintenance strategies.

2.4.1 Reactive Maintenance

The oldest and most common maintenance and repair strategy is ”fix it when it breaks”.

Reactive maintenance, also referred to as breakdown or corrective maintenance, is defined as

the maintenance activity carried out after a functional failure of the equipment or device has

occurred with intention to restore it to a state in which it can perform its required function.

The reactive maintenance activity may be classified as emergency maintenance if the

maintenance task is necessary to accomplish in order to avoid serious consequences (Ben-Daya

et al., 2009). It is thus not possible to schedule the repair work of reactive maintenance in

advance. However, if it is not an emergent failure the maintenance activity can be deferred to

another more suitable time.

Reactive maintenance has the tendency to lead to degrading performance of the equipment or

device (Narayan, 2012). Another issue with this strategy is the occurrence of unscheduled

downtime at times that may be inconvenient (Ben-Daya et al., 2009). Because of the inability

to plan, reactive maintenance also tends to be less e�cient in terms of resource utilization and

control of duration (Narayan, 2012). To avoid these problems there is a motivation to perform

maintenance before the problem arises in the first place (Ben-Daya et al., 2009).
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2.4.2 Proactive Maintenance

Below follows an elaboration upon the two di↵erent types of proactive maintenance; preventive

maintenance and predictive maintenance which includes condition-based maintenance.

Preventive Maintenance
Preventive maintenance is the strategy where the repair or inspection task is performed at

predetermined intervals or according to prescribed criteria to reduce the probability of a

functional failure or performance degradation. It is usually carried out at intervals based on

age-in-service and anticipated time of failure, but can also be performed based on a constant

interval. The pre-established interval is estimated from historical performance. Thus, all

preventive maintenance can be planned and scheduled (Narayan, 2012; Ben-Daya et al., 2009).

The primary objective of all planned maintenance, including both preventive and predictive

maintenance, is consequently to minimize the total cost of inspection and repair, as well as

equipment downtime (Ben-Daya et al., 2009). However, there is a risk related to preventive

maintenance in the form that the estimate used can be pessimistic leading to maintenance

being done when the equipment is in perfect operating condition (Narayan, 2012).

Predictive Maintenance
Predictive maintenance is defined as repair that is based on predicted time of functional

failure, achieved by extrapolating from the results of on-condition activities or continuously

monitored condition readings (Narayan, 2012). The only way to minimize both maintenance

costs and repair costs, as well as the likelihood of failure, is by performing ongoing assessment

and prediction of failures based on current state of operation and maintenance history

according to the predictive maintenance strategy. Predictive maintenance can further be

classified into condition-based maintenance and reliability centered maintenance (Ben-Daya

et al., 2009). The latter is not relevant in the context and therefore excluded from the

continued discussion.

Condition-Based Maintenance
Condition-based maintenance is the strategy where the decision to perform maintenance and

repair is based on the result of observing the ”condition” of the system and/or its components.

The condition of the system is quantified by parameters that are continuously monitored and

system or application specific. Dedicated instrumentation is used, where common parameters

to measure are related to vibration monitoring and on-stream inspections. By observing the

condition and status of the system and/or its components, degradation can be detected before

it leads to failure (Narayan, 2012; Ben-Daya et al., 2009). The advantage of condition-based

maintenance is that the decision to perform maintenance is based on data that reflects the

state of the actual system. Advantages are thus prior warning of impending failure and

increased precision in failure prediction. It also aids in diagnostic procedures as the failure can
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be associated to specific components through the monitored parameters. The disadvantage of

condition-based maintenance is the need to install and use monitoring equipment as well as to

develop models for analysis and decision-making. To utilize the technologies accompanied with

condition-based maintenance there is also a need for development of new capabilities and

management practices (Ben-Daya et al., 2009).

2.5 Intelligent Maintenance Systems
The growth of information and communication technologies (ICTs) and the parallel advancement

in instrumentation technologies, analytical software and mathematical modeling have resulted in

a gradual introduction of advanced technical solutions to facilitate maintenance activities. These

solutions are gathered together in the concept referred to as ”e-maintenance”. E-maintenance is

defined as an extended application of condition-based maintenance practices, where the technical

condition of systems and equipment are monitored remotely and jointly through active sharing of

technical data and expertise between geographically dispersed locations with the aim to achieve

near-zero down time performance (Ben-Daya et al., 2009).

2.5.1 Organizing the Intelligent Maintenance System

Most e-maintenance practices today rely on technical data obtained from sensor-driven

management systems and a variety of techniques in vibration, temperature, acoustic emissions,

ultrasonic, oil debris, lubricant condition, chip detectors, and time/stress analyses, paired with

the decision support setting of the operator. Significant trends and associated failure modes

are recognized by continuously monitoring the system and observing the sensor data generated

by the system. By setting up alerts, alarms, and indicators the operator can identify

impending system and/or equipment malfunctions prior to an unwanted event and thus, if

possible, mitigate the risk of failure. However, decisions should not be based on single-instance

measurements. Information should represent a trend, not just a status. By identifying leading

indicators of failure maintenance actions can be taken in the right time, not too early and not

too late, before unacceptable levels of machine performance occur (Ben-Daya et al., 2009). The

intervention process of an intelligent maintenance system as described above is further

illustrated in Figure 3.

To succeed with e-maintenance solutions there needs to be a synergy between various

competence groups from di↵erent fields of expertise. The ideal organizational form is such that

di↵erent business partners and technical experts are connected within a common network

solution to enable interaction and the exchange of data and expertise regardless of

geographical location. Technical problems of systems and equipment can hence be solved

through a collective e↵ort from experts within di↵erent areas. The success of the concept of

e-maintenance therefore largely rests on the data exchange and information sharing
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capabilities. Further, supporting software products and corporate IT tools should be

considered in order to provide the necessary technical basis for data management, work

coordination and execution, and reporting and communication (Ben-Daya et al., 2009).

Figure 3: Intervention process of an intelligent maintenance system.

2.5.2 Challenges of Intelligent Maintenance System

Maintaining the health of a system according to e-maintenance is a complex task that requires

in-depth analysis of the system and its applicability. Proper instrumentation of critical

systems and equipment, and analytical software with embedded mathematical models play a

vital role to acquire data and set up the decision-making process. However, available sensor

data may not be su�cient to detect incipient failure. Instead, there might be a need for

advanced modeling tools in order to enable the performance of simultaneous variation of

multiple parameters. More important is hence the capabilities to interpret the data and other

observables to enable prediction of failure or adjustment of control actions. There is however

often a di↵erence in levels and areas of expertise between operators resulting in considerable

operational variability, which is detrimental to the system stability. There is also the risk of

losing this knowledge when an operator changes employment or retires. Further challenges

include the large volume of data involved in systems, which have the tendency to be complex

and overwhelm the user, increasing the likelihood of reaching an incorrect decision. Moreover,

the incorrect setup of alerts and alarms that lead to false alarms can result in the user

developing deep rooted mistrust in the monitoring system (Ben-Daya et al., 2009).
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2.6 Chapter Summary
Maintenance is defined in previous literature as the process of preserving the condition of an

asset by preventing it from failing, or repairing it to working order. The main objective of

maintenance is to ensure smooth operation of equipment while at the same time keeping costs

down. The total maintenance cost is minimized by reducing repair cost and inventory cost as

well as minimizing idle time of repair time and loss of operating time. This is in turn achieved

by appropriately choosing maintenance strategies that reduce risks and organizing the

maintenance activities accordingly to fulfill them.

Scholars divide maintenance strategies in reactive maintenance and proactive maintenance.

Reactive maintenance is done after a failure occurs and can thus not be planned, while

proactive maintenance is planned. Proactive maintenance can further be classified as preventive

or predictive maintenance, where the former is adaptively determined and the latter is

performed on a fixed schedule. Predictive maintenance bases the maintenance intervals from

continuously monitoring the condition of assets, also called condition-based maintenance.

Condition-based maintenance is according to previous literature the only way to minimize both

maintenance and repair costs, as well as the likelihood of failure.

The growth of information and communication technologies and the parallel advancement in

technologies have allowed for a gradual introduction of advanced technical solutions to facilitate

maintenance activities. These advanced technical solutions are extended applications of

condition-based maintenance practices, where the conditions of assets are monitored remotely

and jointly through active sharing of technical data and expertise. Succeeding with such

solutions is a complex task that requires both technological and organizational maturity.

Scholars have not found an universally optimal organizational structure but instead advocate

for a dynamic organizational structure that continuously evolves to respond to changes in

technology, processes and environment. Management is found to have a great responsibility by

providing the resources the organization needs and invest in data exchange and information

sharing solutions that allows di↵erent expertise groups to connect.
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3 Information Systems
This section introduces information systems by defining an information system and its role in

organizations. Further, the implementation process of an information system is described, as

well as management’s role in the implementation process and which technical and

organizational issues they need to consider. The section is finalized with an elaboration upon

the utilization of information systems, how to prevent ine�cient utilization and the importance

of motivating users towards a continued usage of information systems.

3.1 Definition of Information Systems
An information system is defined by Laudon and Laudon (2013) as a set of interrelated

components that collect, process, store and distribute information to support coordination,

control and decision making in an organization. Information systems can also be utilized to

help with problem analysis, visualization of complex subjects and creation of new products

(Laudon and Laudon, 2013). Information systems can be described as consisting of five

di↵erent components; hardware, software, data, people, and processes. The first three

components fit under the technology category, and the two latter (people and processes) are

the components which di↵erentiate information systems from more technical systems

(Bourgeois, 2014).

The di↵erent components are exploited during three activities; input, processing and output,

which can be seen in Figure 4. Raw data from the organization or its environment is collected

during input and thereafter processed into a substantial form before being outputted to the

receiving persons or activities. Further, a significant function of information systems is their

request of feedback, namely returned output with the aim to correct the input stage (Laudon

and Laudon, 2013). Nevertheless, information systems are not merely information

technologies. Humans in organizations do not only communicate through technological

systems, but rather through direct communication. Thus, it can be stated that the

communication and information exchanged through the employees of the organization are also

a part of the information system (Hyötyläinen, 2013).
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Figure 4: Information flow of information systems.

3.2 The Role of Information Systems in Organizations
Information systems are vital to any organization without exception; thus, today’s industries

would not be able to operate without these systems (Hyötyläinen, 2013). The capabilities of

businesses in their near future are severely a↵ected by its system’s abilities. Thus, the

interdependence between an organization’s capabilities of achieving its goals and its ability to

use information technology is growing. Laudon and Laudon (2013) further argue that the

reason why organizations invest in information systems and technology is due to their

provision of real economic value. The value is expressed as either increase in revenue, increased

productivity or as a strategic positioning of the organization in a specific market. On the other

hand, Hipkin (1997) implies that the most important benefits that are derived from new

technology are technical ones and improved performance is the main justification.

In furtherance of attaining a full operational and technical understanding of a business’s

processes, additional knowledge, information and data are required. In the management of

di↵erent physical assets information technologies are utilized as assistance (Hipkin, 1997).

Furthermore, organizations’ decision making is improved through information systems and

their ability to serve managers with real-time data in prior of making decisions. This leads to

an improvement of the execution of business processes and thus an increase in revenue or a

decrease in costs (Laudon and Laudon, 2013).
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3.3 Implementation of Information Systems
The process of implementing information systems in organizations is challenging. Companies

often encounter great di�culties when attempting to use all the properties inherent in the

information systems. The challenges appear both in practice and in theory. Particularly

concerning practice, the implementation of information systems implies complicated strategic

issues such as economic, technical and organizational. The implementation process of an

information system can be seen in Figure 5. It starts with a strategic choice made by

management and is carried through by completing three main activities; planning,

implementation and, use and development (Hyötyläinen, 2013).

Planning and implementation of the information system need to have a clear goal that is in

line with the client’s, whomever that may be (Hyötyläinen, 2013). During the planning

activity a new solution, superior to the former, is found. Once the system has been modeled

and analyzed, it is translated into a set of procedures and work rules, which are then rolled out

into the organization (Laudon and Laudon, 2013). This signifies the implementation activity

during which the innovation elements of the new solution are tried out in practice. Further,

the implementation activity is followed by the use and development activity, a process with the

aim to gain the full potential of the new solution (Hyötyläinen, 2013). When finalizing the

implementation of the information system it is vital that the whole implementation process is

being continually measured. The measurement needs to be done due to the risk of losing

e↵ectiveness and that processes may degrade over time (Laudon and Laudon, 2013). The

continual measurement that Laudon and Laudon (2013) suggest is supported by Hyötyläinen

(2013) who claims that the planning and implementation process do not progress in a linear

matter, on the contrary there are multiple feedback loops between the cycles.

Figure 5: Implementation process of information systems as a strategic choice by management.
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3.3.1 Management’s Role in the Implementation Process

Implementation processes are time consuming; they take many years and several parties with

di↵erent interests participate in the process (Hyötyläinen, 2013). Which role management

chooses to take during the implementation of a technical system is crucial. Management can

either let the users shape the processes and mainly focus on the implementation or they can

exclude the users. The latter is done with the motivation that the users do not know what

they want and therefore, they should not interfere. Both approaches lead to communication

drawbacks. Fewer problems would appear if the users of the system and the designers of the

system would collaborate (Chmielarz and Zborowski, 2018).

Further, knowledge of the functionality of the processes a↵ected by the information system is

vital before such systems are introduced in the organization. Few managers acknowledge the

importance of functional knowledge (Hipkin, 1997). Apart from knowledge, Hyötyläinen

(2013) argues that the commitment of management needs to adapt when new technologies are

introduced. Conflicting managerial priorities lead to frustration among all levels of the

organization and management commitment is therefore important both before and after the

implementation. Management also needs to consider communication between departments. If

the conditions of one department are improved by the system simultaneously as the conditions

of another department are made worse, the implementation has worsened the condition of the

entire organization (Shea et al., 2017). When new systems are implemented, policies,

infrastructure, decision support, reporting and measurement procedures must change

(Hyötyläinen, 2013). However, when decisions are called for, management needs to be decisive.

Even though time needs to be taken to investigate di↵erent implementation options, it is

better to make a decision that might turn out to not be optimal (Shea et al., 2017).

3.3.2 What to Consider During Implementation

The majority of all information technology projects linked to renewal of business activity

processes fail. Globally, only one third of the projects turn out to be successful and achieve the

anticipated results (Hyötyläinen, 2013). However, since investing in information systems is not

only done for gaining competitive advantage but also because they are a necessity for doing

business, such projects are inevitable (Laudon and Laudon, 2013). An often-occurring

phenomenon when using new systems in order to change business processes is that the actual

modes of operation adapt to the new conditions in order to reach the objectives with the new

system. This approach could induce not thought through results, since there are no guarantees

that the system can be implemented in a planned manner. Furthermore, aside from the

implementation strategy itself, organizations might face both technical and organizational

issues with regard to change during the implementation (Hyötyläinen, 2013). The main factors

that complicate the benefits derived from a new system are technical problems, economic
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di�culties, such as lack of resources to implement the project, and problems in adjusting

organizational arrangements (Hyötyläinen, 2013; Chmielarz and Zborowski, 2018).

Technical Issues
Software is seen as one major technical problem during implementation. This often occurs when

the software is bought as an o↵-the-shelf commodity and installation di�culties are not expected

(Hipkin, 1997). Another technical issue that organizations might face is the limitation that is

set by their information system’s infrastructure. This complicates their level of adaptation and

restricts the development possibilities; thus, the user’s activity is confined (Hyötyläinen, 2013).

Therefore, it is utterly important to get buy-in from all user groups, regardless if it is a customer

or a department within the organization. All the involved sections of the organization who will

utilize the information system need to understand what the system transition is intended to

accomplish. Nevertheless, they will need to comprehend the technical benefits that will thrive

when the new system is fully implemented. The recipients need to have the opportunity to

test the system, both before purchase decision but also early in adoption so that errors can be

identified and resolved before the system goes live (Shea et al., 2017).

Organizational Issues
Further, a severe problem has been that the technical issues have been given more emphasis

than the organizational ones, which has led to an underdeveloped organization and

communication (Hyötyläinen, 2013). Organizational issues that might arise are lack of clearly

defined requirements and goals, no involvement of the users or no information provided by

them, frequently changing or incomplete business requirements and an inexperienced project

manager (Chmielarz and Zborowski, 2018). Good communication between the system

designers and the end users is a critical factor when it comes to IT project management and

improvement of the adoption and implementation of new systems (Shea et al., 2017;

Hyötyläinen, 2013). There are multiple cases where IT sta↵ members are assigned to

coordinate the implementation of a new system and the actual departments who will utilize

the system are not su�ciently engaged in the process (Shea et al., 2017).

Another aspect that needs to be considered when implementing a new system is resistance to

change and that people will resist new systems and technology as with any other type of

change. Managers in many cases have shown a fear towards resistance to change, which they

believe to be the most critical issue regarding a successful implementation. They have

anticipated that the discipline that a new system implies would be resented as an additional

burden by the employees (Hyötyläinen, 2013). This due to the fact that information systems

may potentially change an organization’s culture, structure, strategy and business processes,

which requires changes in personnel and individual routines. Hence the changes can be tedious

for those involved and they require additional e↵ort that may or may not be compensated.
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The most common reason for large projects’ failure is organizational and political resistance to

change and not failure of the technology. Thus, the ability of the managers involved in the

implementation to work with organizations and people is equally important as their technical

knowledge (Laudon and Laudon, 2013).

During the implementation of a new system, issues will most likely arise and things will not go

according to plan. Therefore, it is vital to have people with appropriate expertise on hand to

address the problems that arise. Information should be shared across all teams and with

everyone within a team in order to let everyone feel involved and treated as partners. Further,

it is important to bear in mind that the relationships between the di↵erent employees within

an organization are more important than the system itself (Shea et al., 2017). The

implementation process of an information system is a question of organizational learning. The

organization and its member try to manage problems occurring in the implementation process

and thereby learn new lessons (Hyötyläinen, 2013).

3.4 Utilization of Information Systems
A positive relationship between the profitability of an organization and the degree of utilization

of the implemented information system has been found (Luo and Ling, 2013). However, many

instances of those organizations that have managed to successfully implement an information

system have been unsuccessful in the post-implementation process. This phase turns out to be

challenging due to the fact that managers have to access all the employees’ individual needs and

motivate them to use the system. This needs to happen during an extended period of time if the

benefits from the investment and the implementation are to be ensured (Rezvani et al., 2017b).

Further, continued mandatory system utilization is an eminently more demanding environment

than voluntary system usage (Rezvani et al., 2017a). Many cases of ine�cient information

system utilization can be linked to mismatches between information system design and the

actual workflow of the ones utilizing the information system. In other words, a conflict between

the behavior of the users and the workflow that the information system requires. Therefore, it

is critical that the functionalities and design of the information system are aligned with users’

behavior and intention in order to o↵er them an e�cient way of completing their tasks (Blijleven

et al., 2017).

3.4.1 Inefficient Utilization of Information Systems

Ine�cient and under-utilization of information systems leads to an extensive waste of resources

(Luo and Ling, 2013). When an information system is associated with confusion and mistrust

amongst the employees of an organization, the users find workarounds to the utilization of the

system (Kerr and Houghton, 2015). This issue is also supported by Blijleven et al. (2017) who

argue that when the users of an information system are disrupted in their workflow, they often
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have two options; to either comply with the information system dictated workflow while

sacrificing e�ciency or construct workarounds that result in unstable processes and work

protocols. Despite which method the system user selects the result will be workflows that are

time consuming, linked to errors and resource intensive. This can possibly be avoided if the

information system dictated workflow would be aligned to the actual workflow (Blijleven et al.,

2017).

A study performed by Sinsky et al. (2016) in the healthcare sector confirms the fact that

electronic health record (EHR), a health information system, occupies a vast amount of the

physicians’ time at work. Further, this leads to attention being drawn away from patients and

for every hour of direct clinical time the physicians spent three to four hours on work related

to the actual information system. A possible explanation for the ine�cient utilization might be

that the system generates an overload of alerts on a too low specificity level, which induces

di�culties in trying to interpret the alerts. Additional reasons may be di�culties in finding the

right information in the system, insu�cient knowledge about the system, a desired option

might not exist in the system and also not su�cient trust in digital tools which is

demonstrated by still using paper and pen in some processes (Blijleven et al., 2017).

Prevention of Inefficient Utilization
Since post-acceptance behaviors, after the implementation, have important implications in the

enhancement of the employees’ work performance it is important to pay attention to ine�cient

utilization of the information system (Luo and Ling, 2013). However, there is no standard

approach on how to handle the identified waste of resources. The waste elimination should be

prioritized depending on the organization and its most critical concerns. Lean organizations

tend to handle waste connected to safety first and then followed by waste connected to quality,

delivery and cost of products or services. This approach is abbreviated SQDC (safety, quality,

delivery, cost). Nonetheless, it is important understanding where, how and why workflow

bottlenecks occur as a result of mismatches with the information system workflow. By

overcoming or preventing these bottlenecks more e�cient workflows can be achieved. Many

types of waste are also associated to poor usability. User-centered design processes are

therefore also recommended in order to better match the desired workflows of the information

system with the actual workflows (Blijleven et al., 2017).

3.4.2 Motivation for Utilizing Information Systems

Information systems require e↵ective and continued use in order to be valuable and for

continued system usage it is crucial to understand how users are motivated (Rezvani et al.,

2017b). The managers directly linked to the users of the information systems have been

recognized as one of the key influential factors regarding employees’ behaviour and attitude in

the post-implementation stage. Mandatory utilization of information systems is essentially
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a↵ected by the supervisors and leaders. They are the ones integrating the information system

within everyday processes and practices by interacting with the employees on a daily basis and

practice significant power over them (Rezvani et al., 2017a). Especially charismatic leaders

have shown a positive e↵ect on performance and e↵ort expectancy (Neufeld et al., 2007).

Organizations would therefore benefit by investing in developing the leadership skills of their

managers in order to enable a successful capture of value from their investment in the

information system (Rezvani et al., 2017a).
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3.5 Chapter Summary
Past literature defines information systems as a set of interrelated components that collect,

process, store and distribute information to support coordination, control and decision making

in an organization. Information systems are seen as a vital part of all organizations and are

utilized to assist the management of di↵erent physical assets and provide data in prior of

decision making. Thus, today’s companies invest in such technologies both due to their

provision of real economic value, but also because of their contribution in improved technical

performance.

Scholars have described the process of implementing information systems in organizations as

challenging and the complications can be of economical, technical and organizational nature.

When initiating the implementation, it is important to have a clear goal, otherwise mismatches

between the information system design and the actual workflow might occur. Such problems

often arise when the software is bought as an o↵-the-shelf commodity and buy-in from all user

groups has not been received. However, past literature discusses that the most common reasons

for large projects’ failure are organizational and political resistance to change. This can come

as a result of frequently changing or incomplete business requirements and an inexperienced

project manager. The role of management is emphasized, managers directly linked to the users

of the information systems have been recognized as one of the key influential factors. Mostly

regarding employees’ behavior and attitude in the post-implementation stage. The positive

relationship between the profitability of an organization and the degree of utilization of

information systems shows that there are real incentives for management to advocate the use of

such systems.
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4 Case Description
In this chapter an introduction to the case study company, MTR Tech AB, is given with whom

the report is written in collaboration with. The organization structure is explained and

illustrated together with a short description of the operation. The case study is a part of the

project Röda linjens uppgradering. This section thus ends with a presentation of the di↵erent

components that constitute the project and that consists of new metro cars to be put in tra�c

on the red metro line, a new information system and a new metro depot in Norsborg.

4.1 MTR Tech AB
MTR Tech AB, previously Tunnelbanan Teknik Stockholm AB (TBT), is the second largest

railway maintenance company in Sweden and is a subsidiary of MTR Nordic Group, which also

owns MTR Tunnelbanan AB, MTR Express AB and MTR Pendelt̊agen AB. MTR Tech is

responsible for the operation of the six metro depots and the management, development and

maintenance of the metro cars owned by Trafikförvaltningen, TF. In addition, the company

also executes various assignments for other stakeholders within the rail transportation industry

including repairs and reprocessing of components, development and modernizations of

technology services. This wide breach of technical competency enables MTR Tech to take an

overall responsibility in the assignments. MTR Nordic (2018) argues that being independent of

vehicle producers enables unbiasedness during investigations and planning for maintenance,

audits of components and, not least, during the procurement of components. The extensive

nature of their assignments demands constant improvement and optimization regarding all

aspects of the operation. From the supply of materials, safety of operation and planning of

production to time and quality of each task performed. By ensuring safety, satisfied customers

and employees, profitability, and reliable and e↵ective production MTR Tech AB aims to be a

world-class maintenance company (Melin, 2017).

4.1.1 Organization and Operation

MTR Tech is lead by a management team with a CEO followed by a head responsible for the

di↵erent functions that constitute the organization, as seen in Figure 6. There are three head of

maintenance, each responsible for one of the three main lines; Green line, Red line and Blue line

that constitute the rapid transit system in Stockholm. The Green line and Red line have two

metro depots each, while the Blue line only has one metro depot. There is one additional metro

depot, the Hammarby depot, which is specialized on the repairing and the maintaining of the

di↵erent components of the cars. The Hammarby depot also acts as a warehouse, buying and

carrying main inventory of components to the metro cars. Further, there is one maintenance

support division supporting all depots with technical competence and management of vehicles
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(MTR Nordic, 2016).

Figure 6: Organization MTR Tech.

The metro cars are sent to the metro depot for cleaning, maintenance and security check before

entering in tra�c. All depots are in operation around-the-clock, every day of the year. The work

in the depot is divided in three shifts, forenoon, afternoon and night, and a day group, with a

group leader responsible for two sets of teams and a production manager as seen in Figure 7

(MTR Nordic, 2016).

Figure 7: Organization Green line, Red line and Blue line.
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4.2 RLU Project
Röda linjens uppgradering, hereafter referred to as RLU, is a project initiated by

Trafikförvaltningen in order to modernize the red metro line and increase its capacity by 25%

until 2021. The RLU project comprises; new metro cars, a new tra�c steering system, a new

depot in Norsborg, reconstruction of the depots in Hammarby and Nyboda, new IT-solutions,

and an investigation of the possibility of unattended train operation (Persson, 2019).

Traikförvaltningen, TF, has invested in new metro cars in order to make space for more

travelers and increase comfort, speed and safety on the Red line. The new cars will replace the

CX cars, which were introduced during the 1970’s. The new vehicles will also be more

accessible for all travelers independent of their circumstances. To maintain the new cars a new

metro depot has been built in Norsborg, Stockholm, which was put into use in 2018. The new

cars, which are valued to over five billion SEK, were delivered to Trafikförvaltningen for testing

during the summer of 2018 and are planned to be introduced in tra�c during 2019 and

expected to be fully introduced in 2022 (Region Stockholm, 2018b). MTR Tech’s role in the

RLU project a↵ects several areas. They are inter alia involved in the creation of the driver’s

cab, planning of tests and also development of maintenance documentation (Persson, 2017b).

4.2.1 C30 Metro Cars

The new metro cars delivered by the RLU project are manufactured by Bombardier

Transportation and are a part of the MOVIA product line in the C30 metro model

(Bombardier Transportation, 2019). Digital screens will be available for passenger information

and they will be the first Swedish metro cars with air conditioning. The life-span of the C30

cars is approximately 30 years (Region Stockholm, 2018b). Further, the cars have been

awarded with the ”Good Design Award” by The Chicago Athenaeum International Museum of

Architecture and Design particularly due to their Scandinavian design (Region Stockholm,

2017). An upgrade and new feature of the C30 cars compared to the previous models owned

by Trafikförvaltningen, TF, C20 and CX trains, is their ability to detect and collect diagnostic

data and data from the physical environment through sensors installed on di↵erent

components in the cars.

4.2.2 ORBITA Fleet Monitor

The data collected in the C30 metro cars will be communicated in real-time to an information

system called ORBITA Fleet Monitor, abbreviated OFM. The system, that is designed and

supplied by Bombardier Transportation, BT, provides the user with data of so-called ”Events”

and the environment in which they occur. By connecting the condition monitoring equipment in

the vehicle to OFM raw data about ”Events” and ”Environment” can be collected (Bombardier
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Transportation, 2018). Event-related data contains information about the vehicle’s hours in

service, distance travelled and operational cycles. On the other hand, environment-related data

aims to capture the environmental factors such as speed, location and driver (Forén, 2018). This

data can be transformed into meaningful and organized information for the convenience of the

users. Further, OFM also provides the necessary toolset to receive, store, plot, view and analyze

diagnostic data thus supporting the maintenance and management of rail fleets (Bombardier

Transportation, 2018).

4.2.3 Norsborg Depot

In 2012, Trafikförvaltningen, TF, started working on a new metro depot in Norsborg, south

west of Stockholm, with the aim to house and serve the new C30 metro trains. The new depot

was built in anticipation to improve and densify the tra�c on the Red line. The construction

finished during the autumn of 2016 and was taken over by MTR Tech in 2017. The plant is

expected to function in a similar manner as the other depots, equipped with the functionality

to arrange, maintain and clean the new metro cars. In addition, the metro cars are able to be

operated throughout the depot during times of non-attendance. The Norsborg depot is thus

considered to be one of the most modern metro depots in the world (Persson, 2017a).

4.2.4 C20 upgrade

Simultaneously as the C30 cars will be delivered, 271 of the C20 cars will be upgraded. The

aim with the upgrade is to better respond to passengers’ needs and also resemble the C30 cars

(Majlrad, 2017). This entails that the C20 cars will have wireless connection and also be able

to capture and communicate data through sensors. However, not in the same extent as the C30

cars. Other improvements include more cameras in the cars, clearer information to passengers,

available space for strollers, walkers and wheelchairs, and easier on- and o↵-boarding (Region

Stockholm, 2018c). The upgrade will enable a technical lifespan of the C20 cars until 2030. The

first upgraded car will be finalized during the end of 2019, the aim is to have all 271 upgraded

by 2022 (Region Stockholm, 2018a).

4.2.5 Stakeholders and Relationships

The RLU project involves several stakeholders and the three main ones are considered to be

MTR Tech, Trafikförvaltningen and Bombardier Transportation.

Trafikförvaltningen
Trafikförvaltningen, TF, owns all the depots and metro cars that MTR Tech currently operates.

They are also the buyers and owners of the new C30 cars delivered through the RLU project.

The responsibility of operating the metro cars is distributed through a procurement, that MTR

Tunnelbanan won in 2009 and the contract is valid until 2023. Trafikförvaltningen funds MTR
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Tunnelbanan for each kilometer driven by the cars and MTR Tunnelbanan are required to pay

back the fund for those distances if the car is standstill. Additionally, a quality deficiency cost

is paid by MTR Tunnelbanan to Trafikförvaltningen. MTR Tech is a subcontractor to MTR

Tunnelbanan and have been assigned the operation and maintenance of the metro cars.

Bombardier Transportation
Bombardier Transportation, BT, is a part of Bombardier, a Canadian train and plane

manufacturer, and they are the suppliers of the new C30 cars and the ORBITA Fleet Monitor,

OFM, system. The cars will have a warranty period of two years. During this period

Bombardier Transportation will be responsible for all defects related to the construction of the

cars. Therefore, they will also be a part of the utilization of OFM, with the aim to find which

stakeholder is responsible in case of deficiency.
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4.3 Chapter Summary
MTR Tech AB is the second largest maintenance company in Sweden and is responsible for the

operation of the metro depots and the management, development and maintenance of the metro

cars owned by Trafikförvaltningen. Following, MTR Tech also has a significant role in the

project Röda linjens uppgradering, RLU, initiated by Trafikförvaltningen to modernize and

increase the capacity of the red metro line. The RLU project comprises; new C30 metro cars

delivered by Bombardier Transportation, a new tra�c steering system, a new depot in

Norsborg, reconstruction of two existing metro depots, new IT-solutions, and an investigation

of the possibility of unattended train operation.

The new C30 metro cars will be able to detect and collect diagnostic data as well as data from

the physical environment. This data will be communicated in real-time to the information

system ORBITA Fleet Monitor, OFM, and accessed in the metro depots while the car is still in

tra�c. Simultaneously, the previous metro car model C20 will also be upgraded to communicate

to OFM. Utilization of the data in OFM can be transformed into meaningful and organized

information for the convenience of the intended users. Further, OFM also provides the

necessary toolset to receive, store, plot, view and analyze diagnostic data, thus supporting the

maintenance and management of rail fleets.
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5 Methodology
This chapter outlines the utilized methodology, beginning with a thorough description of the

research design and approach. Further, the data collection process is presented where the

conducted literature review, interviews, observations and study of archival data are explained.

This is followed by a section describing the data analysis and the chapter is finalized with a

discussion regarding the generalizability of the study as well as ethical considerations.

5.1 Research Design and Approach
The research has been conducted in collaboration with MTR Tech as a part of their RLU

project concerning the introduction of new metro cars with the ability to detect and collect

diagnostic data, an overview of the research design can be found in Figure 8. Due to the lack

of similar initiatives in the Swedish railway sector and the novelty of the subject the research

has been conducted as a case study. The choice is supported by Yin (2009) who argues that if

the study focuses on contemporary events at the same time as it does not require control over

behavioral events and the research question is formulated using ”how” or ”what”, then a case

study is an appropriate choice. Further, the case study has been performed as a single-case

study due to its uniqueness. This enabled us to reach a depth in the research while still

receiving a vast amount of data (Yin, 2009).

The choice was made to utilize an inductive research approach. That implies that the

empirical study was mainly conducted on the basis of the problem we identified. Thus, using

the theory to develop a better understanding of the findings (Blomkvist, 2015). The strength

of an inductive approach is that it may be perceived as more realistic, due to being grounded

in real-world observations. However, the weakness is its lack of reproducibility since

interpretation of observations is subjective (Makadok et al., 2018). We tried to minimize this

flaw by being two researchers. Multiple investigators enhance the potential of the study since

they often have complementary insights and di↵erent perspectives. Additionally, the

convergence of observations from multiple investigators builds confidence in the findings

(Eisenhardt, 1989). Further, we have also been open to criticism from supervisors who have a

more objective outlook on the project.

When initializing the research, it was made sure that our objectives for the study were aligned

with the objectives of MTR Tech in order to produce a valuable and relevant result for both

parties. Even though the research questions were not fully developed in the beginning of the

research, we formulated a problem statement early on. This enabled us to acquire a research

focus and thereby not become overwhelmed by the volume of data during the beginning of the
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data collection, which is supported by Eisenhardt (1989). The research design was constructed

in close collaboration with our supervisor from MTR Tech. Potential data sources were

identified, such as relevant documents and persons to interview. Since case studies generally

combine data collection methods such as archives, interviews, questionnaires and observations

we made the choice to combine a number of qualitative methods (Eisenhardt, 1989).

The research consisted of two parts, a pre-study and a main-study. The pre-study aimed to

familiarize ourselves with the company, the research subject and potential literature sources. A

number of unstructured interviews were conducted, as well as meetings with our supervisor

from MTR Tech. Documents provided by MTR Tech were looked through and a brief

literature search and reading were made. The pre-study was followed by a main study where a

thorough literature review was conducted on the topic followed by a data collection in the form

of semi-structured interviews, observations and archival data and documents.

Figure 8: An overview of the research design and the activities performed in each stage.

5.2 Data Collection
The explorative nature of the research supported the choice of utilizing a qualitative data

collection. A combination of multiple methods was selected in order to retrieve a considerable

amount of data and additionally facilitate the exploitation of triangulation. By incorporating

numerous of methods, the weaknesses of any single method are likely to be compensated by

the strength of the others (SAGE, 2019). The utilized data sources include interviews,

observations and archival data. The collection of data was conducted during a vast amount of

the research period, from the middle of January until beginning of April. However, some of the

data collection methods, such as observations, continued throughout the research and thoughts

derived from the observations were incorporated continuously. Further, the collected data was

stored in a shared digital database among the two researches for better accessibility.

33



5. METHODOLOGY

5.2.1 Literature Review

During the first phase of the research a literature review was conducted with the aim to

acquire an extensive knowledge regarding the research subject and relating fields. The

literature review served as a foundation and a beneficial support prior to the main part of the

data collection. The choice was made to make the master thesis significant for a wider

audience than only the ones interested in intelligent maintenance systems in the railway

industry. Hence, the literature review was conducted on the topics of maintenance

management and information systems. Regarding maintenance management the subjects of

maintenance organization, maintenance strategies and intelligent maintenance systems were

covered. The section of information systems reviews literature concerning the role of

information systems in an organization, the implementation process and the utilization of such

a system.

The sources used during the literature review consisted mainly of scientific journal articles. In

conjunction with the articles, a number of academic literature were also utilized. Three

di↵erent digital repositories were utilized; Web of Science Core Collection, ScienceDirect and

KTHB Primo. Selection of literature was performed in three di↵erent stages. First a

keyword-based search was utilized together with relevant search strings, followed by a manual

filtering depending on a number of set criteria, elaborated on further below. The selection was

finalized with additional literature being found by evaluating references utilized in the

primarily found literature, the so called backward snowballing method (Wohlin, 2014). To

determine whether a selected source was relevant or not for the research scope, an examination

of title and abstract was made.

The keywords that were utilized in the first search stage included maintenance, information

system* and IS (abbreviation of ”Information System”). The keywords were thereafter joint

into search strings with other relevant words and boolean operators in order to increase the

number of compatible results. The keywords are listed below in Table 1.
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Table 1: List of the used keywords and boolean operators.

First Keyword Boolean Operator Second Keyword

maintenance AND information system*

maintenance AND IS

maintenance AND management

maintenance AND organization*

predictive AND maintenance

implementation AND information system*

implementation AND IS

utilization AND information system*

utilization AND IS

usage AND information system*

usage AND IS

The search was further refined by only considering the results of which the search string was

found in the title. Thereafter, a sorting of year of publication and times of citation was made,

in order to focus on the results included by the defined criteria.

The defined inclusion criteria:

• Included sources must be written in the English or Swedish language

• Included sources must have been published in the last 25 years

• Included sources must have been cited

The finalized literature review was composed of 19 di↵erent sources. For the maintenance

management review the main source that has been used is the book ”Handbook of

Maintenance Management and Engineering” (2009) written by Ben-Daya, Du↵uaa, Raouf,

Knezevic and Ait-Kadi. This source was also found to be the only research that combined
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maintenance management with information technologies and information systems. However,

still to a limited extent. For the literature review concerning information systems the two main

sources utilized are ”Implementation of information systems as an organizational construction”

(2013) by Hyötyläinen and ”Management information systems: Managing the digital firm”

(2013) written by Laudon and Laudon. After careful assessment of several relevant sources the

above-mentioned references were chosen due to their comprehensiveness on the topics they

concerned. The sources were further perceived to be credible based on the authors’ relevant

professional backgrounds and their respective publisher.

5.2.2 Interviews

The choice of interviewees was based on suggestions from our supervisor at MTR Tech as well

as from our requests of representatives with relevant positions. The conducted interviews were

either unstructured or semi-structured. Both these types of interviews are according to

Easterby-Smith et al. (2013) appropriate when the purpose is to develop an understanding of

the interviewee’s current situation so that the researchers might influence it.

15 interviews were conducted, where two of the interviews were attended by two interviewees

concurrently. The interviews lasted approximately 30 to 90 minutes, topics and further

information are found in Table 2 and Table 3. All the interviews were booked by sending an

email to the desired interviewees and thereafter deciding a suitable date and time for both

parties. The choice was made to conduct the interviews in the interviewees’ o�ce or a place of

their choice in order to make them feel comfortable by being in their natural setting. In order

to facilitate the data collection and the data analysis all the conducted interviews were

recorded, and the audio files were stored in a shared database to which only the researchers

had access.

The interviewee was always asked for permission to record the interview on beforehand.

Further, in addition to the audio recording notes were kept by one of the interviewers both

regarding the discussions but also of other relevant observations. All the participants were

interviewed by both researchers. This decision is supported by Collis and Hussey (2013) who

claim that it is useful having two interviewers since it helps ensure that all questions are fully

explored. At the end of all interviews the interviewees were asked if they knew anyone who

possessed any knowledge that is of research interest. The so-called snowball or chain referral

sampling is particularly usable when the research concerns a company specific matter and thus

requires the knowledge of insiders (Biernacki and Waldorf, 1981).
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The interviews were conducted in two phases, with distinct aims and were therefore designed

in di↵erent matters. During the first phase, interviews were held with stakeholders from both

MTR and Trafikförvaltningen, TF, with the goal to get a better picture of the researched topic

and the project, thus being able to focus the literature review. These first interviews were of

an unstructured nature and none of the questions were prepared in advance, except for the

desired direction and course of the interview and some clarifying statements about the project.

Open-ended questions were utilized, which needed to be answered with a longer and developed

answer and we could thereby obtain information or opinions about the interviewee’s

experiences. See Table 2 for further details.

Table 2: List of interviewees during the first phase.

Company Role Topic Duration Date

TF Consultant A RLU project 0:56:47 h 01/28/2019

MTR Tech Group Leader A Depot tasks 1:08:03 h 02/01/2019

TF Consultant B RLU project, C30 cars 0:55:19 h 02/22/2019

MTR Tech Vehicle Manager A Utilizing OMF 1:06:09 h 02/14/2019

MTR Tech Strategic Planner A Planning tasks 1:23:14 h 02/20/2019

MTR Tech Strategic Planner B Planning tasks 0:54:06 h 02/20/2019

During the second phase, a better understanding of the project and actual issues had been

obtained and thus the interviews were of a semi-structured nature with some prepared open

questions, closed question, probes and summary questions. Additional questions were added

during the interview in case of unclear answers or to further explore a specific question. Similar

questions were asked to all interviewees in order to obtain the needed material for the data

analysis. See Table 3 for further details.

37



5. METHODOLOGY

Table 3: List of interviewees during the second phase.

Company Role Topic Duration Date

MTR Tech Group Leader A Depot tasks 1:32:45 h 02/21/2019

MTR Express Vehicle Manager B Utilizing OFM 0:56:16 h 03/28/2019

MTR Nordic Manager A Strategic initiatives 0:37:41 h 03/28/2019

MTR Tech Technical Specialist A Data analysis 1:11:38 h 03/29/2019

MTR Tech Manager B Utilizing OFM 0:36:55 h 04/01/2019

MTR Tech Project Leader A Utilizing OFM 0:32:53 h 04/01/2019

MTR Tech Depot Technician A Utilizing OFM 0:53:13 h 04/03/2019

MTR Tech Manager C Utilizing OFM 0:42:13 h 04/04/2019

MTR Tech Technical Specialist B Utilizing OFM 0:42:13 h 04/04/2019

MTR Tech Technical Specialist C C20-maintenance 1:14:57 h 04/04/2019

MTR Tech Project Leader B C20-maintenance 1:14:57 h 04/04/2019

5.2.3 Observations

Throughout the project observations have been a crucial part of the data collection. Since

the research was mainly conducted in collaboration with MTR and their C30 project we spent

a considerable amount of time at the di↵erent facilities run by MTR. During our time at the

MTR Tech headquarters, once or twice a week, and occasional visits at three di↵erent depots; the

Hammarby depot, the Nyboda depot and the Norsborg depot, di↵erent observations were made.

These included interactions between employees, how the everyday work was conducted and

also inspection of the usage of relevant computer systems. Further, we had the opportunity to

participate in occasional o�cial meetings, but also in informal discussions and social interactions

during our visits at the di↵erent facilities. All the observations made were written down, stored

in the shared database and discussed among us researchers. We decided early on to write down

all the impressions that occurred, due to the di�culty of knowing what will be considered as

useful observation in the future (Eisenhardt, 1989). During the observations it was crucial for

us as researchers to develop skills of relationship-building. This entailed maintaining a degree of
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objectivity, finding key informants who could help with fact checking and information provision,

and finally mitigating the suspicions about being an informer for top management (Greener,

2008).

5.2.4 Archival Data and Documents

Archival data and documents provided by MTR have been utilized in the data collection. The

resources have either been provided by our supervisor from MTR Tech, interview participants

after their conducted interview or they have been found through MTR’s intranet. Collected

documents consisted of user manuals, engineering specifications, training materials, monthly

reports, annual reports, internal news articles and current business operations. Due to the

sensitive and disclosing nature of some of the documents, findings from these have been left out

from the report in order to respect their confidentiality. All the data that was provided was

utilized with the aim to get a better understanding of the scope, technical aspects of the project

and how the current business operates.

5.3 Data Analysis
The analysis of the data collection focused mainly on analyzing the conducted interviews and

thereafter supporting the findings with the observations made and the evaluations of the

archival data and documents. Ritchie and Lewis (2003) argue that there are no clearly agreed

rules on how an analysis of qualitative data should be carried out. Therefore, we decided to

combine several methods and construct an analyzing method adapted to our data collection.

The data analysis was conducted in three main steps; data reduction, data display and the

final step of conclusion drawing (Miles, 2014). As data reduction is viewed to be the central

part in qualitative data analysis, this step was conducted thoroughly in two main cycles

(Ritchie and Lewis, 2003).

The data reduction was carried out in several steps. Firstly, both researchers examined all the

notes taken during interviews separately and completed gaps by listening to the audio

recordings repeatedly, this was done to achieve a level of objectiveness in the analyzing

process. However, a source of error in this stage of the analysis was the fact that the interviews

were conducted in Swedish. This entails that a translation of all important takeaways from

each interview and used quotes has been made. After discussing the initial perceived findings,

we decided to categorize the data into two di↵erent sections by using descriptive coding (Miles,

2014). During this first cycle coding, relevant data pieces from each interview were categorized

as either Business opportunity provided by the information system or as Success factors to

capture business opportunities, thereby categorizing and gathering similar data from all

interviews. Apart from the business opportunities and success factors the interviewee’s role

and experience with the ORBITA Fleet Monitor, OFM, implementation was also coded as well
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as to what degree their work would change with the implementation of OFM. These were then

categorized as None, Low, Moderate or High depending on the level of participation/e↵ect.

Thereafter, the categorized data was examined again during a second cycle of coding in order

to condense the reduced data further into smaller units and thereby finding relevant patterns

(Miles, 2014). In this part of the process, we used an inductive coding approach. That entails

that we did not decide the codes on beforehand, something that would lead to a force-fitting of

the data according to Miles (2014). Instead we examined the data from the interviews again

and coded it by utilizing in vivo coding, namely using a word or short phrase taken from the

specific section of data (Given, 2008). The data analysis was not conducted in a linear matter,

the in vivo codes were revised several times. Some of the codes were assumed to be too similar

and therefore merged, others were altered so that word would be more presentable. The second

cycle coding was executed separately for each of the descriptive codes generated from the first

cycle coding. The generated codes from both of the cycles are stated below:

Business opportunity provided by the information system: Condition based

maintenance (CBM), communication, contract, cost, downtime, driving, evaluation, life-span,

predictive maintenance (PM), positioning, reactive maintenance (RM), software, time,

troubleshooting.

Success factors to capture business opportunities: Analytic-competence,

communication, inclusion, IT-competence, multi-competence, OFM group, patience, prioritize,

procedures, responsibilities, support, target, training, troubleshooting-competence,

vehicle-competence.

After reducing the data and making it more comprehensive it was inserted in Excel with the

aim to visualize it. All the retrieved codes were added in two di↵erent sheets depending on

their first cycle code association. Thereafter, the data was sorted on the frequency of the

mentioning of each specific in vivo code. By doing this, we were able to visualize which

business opportunities and success factors were the most important and easily accessible

according to the interviewees. By interviewing employees from di↵erent companies, levels, and

roles we were able to obtain a more objective view of which the di↵erent business opportunities

and success factors were from di↵erent perspectives. Thereafter, the three top codes in each

category were selected together with a number of runner-ups. These areas are discussed,

presented with exemplifying quotes and supported with observations and archival data in

chapter 6. One can argue that there is uncertainty in trying to quantify qualitative data from

interviews, especially in our case with the limited amount of participants. However, the

judgement was made that in order to better draw conclusions and visualize the results from

the qualitative data a quantification was inevitable and has thus been found to be justifiable.
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5.4 Generalizability
The quality of a research can be assessed and ensured by observing how well it fulfills the four

di↵erent criteria consisting of internal validity, construct validity, reliability, and

generalizability, also referred to as external validity (Yin, 2009). In the previous sections of

this chapter we have regularly presented and argued for how we have conducted the research

with the aim to achieve high-quality research. However, the chosen method of conducting the

research as a case study is particularly often criticized for being unscientific. This follows from

the fact that the research focuses on a single or very few examples, which makes claims and

conclusions di�cult to generalize in other situations (Yin, 2009). For case studies

generalizability is therefore often emphasized at the expense of the two more fundamental

quality measures of validity and construct validity (Gibbert et al., 2008). The following

discussion will therefore focus on generalizability and the research strategies that have been

applied to enhance rigor.

Generalizability describes the extent to which research findings can be applied to other

settings than the one in which it was originally studied (Gibbert et al., 2008). The limited

sample of a single-case study does not allow for statistical generalization, meaning the ability

to infer conclusions about a population. Instead case studies rely more heavily on analytical

generalization, which is obtained by expanding and generalizing a particular set of results to

some broader theory (Yin, 2009). Analytical generalization thus refers to the generalization

from empirical observations to theory, rather than generalization from one population by

observing other populations. To achieve analytical generalization in a case study, researchers

are proposed to focus on extrapolating the findings with logical reasoning in the discussion

section (Gibbert et al., 2008).

Even though this study has a highly qualitative approach it is thus not ensured that the

results are applicable to other cases with di↵ering characteristics. Further, it has not been

possible to confirm the findings in another setting due to the limited time frame of the

research. The generalizability of the study can thus be said to be low. On the other hand,

formal generalization as a source of scientific development has been expressed as being

overvalued. The force of an example is according to Flyvbjerg (2006) underestimated who

instead considers the generalization on the basis of a single-case as possible. In the research

study we have aimed, to the extent possible, to facilitate a more general discussion by viewing

maintenance management and utilization of information systems independent of industry

and/or system characteristics. However, the limitations that follow from the peculiarity of the

case study have been acknowledged and instead focus has been to achieve a high-quality

research by performing a well conducted and well-described case study.
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5.5 Ethical Considerations
During the whole course of the conducted research we have tried to constantly be aware of

di↵erent ethical considerations, in order to produce a substantial work based on principles of

integrity. The data collection, data analysis, and presentation of the findings, have been done

in accordance with recommendations from both the Swedish Research Council (2017), as well

as The European Code of Conduct for Research Integrity by ALLEA (2017). From the latter,

we have tried to consider their four stated principles; reliability, honesty, respect, and

accountability, in all parts of the research.

All the collected data has been gathered in a shared database to which only we as researchers

had access to, and the data has also only been handled by us. During the data collection we

have informed all the participants, both during interviews, and employees during informal

discussions, about the purpose of the research. All the interviewees were asked for permission

before audio recording the interview and were ensured to know that the material would only

be handled by us. They were also o↵ered the opportunity to read through the final report

prior to its publication and therefore given the chance to edit any eventual misinterpretations.

In terms of confidentiality, all the participants’ names have been left out from the report and

in case of exposing roles the title has been altered to a more homogeneous one. However, just

as Baez (2002) argues, trust is more e�cient than confidentiality when trying to have an

honest discussion. Therefore, instead of only focusing on confidentiality, we have tried to treat

the participants with respect and honesty in order to gain their trust, and thereafter treated

their responses with confidentiality.
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5.6 Chapter Summary
This research has been conducted in collaboration with MTR Tech as a part of their Röda

linjens uppgradering, RLU, project, where new metro cars and an appurtenant information

system will be introduced. Due to the lack of similar initiatives in the Swedish railway sector

and the novelty of the subject matter the research has been conducted as a single-case study.

An inductive research approach has been utilized. The identified problem has served as a basis

for the empirical study and theory has been used to develop a better understanding of the

findings. The research consisted of two parts, a pre-study and a main-study. The pre-study

aimed to familiarize ourselves with the company, the research subject and potential literature

sources. The pre-study was followed by a main study where a thorough literature review was

conducted on the topic followed by a data collection in the form of semi-structured interviews,

observations and archival data and documents.

Due to the explorative nature of the research the choice was made to utilize a qualitative data

collection. The exploitation of triangulation was facilitated by using a combination of multiple

data collection methods. The utilized data sources include previous research, interviews,

observations and archival data. Due to the choice of making the study relevant for a wider

audience, the literature review was conducted on the wide topics of maintenance management

and information systems. Further, either unstructured or semi-structured interviews were

conducted with stakeholders from MTR and Trafikförvaltningen. In addition to interviews,

di↵erent observations have been made as well as a review of di↵erent archival data provided by

the case company. The data analysis focused mainly on the conducted interviews and thereafter

supporting the findings with the observations made and the evaluations of the archival data and

documents.

Due to the limited sample of a single-case study, which does not allow for statistical

generalization, the generalizability of the study can be said to be low. However, the aim of

making the thesis applicable for a wider audience contributes to the attempt of increasing the

generalizability. Furthermore, di↵erent ethical considerations and recommendations from The

European Code of Conduct for Research Integrity ALLEA (2017) and the Swedish Research

Council (2017) have been contemplated on during the whole study.
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6 Findings and Analysis
In this chapter the findings and analysis based on the empirical data collected during the

interviews, observations and the internal documentation are presented. The chapter starts o↵

with describing and illustrating the current vehicle maintenance and depot operation of MTR

Tech. This is followed by a description and analysis of the improvements that can potentially be

achieved from the utilization of the information system ORBITA Fleet Monitor, OFM, and the

chapter is finished o↵ with describing and analyzing the success factors needed to capture them.

6.1 Vehicle Maintenance and Depot Operation
Through interviews, observations and examination of documents a mapping of the current

workstream has been made. The result is shown below in Figure 9 and despite the existence of

several depots, the depot operation is similar to a high extent. The maintenance work is

divided into two categories, faults that occur in tra�c are classified as reactive maintenance,

RM, and maintenance work that is already scheduled falls into the category of preventive

maintenance, PM.

Figure 9: Workstream of vehicle maintenance and systems used.

In the morning the trains are washed internally and externally and ready for call-out. When

the trains are operating in tra�c defects might occur, the reparation of these defects is

classified as reactive maintenance. When a fault occurs, illustrated with a red circle in Figure

9, the driver contacts Trafikledningscentralen, TLC, which in turn tells the driver how to act

and the defect is reported into Compass, a system that gathers all the vehicle and track

happenings while the train is in tra�c. The report into Compass is illustrated with a blue

dashed line in Figure 9. If a repairer is available out in tra�c and the reactive maintenance
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task does not need to be carried out in a depot, the vehicle is repaired when in operation. The

vehicle is confirmed to be ready for tra�c again, illustrated with a green circle in Figure 9.

Otherwise, the vehicle is brought out from tra�c and into the depot for servicing.

In the depot the supervisor prints out a job order from the system Maximo, which is a solution

provided by IBM for managing physical assets. The print of a job order from Maximo is

illustrated with a blue dashed line in Figure 9. The job order describes what kind of defect has

occurred, how to repair it, which tools are needed and how long time the reparation should

take. The supervisor then decides the job order’s priority in relation to other incoming job

orders in Maximo. If it is a critical defect and an adequate repairer is available as well as the

needed material, the maintenance work is executed. If the defect is not safety critical and

cannot be repaired due to lack of resources, the maintenance can be deferred to the next best

period with less maintenance load.

Often, it is not clear what has caused the break-down of the vehicle. In such cases, a

troubleshooting process is carried out either by the repairer or a troubleshooting expert, the

latter is involved in more complex troubleshooting. The potential step of troubleshooting is

illustrated with a red dashed line in Figure 9. After finishing the reparation, the repairer

reports the work performed and the time spent. However, Group Leader A (2019a) disclosed

that the documentation is sometimes not carried out according to the set procedures. Group

Leader A (2019a) described that there have been occurrences where the repairers have acted

negligent when reporting what kind of defect they have repaired and how long it took. Due to

the fact that they sometimes report during the end of the work shift and not directly after

performing a maintenance task, they might have obliterated the actual time it took. Therefore,

the data registered on the maintenance activities could deviate from reality. When the repairer

is finished the shunter puts the train back together, does a delivery control and confirms that

the train is ready for tra�c.

The preventive maintenance, illustrated with a red circle in Figure 9, is executed based on

time and mileage and controlled by a general main plan decided by the strategic planners. The

general main plan is thereafter divided into depot level and lastly into shift level. The main

plan determines the amount of maintenance work to be done each week by every depot.

However, which exact tasks are to be done is decided by the depot planner. The aim is to have

a dynamic planning and to distribute the maintenance load evenly throughout the year and

between depots. An additional advantage with a dynamic main plan is the possibility to better

plan purchase and stock levels of spare parts. When a vehicle is brought to the depot for

preventive maintenance, unforeseen defects might be identified. These are classified as reactive

maintenance and are as described above depending on resources either deferred or performed

in conjunction with the preventive maintenance. The potential step of executing reactive
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maintenance during preventive maintenance is illustrated with a red dashed line in Figure 9.

Finally, when the defects are repaired, just as in the reactive maintenance work stream, the

train is put back together and confirmed ready for tra�c by the shunter.

As stated above, the maintenance work is divided into two categories. Faults that occur in

tra�c are allocated as reactive maintenance. Maintenance work that is already scheduled, is

consequently allocated as preventive maintenance and executed based on time and mileage.

The maintenance work has shown to be insu�cient in some parts of the process, which could

be improved.

6.2 Business Opportunities from OFM
Utilizing the new C30 metro cars together with the ORBITA Fleet Monitor, OFM, information

system provides a business opportunity for MTR Tech to take advantage of. From interviews

with representatives at MTR Tech the di↵erent potential applications and improvements of

the operation followed by utilization of OFM were found. Likewise, representatives from MTR

Nordic and its subsidiaries as well as representatives from Trafikförvaltningen, TF, were asked

to discuss the potential business opportunities provided by OFM from their point of view.

Figure 10: Breakdown of business opportunities to follow from OFM.
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The results from the interviews regarding what the representatives thought to be the main

business opportunities provided by OFM are shown in Figure 10. The three most commonly

mentioned business opportunities are stated below according to their frequency of mention from

highest to lowest:

1. Supporting and/or eliminating the troubleshooting process.

2. Planning and shortening the time to perform reactive maintenance.

3. Monitoring systems and components according to condition-based maintenance.

6.2.1 Supporting the Troubleshooting Process

The most common business opportunity mentioned to follow from ORBITA Fleet Monitor,

OFM, was the ability to perform troubleshooting more e�ciently and e↵ectively as well as

assist in cases of advanced troubleshooting. During times of unknown breakdown or failure,

metro cars are taken to the metro depot for troubleshooting. According to Consultant B

(2019) the root-cause of the failure is often not found so instead components are replaced and

the car is sent back in tra�c with the hope that it will operate normally. This process is

repeated until the problem is fixed or until the metro car is taken out of tra�c and replaced

with another metro car. The reason to this behaviour was thought by Consultant B (2019) to

be the lack of data regarding what has happened, as well as the fact that the troubleshooting

process is time-consuming. Depot Technician A (2019) further explained that the

troubleshooting process took up the majority of the total repair time. For certain systems the

entire repair time could be directed to the troubleshooting process, lasting from hours to days

while the repair in itself only takes a couple of minutes (Technical Specialist C, 2019). At the

same time, Group Leader A (2019b) mentioned the lack of troubleshooters in the organization

where the troubleshooting process today has to be planned according to their shift.

Vehicle Manager A (2019), who was referred to by several interviewees as the key person in the

OFM utilization, mentioned the ability to perform troubleshooting as one of the best features

brought forward by OFM. The system makes it possible to clearly and easily find out what has

happened during a specific time. With OFM the root cause of the failure is more likely to be

found according to Consultant B (2019), and the time spent on the troubleshooting process is

thus reduced. Consultant B (2019) at Trafikförvaltningen also highlights the importance of

putting the cost saving in relation to the work e↵ort needed.
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”... it is easier to start with what entails the least work e↵ort. The easiest is to

shorten the time for troubleshooting which requires minimal to moderate work e↵ort

but can provide high payback on troubling vehicles with recurring failure.

Individuals do not need to build their own knowledge about the vehicles, instead the

troubleshooting process is built upon the alerts that are generated in Fleet Monitor.

[...] The entire troubleshooting process becomes di↵erent.”

– Consultant B, Trafikförvaltningen (2019)

During occurrence of advanced failures or intermittent failures OFM enables signals to be

recorded when the vehicle is in tra�c in order to combine vehicle data with environmental

data. The underlying signals to a potential failure can thus be analyzed (Consultant A, 2019).

According to Project Leader B (2019) and Technical Specialist C (2019) this would solve a big

problem that is apparent today, where 33% of all vehicle stops and disturbances go by without

the organization being able to link the failure to a system and instead labelled ”No fault

found”. Both Project Leader B (2019) and Technical Specialist C (2019) believe that if OFM

enables the root-cause of a failure to be found it will be of great assistance. Vehicle Manager A

(2019) explains the recording functionality as following:

”You are able to record signals at regular intervals, which can change the possibilities

for troubleshooting in the case you have a failure you are not sure about, so called

intermittent failure. The vehicle is put in tra�c and you can analyze the failure when

it arises. It is a new troubleshooting opportunity. [...] However, it requires technical

competency to know which signals to record and at which intervals. There are only

two to three people who have this competency in the organization today.”

– Vehicle Manager A, MTR Tech (2019)

To succeed with the business opportunity related to the troubleshooting process the

troubleshooters in the organization will according to Consultant B (2019) need to be educated

in OFM in order to be able to interpret the alerts and make the connection between several

alerts. According to Depot Technician A (2019) at MTR Tech, most of the troubleshooters

today have the IT-knowledge necessary to perform troubleshooting in OFM. As long as they

learn how to extract the data Depot Technician A (2019) believes that they will have no

problem learning how to interpret it. Further, another important aspect to succeed with this is

to make sure that the information about the solution and repair process to the failure found, is

transferred between the organization and not only possessed by a single individual. This since

Consultant B (2019) believes that it can lead to incorrect assumptions which leads to
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over-maintaining assets. Therefore, Depot Technician A (2019) considers that there needs to

be someone who is head responsible for the OFM system and can transmit the same

information to all depots.

6.2.2 Planning Reactive Maintenance

The second most commonly mentioned business opportunity to be gained from ORBITA Fleet

Monitor, OFM, was the possibility to shorten the maintenance and repair time. The majority

of the time can be saved by receiving a more detailed explanation regarding the possible error

and by so decreasing the troubleshooting process as explained above. However, obtaining

information about the car and its position before it enters the metro depot also allows for the

maintenance organization to prepare with the right workforce and the right equipment prior to

the car’s arrival according to both Strategic Planner A (2019) and Group Leader A (2019b).

Project Leader A (2019), another notable key person in the OFM utilization, suspected that

the ability to prepare for incoming failed vehicles would be the biggest advantage provided by

OFM. According to Strategic Planner A (2019) and Consultant B (2019) the result would be

faster reaction time during times of breakdown or failure and thus decrease in time of the

entire maintenance work process. Manager C (2019), further explained it as following:

”Today we often receive a di↵usely described error from TLC where they say that

something is wrong with the train. We take the vehicle into the depot and look for

the actual symptom before we start troubleshooting. In most cases, there is either

a spare part that we need to order, meaning that we need to take the vehicle into

the depot again during a later time, or a specific person that is not available at that

moment, again meaning that we need to postpone the repair for later. If we were

to know beforehand what the problem is with a car we would be able to make sure

to have the right spare parts and the right people in the depot. Thus, the vehicle

downtime would be shorter and the work performed faster.”

– Manager C, MTR Tech (2019)

According to Manager C (2019) logistics problems related to planning like the issues described

above occur at least once every day in the depots. The truck that delivers the spare parts to

the depots departs only once per day from the warehouse at the Hammarby depot, meaning

that in a best-case scenario ordered spare parts arrive to the depot the same day. With OFM,

Manager C (2019) believes that planning of reactive maintenance will be significantly

improved. Depot Technician A (2019) at MTR Tech also mentioned the access to information

early as highly valuable for the group leader in order to be able to plan thereafter. However,

according to Depot Technician A (2019) OFM would not completely solve the issue regarding
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the absence of the right people during a certain failure. Depot Technician A (2019) states that

there is a lack of certain skills in the organization, where there is only a limited amount of

people able to solve them and thus OFM could only help with that to a certain extent.

If the organization succeeds with planning and thus shortening the maintenance and repair

time, Manager B (2019) states that there are huge opportunities to be received. By analyzing

data and learn from the signals that are reported in OFM, the organization will be able to

eventually shift their reactive maintenance activities to predictive maintenance according to

both Project Leader B (2019) and Technical Specialist C (2019). This strategy is also believed

to be more reasonable by Consultant B (2019), since going straight to shifting the entire

maintenance management practice to become predictive maintenance with condition-based

monitoring requires a lot of e↵ort. Consultant B (2019) further states that to instead perform

an e↵ective and e�cient reactive maintenance procedure, and by so shortening the

maintenance time, demands less e↵ort but can also result in a large yield.

6.2.3 Performing Condition-Based Maintenance

The third frequently mentioned business opportunity provided by ORBITA Fleet Monitor,

OFM, according to interviewees from MTR Tech, Trafikförvaltningen and MTR Express, is the

possibility of monitoring systems and components according to condition-based maintenance.

By observing the conditions of the components that have been equipped with measuring

instruments, maintenance can be performed and planned according to actual component

condition (Project Leader A, 2019; Consultant B, 2019). Consultant B (2019) admits that

predictive maintenance demands a great work e↵ort; however, that it does also imply a great

return. If the maintenance of the components is done correctly and in the right time, that

entails not too early and not too late after an actual defect, Group Leader A (2019b) believes

that they can in theory operate an infinite amount of time. Project Leader B (2019), describes

condition-based maintenance as following:

”What is the most interesting, is the condition-based maintenance. To be able to

make predictions, receive indications from a vehicle that something out of the usual

is happening, before a defect arises. [...] The profit of detecting a defect before

reaching reactive maintenance is the best profit possible.”

– Project Leader B, MTR Tech (2019)

The majority of the interviewees state that there is no condition-based maintenance in the

current operation of MTR Tech. However, both Project Leader A (2019) and Project Leader B

(2019) explained that such attempts have been made before on troubling components through
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scheduled inspections, though the attempts have not been continuous nor digitalized.

According to Technical Specialist A (2019) there is a big opportunity to introduce

condition-based maintenance on the C30 cars, and possibly do the same on the C20 cars when

they eventually will get upgraded with OFM. Project Leader B (2019) explains that optimizing

the maintenance of the current C20 cars towards condition-based maintenance has not been a

focus point. Even though inspections might show that components are in a good shape during

the scheduled maintenance it is complicated to prolong the maintenance interval. To achieve

this, management needs to be convinced through proof that the longer lifespan applies to all

components of the same type. Successfully implementing OFM and getting surveillance of the

condition of the components is thus expected to enable the needed proof to be obtained.

Likewise, Strategic Planner B (2019) emphasizes that by utilizing OFM in order to achieve

condition-based maintenance the planning schedule can become more valid by being supported

by analysis of the actual condition of the components. Further, Strategic Planner A (2019)

elaborates on the fact that by fully introducing condition-based maintenance it is possible to

optimize the maintenance intervals and only initiate maintenance tasks when it is needed. The

decision-making process regarding if a maintenance activity can be deferred or if it needs to be

done immediately can be facilitated. As a result, maintenance activities can to larger extent be

gathered to one occasion, minimizing the amount of times the car is taken out of tra�c and

smoothening the planning horizon (Consultant A, 2019). However, Technical Specialist C

(2019) states that there exists a trade-o↵ between the cost saving achieved from increasing the

maintenance intervals and coupling maintenance activities, and the likelihood of it suddenly

breaking down and giving rise to a long downtime during a critical time.

In order to achieve an accurate condition-based maintenance it is vital to let the components

operate a while before starting the analysis. The cars need to mature in exchange for finding

the failure rate and the correct signals and measuring levels to classify a component’s

condition as faulty. Some of the defects might be linked to the tracks, and it is according to

Consultant B (2019) important to not focus on all the components simultaneously, rather

prioritizing. Consultant A (2019) also states that the risk of over-maintaining in the beginning

can also be minimized or eliminated through prioritization. Another success factor for

achieving the utilization of condition-based maintenance is implementing procedures that are

accepted and continuously used by the whole organization. If the data collected by OFM is not

analyzed, Vehicle Manager B (2019) does not believe that it will be possible to set up a

successful condition-based maintenance. Besides under-utilized data, another risk factor

mentioned by Consultant B (2019) is the lack of conviction from management that

condition-based maintenance is worth pursuing. Further, Project Leader A (2019) views

condition-based maintenance as a possibility that might not be reachable in the near future,

despite OFM supporting and enabling the possibility.
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6.2.4 Other Opportunities with OFM

Other opportunities that would come along with ORBITA Fleet Monitor, OFM, but that would

not change the core of how business is done today, were also repeatedly mentioned and are

described below.

Facilitate Communication between Stakeholders
First and foremost, OFM was believed to facilitate the communication between the di↵erent

parties. Both Vehicle Manager A (2019) and Manager C (2019) expressed the communication

today as demanding with di↵use failure descriptions and misunderstandings between TLC and

the driver as well as between TLC and MTR Tech.

”The driver is driving the vehicle and receives an error message on his screen forcing

him to stop. He contacts TLC, who cannot see what has happened on the vehicle and

explains the error message. TLC might need to look up the error in a manual before

explaining to the driver what he should do. With Fleet Monitor, TLC can directly

access the same information and with more accuracy tell the driver what he should

do. There are a lot of savings to be made from quickly helping the driver to get out

of the situation.”

– Vehicle Manager A, MTR Tech (2019)

By accessing OFM the need for communication in the sense as described above is thus eliminated

according to Vehicle Manager A (2019). Project Leader A (2019) also believes that the system

will enable every stakeholder to be able to easily access and see the same information about

the vehicle. This is further supported by Technical Specialist A (2019) who believes that when

it comes to handling of car problems, OFM can give access to the current train state without

having to resort to the possible miscommunications of a driver report or delays by having to

make a manual outtake of that information. Technical Specialist A (2019) thus believes that

this is the biggest immediate gain from OFM.

Provide Basis for Discussion
Except for facilitating communication in order to save time, OFM was also believed to provide

basis for discussion about responsibility. Thus, releasing the stakeholders from discussions

about who did what and who is responsible for the occurred failure. OFM makes it possible to

easily extract information about events that have occurred during a certain time and directly

link them to who is responsible with data as basis. Thus, discussions regarding the origin and

responsibility of a failure can according to Vehicle Manager A (2019) to a large extent be
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eliminated.

”When we sit and look at data afterwards [...] everyone sees the same data on their

screens, so they do not need to trust what I am saying but can instead see it for

themselves. [...] In this way we will be able to avoid discussions about who did what

and who did wrong. As it is today, every time we have a discussion with MTR

Tunnelbanan, our partner, and we have lost the data file we are the ones who become

responsible for the failure. Now it becomes clear who is actually responsible since

data is available.”

– Vehicle Manager A, MTR Tech (2019)

Further, OFM was also mentioned by several interviewees as a tool to be used as basis for

discussion about warranty between MTR Tech and Bombardier Transportation, BT. In the

beginning Consultant A (2019) states that the vehicles will most likely have failures that the

supplier will have to fix. OFM will not primarily find quality deficiencies that falls under MTR

Tech, but instead first and foremost warranty failure that BT are responsible for. BT will

therefore have incentives to use OFM in the best possible way to locate failures and prevent

them from happening according to Vehicle Manager A (2019). Technical Specialist B (2019)

summarized it as following:

”During the first two years we will have warranty on the vehicles. I know that

there will be discussions with Bombardier if a failure is our responsibility or if it is

Bombardier’s responsibility and thus falls under the warranty. Fleet Monitor acts

as a great basis for these discussions. [...] every component has its own warranty

specifications. If there is a problem with the component it will be BT’s fault and if

it is a problem that is linked to the maintenance or operation it will be MTR Tech’s

fault.”

– Technical Specialist B, MTR Tech (2019)

Assess Driving Behavior
Another opportunity that was brought up as useful by Manager A (2019) was the possibility to

extract data about the drivers’ behavior and how it a↵ects the vehicle’s status. With OFM

driving behaviors that are energy e�cient can be interpreted and used as basis to coach drivers

(Project Leader A, 2019). Manager B (2019) also highlighted the importance for this

functionality in Stockholm where there are human drivers operating the vehicles compared to

other modern cities which have systems in place that enable unattended train operation.
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”Basic calculations like energy and kilometers can easily be extracted from Fleet

Monitor. For example, for eco driving. The metro system in Stockholm is highly

dependent on the driver. A driver that drives the vehicle erratically will give rise

to high energy consumption and vice versa. While in a modern metro there is a

computer that is driving softly and energy e�ciently. Eco driving will not substitute

the need of a driver but can be used to give feedback where it compares the driver’s

driving behavior with his colleagues on the same metro line or used as a basis for

bonuses. [...] Such simple functionalities are also very useful and does not demand

fancy technology to be exploited.”

– Manager B, MTR Tech (2019)

As depicted above there are multiple valuable utilizations of an information system for a

maintenance organization. In the case of MTR Tech, the most frequently mentioned business

opportunities by the employees were supporting troubleshooting, planning reactive

maintenance and performing condition-based maintenance. During interviews it was also

disclosed that most of the interviewees from MTR Tech had none to low participation level

and/or experience with the system or even the Röda linjens uppgradering, RLU, project as a

whole. Further, most interviewees perceived that their role and work tasks would not change

with the introduction of the OFM system. However, from observations it was evident that all

interviewees depicted vast knowledge and experience about the maintenance operation. Their

thoughts and suspicions of how OFM would potentially change the organization and the way

of working are thus estimated as valuable and the findings are justifiable.

6.3 Capturing the Business Opportunities
The above stated business opportunities are achievable by MTR Tech through a successful

implementation and utilization of the information system ORBITA Fleet Monitor, OFM. When

asked regarding how the business opportunities can be captured in practice, the interviewees

referred to several key success factors. Despite their role, involvement in the OFM project or

the degree of how much their current work would be a↵ected by OFM, all the interviewees had

ideas on how to capture the probable business opportunities.
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Figure 11: Breakdown of success factors needed to capture business opportunities.

After analyzing, labeling and ranking the results as seen in Figure 11, three main success factors

were identified and are mentioned below:

1. Project group dedicated to OFM.

2. Clear procedures.

3. Personnel with adequate competence.

Below follows an elaboration upon the three main factors for capturing the business opportunities

provided by OFM, as well as a description of other mentioned success factors.

6.3.1 Project Group Dedicated to OFM

The most mentioned opinion on what needs to be in place in order to succeed with the

implementation of ORBITA Fleet Monitor, OFM, was the creation of a project group with the

assigned task of monitoring and managing the OFM system. This success factor was

repeatedly mentioned by the majority of the employees, regardless if they were a part of MTR

Tech, MTR Nordic, MTR Express or Trafikförvaltningen. The aim of the project group would

mainly be to monitor the vehicles and the data provided by OFM. Manager A (2019) is of the

opinion that, the group would need to analyze the data, create triggering alerts and be able to

troubleshoot the undetectable defects.
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A recurrent opinion was that the project group needs to be constituted by a larger group, one

person will not su�ce. The competences and roles that need to be present are several.

Manager B (2019) pointed out the current key persons to be himself, Vehicle Manager B and

Project Leader A. However, Manager B (2019) also stated that there is a need of more software

specialists in order to establish readiness in back-o�ce. Aside from IT-knowledge, Consultant

B (2019) said that there is also a need of vehicle knowledge and economic understanding, thus

enabling a greater capture of the di↵erent business opportunities. The great need of specialists

in advanced troubleshooting in the project group was also frequently emphasized.

A question where the interviewees had divided opinions, was whether the potential project

group should be established within MTR Tech or if the responsibility should be divided into

several companies within MTR Nordic. Vehicle Manager B (2019) and Depot Technician A

(2019) expressed the assumption that one or two persons from MTR Tech need to be involved

in the monitoring and utilization of OFM full-time. Depot Technician A (2019) further

explained that the overall responsibility might be delegated to someone in the Hammarby

depot, who currently is a vehicle manager and therefore has su�cient knowledge. On the other

hand, Manager A (2019) believes that the potential project group needs to be initiated outside

of MTR Tech in order to enable a better recruitment process, but also make use of the key

persons outside of the OFM project. Manager A (2019) is of the following opinion:

”It will be an important discussion for the management [...] To be able to make

correct analysis you have to know the maintenance operation, but to be able to

make skilled analysis you need to have deep analysis knowledge. It might be di�cult

for MTR Tech to find the right person and hire him or her full-time to only work

with Fleet Monitor at MTR Tech. [...] Therefore we need to examine which roles

are needed in a potential Fleet Monitor team [...] and what is sensible to have at

management level? You can hire one data analyst, one database specialist, and they

might work 25-50% on Fleet Monitor, but also with other systems. MTR Tech can

contribute with the maintenance perspective and be the specifier, but MTR Tech

might be too small to carry all the heavy recruitments by themselves.”

– Manager A, MTR Nordic (2019)

Despite the di↵erent opinions on where to establish the project group, numerous of the

interviewees pointed out the importance of mapping out which roles are needed and thereafter

position them in the right place. Furthermore, Depot Technician A (2019) emphasized the

importance of having evident and distinct roles with clear accountability. According to
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Manager A (2019) it is also important to bear in mind that the communication and

collaboration between the project group and the rest of the organization needs to operate

smoothly.

6.3.2 Creating Clear Procedures

If the implementation of ORBITA Fleet Monitor, OFM, is done successfully in the

organization and specifically in the new depot in Norsborg, Vehicle Manager A (2019) states

that MTR Tech will be able to utilize the same processes for the potential implementation of

OFM in the other depots. Project Leader A (2019) states that despite knowing that changes

need to be made, MTR Tech still needs to figure out how the organization and di↵erent

processes should be designed. Both Depot Technician A (2019) and Vehicle Manager A (2019)

emphasized the importance of distributing the responsibilities but also having someone capable

of sharing the processes and information between the di↵erent depots. Vehicle Manager A

(2019), with previous experience in implementing and utilizing a system similar to OFM,

further expressed that a key point in succeeding with projects of this type is to enforce clear

procedures:

”Have a good procedure where the system and the data Fleet Monitor provides are

utilized in a good way. Processes and clear responsibilities need to be in place. With

clear responsibilities I mean that even if Fleet Monitor specialists are hired, it is up

to them to actually use the data for the purpose of for instance troubleshooting [...]

Everything depends on the interest and decision of the management, but it can be

stated that clear responsibilities of who utilizes the data and in what purpose are very

important.”

– Vehicle Manager B, MTR Express (2019)

Just as discussed in the previous section 6.3.1 the processes are dependent on the decision

of whether the OFM project group will be established internally at MTR Tech or not. If

everything is founded at MTR Tech it will be di�cult to share the knowledge and processes

with the other subsidiaries within MTR Nordic. According to Manager A (2019), by having the

knowledge centrally gathered it becomes easier to distribute it evenly throughout the companies.

Another important factor that Vehicle Manager A (2019) describes is to look over the procedures

continuously after establishing them, gather feedback from the involved employees and update

the system and the procedures. Vehicle Manager A (2019) accentuates that the feedback loop

is particularly important when it comes to false alerts, namely when the system indicates that

a fault has occurred without a proper defect actually arising. It is crucial that the false alerts

are investigated, the system altered, and the processes improved. Further, Strategic Planner A
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(2019) argues that it is also critical and essential to revise the processes of how the knowledge

is documented and transmitted in the organization when key employees leave their positions.

6.3.3 Personnel with Adequate Competence

Up until now MTR Tech have operated in an environment characterized by conventional

maintenance practices. There has been no need of employees with advanced digital

competencies, since there has previously only been limited data to analyze. However, with the

introduction of ORBITA Fleet Monitor, OFM, in the organization the conditions will change.

Consultant B (2019) states that even though there already exists knowledge about how to fix

the di↵erent possible defects that might occur on the vehicle, OFM and the C30 cars bring

with them a technological interface and additionally, new defects might occur. Consultant A

(2019) from Trafikförvaltningen, TF, described the OFM system and the competence needed

to manage the information system as following:

”Fleet Monitor is an unusually complex system seen through the user perspective [...]

In total it is a lot to learn, so it is required that several persons at MTR Tech need

to learn the system [...] You really need to have an understanding of the system,

that implies the vehicle and what you can achieve with the vehicle by utilizing Fleet

Monitor. Further, the persons who will conduct the analysis to construct the decision

rules, will need to be able to make statistical analysis and that might not be MTR

Tech’s main strength.”

– Consultant A, Trafikförvaltningen (2019)

Similarly, to Consultant A (2019), several of the interviewees emphasized the need of

employees with a multi-competence. Manager C (2019) is of the opinion that IT-knowledge is

essential since the new vehicles will obtain much more software than the current vehicles.

Besides having the IT-knowledge of handling OFM, it is crucial to possess a vehicle knowledge

in order to link the information system with the new C30 cars. Project Leader A (2019) and

Manager A (2019) both disclose that by grasping the vehicles, signals and maintenance

systems, just like the current repairers and depot technicians do, it becomes easier to

comprehend the data provided by OFM and do the needed analysis. However, Manager B

(2019) does not view the requirements as problematic. Instead, Manager B (2019) argued that

the area of digitized maintenance is very popular, and there are plenty of capable and

interested persons with both competencies on the market. When it comes to the current

employees of MTR Tech and their technical abilities, Manager C (2019) has an ambiguous

view on the matter. Manager C (2019) also discussed the fact that the technical maturity

among the employees varies greatly. According to Manager C (2019) some are very
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comfortable with new technologies, while others struggle with the simple task of reporting

their working hours. It can be stated that a generational turnover has commenced.

Besides finding and educating new personnel, MTR Tech will also have to develop the

requirements for existing positions. Manager C (2019) is of the opinion that the current

operation of troubleshooting needs to be expanded. As stated before, Depot Technician A

(2019) argues that many of the troubleshooters present in the organization today do have the

IT-knowledge required to manage OFM and interpret the data. However, they do need

training in how to extract the data. In addition to teaching the existing troubleshooters, there

is as mentioned lack of troubleshooters in the organization today. Group Leader A (2019a)

describes that since the faults of the vehicles might vary, often planning has to be done on

when a troubleshooter needs to be present. Strategic Planner A (2019) also accentuates the

issue of individuals possessing a specific knowledge and are therefore the only ones able to

perform a type of maintenance task. This implies that there is a need of improving the

knowledge sharing in the organization.

6.3.4 Other Success Factors

Except from the three most frequently mentioned success factors from the interviewees that are

stated in previous section, other important success factors were also discussed. However, the

unanimity was at a lower extent and a distinction has therefore been made.

Choosing and Prioritizing Systems and Equipment
Implementing and capturing all the possible business opportunities from ORBITA Fleet Monitor,

OFM, is a long-term undertaking that will take a vast amount of time. Consultant B (2019)

therefore believes that it is important not to rush it through and also realize that OFM will

not solve the existing problems, only demonstrate them in another way. Previous projects

within MTR Tech have failed due to a high level of ambition and wanting to succeed with

everything simultaneously. Consultant B (2019) and Strategic Planner B (2019) both state that

in the beginning stages of utilization it is beneficial to focus on signals from a subsystem or

components that demonstrates high failure rates and has the tendency to lead to downtime of

the operation, as well as failures that are safety related. Technical Specialist C (2019) describes

that by deciding which data is needed to be extracted from OFM and which systems to focus on

as early as possible in the process might be cost-e�cient, since making changes later on entails

large expenses. While Vehicle Manager A (2019) argued the importance of not extracting too

much data at one time in order to adapt the organization slow and steady. Further, Manager A

(2019) stated that it is important to save all possible data regardless of the cost. Thus, enabling

future analysis on all vehicle systems and components.
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Communication Channels and Knowledge Sharing
Irrespective of which business opportunity is to be captured, it was found from interviews that

the way of communicating and the knowledge sharing process are of big importance.

Consultant B (2019) describes the current maintenance operation as dependent on the

knowledge possessed by the individual repairers and troubleshooters. There is no standardized

way of communicating and sharing the knowledge. According to Consultant B (2019) this will

become a big problem with the introduction of ORBITA Fleet Monitor, OFM, where the

decision process in the information system is vital. It will become important to, for instance,

share the knowledge of how a specific fault code needs to be handled and centralize the

knowledge so that all concerned parties have the same decision basis. Consultant B (2019)

described the issue as following:

”Not everyone needs to create their own knowledge, instead one should transfer it,

so the knowledge is not attached to one single individual. The issues arise when the

knowledge is retained in individuals and not in the organization. Decisions might be

made based on inaccurate assumptions, which might lead to excessive maintenance.”

– Consultant B, Trafikförvaltningen (2019)

Furthermore, Manager B (2019) stated that the communication within MTR Tech’s di↵erent

functions could be modernized. Seeing that the C30 cars will be wirelessly connected and are

able to transmit real-time data concerning the components onboard, it is possible to let more

employees monitor the system. One might imagine having an operation center where it is

possible to observe how the fleet is behaving and receive faster feedback. A scaled monitor

view of OFM that is accessible to all the ones responsible and interested was also expressed as

a possibility (Manager B, 2019).

Manager C (2019) states that even though MTR Tech might lack previous experience of similar

systems to OFM, they should not fear and be stuck in a rut. Consultant A (2019) believes

that it will be required for all the involved employees to undergo training and thoroughly learn

how to best utilize OFM. Both Consultant A (2019) and Vehicle Manager A (2019) are of the

opinion that MTR Tech will have a lot to learn from Bombardier Transportation, BT, the

suppliers of the OFM system. Since BT have a lot of previous knowledge regarding similar

systems, Consultant A (2019) believes that they might be generous with the knowledge

sharing. Vehicle Manager A (2019) is of the same opinion and further debates that BT will

also be a part of the implementation of OFM and the set-up of alarms. Thus, MTR Tech will

be able to observe how BT acts and take advantage of their knowledge.
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The three main success factors needed to capture the business opportunities are thus, a project

group dedicated to the information system OFM, the creation of clear procedures and

personnel with adequate competence. Other mentioned success factors by the interviewees are

the prioritization of systems and equipment, as well as the importance of communication

channels and information sharing. There are thus, multiple aspects that need to be considered

in order to successfully implement an information system in a maintenance organization.
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6.4 Chapter Summary
In the studied maintenance organization, the maintenance work is divided into two categories.

Faults that occur in tra�c are allocated as reactive maintenance. Maintenance work that is

already scheduled, is consequently allocated as preventive maintenance and executed based on

time and mileage. During times of breakdown in tra�c the failure is either classified as critical

and if an adequate repairer and material is available the maintenance work is executed. If the

defect is not critical or cannot be repaired due to lack of resources, the maintenance is deferred.

By investing in an information system, the current workstream of the studied maintenance

organization is not expected to change. However, the information system is anticipated to aid

the di↵erent processes in the workstream and by doing so increase the e↵ectivity and e�ciency

of the maintenance activities.

From the interviews three business opportunities were identified to follow from the information

system. Most frequently mentioned was the ability to support the troubleshooting process by

clearly and easily finding out what has happened during a specific time. The likelihood of

detecting failures was said to increase and the time spent on troubleshooting reduced. The

second most commonly mentioned business opportunity to be gained is the possibility to shorten

the reactive maintenance time. The majority of the time spent on reactive maintenance was

found to be saved by decreasing time spent troubleshooting. Further, obtaining information

about the vehicle and its position before it enters the metro depot was said to allow for the

organization to prepare with the right workforce and the right equipment. Lastly, the studied

organization believed that the information system could enable condition-based maintenance.

By observing the conditions of the components and systems, maintenance can be performed and

planned according to actual component condition.

The above stated business opportunities are achievable through a successful implementation and

utilization of the information system. Interviews disclosed that the three main success factors

needed to enable the opportunities are; a project group dedicated to the information system,

creation of clear procedures and personnel with adequate competence. Establishing a project

group will require a matching of several competences and roles. Persons with IT-knowledge,

vehicle knowledge and economic understanding need to be included. The creation of clear

procedures is essential since if the implementation of the information system is done

successfully in one depot it will be possible to copy the process to the other depots. The

importance of establishing clear procedures regarding information sharing is emphasized, as

well as updating the procedures through the feedback given by the employees. Having personnel

with adequate competence is a novel issue that is related to the digital transformation that the

introduction of the information system will entail. With the introduction of data in the

maintenance organization digital competencies have become essential.
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7 Discussion
This chapter provides a discussion concerning business opportunities based on statements and

observations obtained from the studied organization and related literature. Thereafter, the

success factors that were found necessary for supporting the business opportunities are

elaborated on together with the challenges they aim to mitigate. The chapter ends with a

discussion concerning the di↵erent aspects related to digitization to further enlighten the reader

about the opportunities as well as the risks with digitalization.

7.1 Introduction to Discussion
The objective of the thesis is to explore the opportunities for a maintenance management

operation to utilize an information system. In the thesis the maintenance company MTR Tech

and their current project, that includes the implementation and utilization of an information

system, have been used as a case study to explore the relationship between the two research

areas. Following that the thesis is based on a single-case during a limited period of time there

are some obvious limitations related to the generalizability of the study. Further, research

combining the two areas, consisting of maintenance management and information systems, has

been limited. This has restricted our study and required for us as researchers to find a link

between the areas in order to create a theoretical ground on which to support our findings.

The thesis has from the beginning aimed to incorporate a wider view on maintenance

management and maintenance organizations independent of the industry they belong to. The

same applies to the information system that the case study addresses. The functionalities and

specifications of the information system have not been specified more than the most basic

characteristics in an attempt to make the results applicable to a wider range of systems. At

the same time, MTR Tech is the second largest maintenance company in Sweden and is

contracted by Trafikförvaltningen to operate and maintain their metro car assets which

increases the validity of the results. It is therefore plausible that the findings followed from the

case of MTR Tech are relevant and applicable to other global maintenance companies as well.

7.2 Business Opportunities to be Captured
Through interviews it was found that there are mainly three business opportunities that a

maintenance organization can acquire through an information system that utilizes real-time

asset data. The three opportunities are: supporting troubleshooting, planning reactive

maintenance and performing condition-based maintenance. Enabling each of these strategies

with the information system will require di↵erent work e↵orts and as a result yield di↵erent
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rewards. Below follows a discussion concerning each business opportunity based on statements

and observations obtained from the studied organization and related literature.

7.2.1 Troubleshooting: Low Effort and Low Reward

The main objective of maintenance was said to be to ensure smooth operation of equipment

while at the same time keeping costs down (Haroun and Du↵uaa, 2009; Younus et al., 2016).

To minimize the total maintenance cost the organization can reduce repair cost and inventory

cost as well as minimize idle time of repair time and loss of operating time (Kumar and

Kumar, 2018). By performing the troubleshooting process more e�ciently and e↵ectively as

well as assist in cases of advanced troubleshooting the idle time of repair time and loss of

operating time are expected to decrease, which in turn will reduce the maintenance cost. In

the studied organization it was found that one third of all vehicle stops and disturbances today

cannot be linked to a specific system as well as that the troubleshooting process constitutes

the majority of the total repair time. There is thus a great need of assistance in the current

troubleshooting operation in order to reduce time and cost of maintenance operation.

By utilizing an information system, decisions about troubling vehicles becomes data-driven

and does not require human interpretation to the same extent. This will facilitate as well as

increase the accuracy during system classifications of vehicle failures. Centralizing the

information about the vehicles also enables the problem-solving knowledge to shift from the

individual technician to the broader maintenance organization. This allows for a better degree

of e�ciency and utilization of the workforce, while at the same time reducing the need for

advanced troubleshooters, which there were said to be a lack of. In order for the studied

organization to support the troubleshooting process with the help of the information system

they will need to teach their workforce how to extract data. Our findings also disclosed that

there is a need to build interpretation capabilities in order for the workforce to be able to make

connection between alerts. It is thus not expected to require much work e↵ort to enable

improvement of the troubleshooting process compared to other opportunities. However,

consequently the advantages gained are limited compared to the other business opportunities

mentioned, which are expected to generate more value for the organization.

7.2.2 Reactive Maintenance: Moderate Effort and Moderate Reward

Improving the troubleshooting process is expected to reduce the maintenance cost and as a

result get closer to fulfilling the objective of maintenance, which is to minimize operation

disruptions and costs (Haroun and Du↵uaa, 2009; Younus et al., 2016). However, in order to

minimize the total maintenance cost Kumar and Kumar (2018) also stated the need for

reductions of the repair cost and the inventory cost. To do so the organization will, according

to Younus et al. (2016), need to organize their maintenance activities accordingly. The
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maintenance activities necessary include planning and scheduling of maintenance activities as

well as usage of material and spare parts (Ben-Daya et al., 2009). By utilizing an information

system to aid with reactive maintenance activities the studied organization is expected to

improve planning of reactive maintenance as well as the use of material and spare parts, and as

a result reduce repair and inventory cost. From the findings it is evident that the studied

organization has much to gain from improving the planning of reactive maintenance. It is not

only expected to reduce repair cost and inventory cost but will also shorten the repair time

and thus reduce the loss of operating time.

Interviews disclosed that the majority of the time during performance of reactive maintenance

can be saved by improving the troubleshooting process. To enable better planning of reactive

maintenance the business opportunity entailing the troubleshooting process can thus be said to

be needed to be fulfilled regardless. By succeeding with the implementation and utilization of

the information system to assist the troubleshooting process the majority of the work e↵ort

needed to enable better planning of reactive maintenance is expected to be completed. At the

same time as improving reactive maintenance is a business opportunity that is anticipated to

entail a higher payback for the organization. Faster reaction time during times of breakdown

or failure will decrease the time of the entire maintenance work process as well as loss of

operating time and consequently result in reducing the total maintenance cost.

As brought up during the interviews, the use of the information system to better plan reactive

maintenance can also be seen as a learning period to eventually shift some of the reactive

maintenance activities to become predictive maintenance with condition-based maintenance. It

is unreasonable to believe that the entire maintenance work will immediately be based on a

predictive maintenance strategy since it is estimated to require a large work e↵ort. At the

same time, Narayan (2012) supports the use of reactive strategies during appropriate

situations since reactive maintenance tend to be less expensive than preventive maintenance,

especially when the consequences are negligible and the risk low. Thus, there is a motive to

continue with reactive maintenance and consequently improve it. It will entail work e↵ort to

improve the planning of the reactive maintenance but if the organization is successful it can

reduce the total maintenance cost significantly and result in fulfilling the aim of maintenance.

7.2.3 Condition-Based Maintenance: High Effort and High Reward

Despite that the support of the troubleshooting process and better planning of reactive

maintenance are opportunities that can be facilitated with the use of an information system, it

is assumed to not generally be the main objective of such a system. In our case, the

information system ORBITA Fleet Monitor provides the necessary tool-set for the user to

receive, store, plot, view and analyze diagnostic data. The main objective of OFM is to enable
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e↵ective and e�cient condition-based maintenance. With the information system the studied

organization is thus able to transition from reactive and preventive maintenance to a predictive

maintenance strategy. To avoid failures from occurring, by optimizing the maintenance

intervals according to condition-based maintenance, will provide the best possible profit for the

maintenance organization. It can thus be perceived as contradictory that representatives from

the studied organization decide not to mention condition-based maintenance as the main

business opportunity. Nonetheless, even distinct members of the management refer to di↵erent

business opportunities as the primary goal of the system. There is thus a lack of a unanimous

view and expectation from the system. Further, conflicting managerial priorities are supported

by Shea et al. (2017) to lead to impediments among all levels of the organization. It is

therefore not surprising that members of the organization have di↵ering views and opinions at

the same time as it depicts the need for a unanimous management commitment before and

after the implementation.

On the other hand, interviewees stated that the improvement of the troubleshooting process

and the reactive maintenance activities do require less work e↵ort and is therefore more easily

achievable. Although condition-based maintenance would be highly rewarding by reducing loss

of operating time and minimizing costs it requires a large work e↵ort to set up and be utilized

successfully. One might thus argue for that it is more e�cient to implement an operational

change that does not require an implementation e↵ort as large but can still provide a

significant payback. At the beginning the success rate of the other two business opportunities

can therefore be considered to be higher and should thus be of higher priority. After the

components have been operating for a while and the workforce has gotten used to the system

and thus obtained the organizational maturity needed, they can start investigating the

possibilities of condition-based maintenance. Kirby (2000) highlighted the importance for

management to continuously invest in maintenance technologies and best practices in order to

achieve a higher level of productivity. Therefore, despite that the studied organization is

recommended to adjourn condition-based maintenance it is important that it remains as a goal

that is constantly strived towards. This since it is expected to be required in the future to be

highly e↵ective and e�cient to maintain competitiveness, which for the studied organization is

anticipated to be achieved by implementing condition-based maintenance.
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7.3 Challenges and Success Factors
Through interviews it was found that in order to capture the above stated business opportunities

there are primarily three key success factors that need to be in place to mitigate the challenges

that might arise. The three success factors are: a project group dedicated to the implementation

of the information system ORBITA Fleet Monitor, OFM, clearly stated procedures and personnel

with adequate competence. Below follows a discussion based on the mentioned success factors

and the di↵erent challenges that arise with the introduction of a new technical system.

7.3.1 Clear Procedures to Reach Cost and Time Savings

Despite the di↵erent views and opinions among the interviewees about which business

opportunity to pursue they all, in one way or another, expected that the information system

ORBITA Fleet Monitor would reduce breakdowns in tra�c and decrease the overall time spent

handling and maintaining the assets. Thus, in the long run the representatives from the

studied organization had the expectations that OFM would decrease the total maintenance

costs and also increase the customer satisfaction as a result from fewer stops in tra�c.

According to Kirby (2000) it is common for management to have these expectations when

investing in new maintenance technologies. On the other hand, there is a di↵erence between

expecting a result and actually having a plan on how to achieve it. It is in the latter that we

have observed a deficiency in the studied organization. Haroun and Du↵uaa (2009) highlight

that the level of successfulness that the maintenance operation reaches is dependent on the

quality of its leadership and supervision. We can thus debate that it is up to the management

of the studied organization and their responsibility to have a success plan and motivate the

employees towards achieving it and not up to every individual. It should rather be a group

e↵ort supported by clear procedures and instructions given from management.

In order to guarantee that the cost and time saving benefits are seized one of the key success

factors is therefore the creation of clear procedures. One of the main concern areas of the

interviewees was the division of responsibilities and the creation of new procedures after the

implementation of the information system is completed. Even if there is not a clear plan on

which business opportunity is most worthy pursuing at first, there is as mentioned before a

hope that the business opportunity will lead to reduction of costs and idle time. However, to

be able to review the quantified benefits provided by the information system the current

registration process of time spent on repairing assets needs to be revised.

Observations showed that the repairers often registered the time it required to correct a

faulting asset not directly after finishing the task, but at the end of the work day if they

remembered to. The consequence was thus either missing slots of time spent on certain

reparations or a time that did not reflect the reality. The lack of a systematic and continuous
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data collection led to us as researchers not being able to quantify the actual benefit an

information system such as OFM could have on the studied organization. What gets measured

gets done, and if the organization expects to achieve a reduction of costs, idle time of repair

and increased customer satisfaction, they should evaluate and quantify the actual impact.

Taking into account the foreseen benefits of pursuing the business opportunities provided by

the information system, it can be argued for that it is necessary for the organization to revise

its objectives so that they better reflect the new conditions that the information system

revises. This can for example entail a re-examination of the organization’s KPIs, which might

lead to a change in either the indicators or in the target numbers.

One might argue that the current issues existing in the organization will not automatically

disappear as often believed when investing in new solutions. On the contrary, it might be very

di�cult motivating the employees to utilize the new information system due to resistance to

change, something that is highlighted as often occurring in the studied literature (Hyötyläinen,

2013; Laudon and Laudon, 2013). Due to the fact that the information system might change

the way business is done, we can argue that the employees might perceive this as an additional

burden since they have to learn a new way of working. Even if management’s goal with the

new system is to achieve performance enhancements, it might be di�cult to transmit these

visions to the employees. Our observations show that the lack of information regarding the

information system led to employees building their own ideas on what changes the system

might entail. Thus, feeling an unmotivated and subjective resistance to change that could be

prevented by involving them more in the implementation process. The introduction of a new

technical system might then instead lead to new problems as well as the existing ones

remaining unresolved. Information systems require e↵ective and continued use in order to be

valuable and therefore it is crucial to understand how you can motivate the employees. This

knowledge is especially important for the managers directly linked to the users of the

information system, which have been identified by Rezvani et al. (2017b) as key influencers

regarding the attitude of employees towards the utilization of systems in general.

7.3.2 Good Communication and Adequate Personnel for a Unified Goal

Further, a noticeable observation from the results is that the participants from the studied

organization in general listed the business opportunities that would favor them as individuals

in their current role or their respective department. Regardless if the purchase of the

information system was made as a strategic choice by management to enhance the

competitiveness or the business results, it is vital for a clear goal and business plan to be

present. The di↵ering answers from key persons show that there is a lack of clarity and

involvement in the implementation process. Chmielarz and Zborowski (2018) states that some

organizational issues that might arise during the implementation of an information system are
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lack of clearly defined requirements and goals, no involvement of the users and incomplete

business requirements. We found all the stated organizational issues to be more or less present

in the studied organization, showing that the implementation of the information system has

not been a smooth process. However, it also presumed that some kind of issues will arise

during organizational changes and things will not go according to plan (Shea et al., 2017).

Therefore, we can argue that it is more important for management to focus on being

transparent and communicate with the employees during the whole process instead of only

focusing on fixing the issues that arise. This strategy is also supported by Shea et al. (2017)

that state that the relationships between the employees are more important than the system

itself. We can thus conclude that a functional information system cannot serve its purpose if

the communication and links between the employees of the organization are broken.

These risks can be mitigated by carrying out one of the most mentioned success factors during

interviews, namely a project group dedicated to the implementation of the information system

ORBITA Fleet Monitor, OFM, in the studied organization. From our findings it is evident

that the representatives believe that having a group appointed by management enables a

centralization of visions and goals. It becomes easier to fulfill the purpose of the strategic

choice of implementing a new information system if the responsibility is given to certain key

persons. Further, by having an announced project team more credibility and importance is

given to the new line of business. In order to maintain and continue to cultivate the vision set

out by management, after deciding which business opportunities to pursue, it is important to

establish good communication between all departments in the organization. By having a

dedicated team to the OFM project, management can more easily carry out their vision to the

organization through the project group and thus provide clear communication channels.

In addition to lack of communication, another reason to why the interviewees state di↵erent

possible business opportunities provided by OFM might be lack of knowledge. The novel

nature of digitization within the maintenance sector and especially within the railway industry,

indicates that the personnel is mainly used to traditional practices and require additional

training in intelligent maintenance systems (Ben-Daya et al., 2009). By not being aware of the

potential of a certain system it is di�cult to imagine the possible business opportunities it

might provide. Literature also states that most e-maintenance practices today rely on

technical data obtained from sensor-driven management systems and adequate knowledge is

therefore essential. To be able to succeed with e-maintenance solutions, Ben-Daya et al. (2009)

state that there needs to be a synergy between di↵erent competence groups from several fields

of expertise, something that is supported by the findings. Multiple interviewees disclose that

there is a need of employees with a multi-competence, both within IT and knowledge about

the vehicles. The information system demands users who can interpret the technical data and

apply it to the vehicles when maintaining them.
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7.3.3 Aspects Associated with Digitizing the Maintenance Organization

Industries globally are today striving towards digitizing their businesses with the objective to

gain a competitive advantage over their competition by operating better, faster and cheaper

(Laudon and Laudon, 2013). Increased market liberalization across industries has resulted in

increased competition, which has facilitated the adoption of digital technologies in all processes

throughout the entire business. Without a digitalization strategy, companies are thus left

lagging behind industry peers and competition. Macchi et al. (2012) showed that this is not

least applicable in the railway industry, which for long has been rooted in tradition and

culture. To compete in this new setting, rail operators have needed to transform and acquire

new digital capabilities and tools related to railway technology. However, these digital

technologies are often not new. Instead, it is shown that it is the convergence and maturing of

the technologies in combination with adoption to the specific industry that have fueled

businesses’ recent drive towards digitalization (Smith, 2019).

More often than not, these digital transformations are observed to be largely driven in the

industrial context by the popularity of predictive maintenance with IoT-technologies as in the

case of the studied organization. However, succeeding with digitization in traditional industries

is believed to be more troublesome with increased tendency to be resentful towards digital

solutions and new ways of doing business. Our findings confirmed this statement by

condemning the existing resistance in the organization today to the tradition and culture that

characterizes the railway industry. According to Laudon and Laudon (2013) resistance was

found to be the most common reason for project failure, why it is crucial for management to

involve all members of the organization as well as all stakeholders. Neufeld et al. (2007)

highlight the importance of charismatic leaders in order to motivate the employees and

successfully undergo changes. Thus, we can argue that it is important for the studied

organization to look over the leadership style of their management in order to capture value

from the information system, something that is supported by Rezvani et al. (2017a).

Both the existing and the potential uprise of resistance that exist in the organization today

provides additional reason to focus on digital attempts that requires less work e↵ort and

readjustment of operation and organization since they are more likely to be successful. Not

only can the organizational maturity be considered to not yet be fully developed but to

succeed with more sophisticated digital e↵orts as condition-based maintenance there is also a

need for additional supporting technologies. This conclusion is supported by Ben-Daya et al.

(2009) who state that supporting software products and IT tools are essential for providing the

necessary technical basis for being able to execute a more data-driven maintenance operation.

Artificial intelligence (AI) is today progressing rapidly with its subset machine learning being

utilized in a wide range of other industries and functions to automate analytical model
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building. If ORBITA Fleet Monitor, OFM, would be equipped with machine learning

algorithms the human intervention would be minimal and thus the work e↵ort needed to

enable condition-based maintenance with the information system would be significantly

reduced.

As discussed in the previous chapter, often when attempting with digitizing e↵orts

management buys and implements an o↵-the-shelf product were the customization is limited

(Hipkin, 1997). Carney et al. (2003) highlight that those organizations who decide on

acquiring an o↵-the-shelf technical solution often expect a more rapid or less costly solution.

However, despite potentially achieving lower costs other issues might appear that can end up

increasing the overall cost. The product’s maintenance and development could get discarded

from the supplier’s side and thus obstruct the continued utilization. Further, if the initial

construction and implementation of the information system does not mirror the exact

organizational workflow, problems will arise if it is not possible to obtain additional product

enhancement to extend the functionality of the system (Odendaal, 2017).

Implementing new technical solutions and digitizing the current operation lead to the

introduction of new types of problems. Besides having to consider the physical assets, it

becomes vital to maintain the digital aspects of the information system. The personnel need to

learn and familiarize themselves with the new types of system errors that can occur, especially

concerns linked to security. Shifting parts of the operation from analog to digital creates an

opportunity for cyber criminals as the assets become more vulnerable and exposed. According

to Peens and Truebody (2018) management needs to consider the new risks that come with

becoming more digital as the security aspects could become a key di↵erentiator in a highly

competitive space. An additional apprehension to becoming more digital might be the

employees’ fear of their roles becoming redundant and thus losing their jobs. On one hand the

fear might be eligible since succeeding with reactive maintenance or condition-based

maintenance implies that there is a need of less resources in order to handle the assets. On the

other hand, by digitizing the operation a need of tech savvy personnel will arise. This will be

an immense issue for the studied organization to consider, to either educate the current

employees to meet the new digital requirements or hire a more experienced third party. A

spotted trend that supports the hiring of a third party is that maintenance organizations are

leveraging external experts to drive value out of their data and thus seeking support for

real-time operational monitoring and analytical services (SAGE Automation, 2019).

Several of the mentioned business opportunities in section 6.2.4 entail an enhanced exchange of

information and communication. Multiple interviewees highlighted the fact that with the

introduction of the information system in the studied organization it will become easier to

track the proceedings during a certain time and directly link them to a specific part of the
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asset or a specific person, i.e. the driver. This enables the possibility of finding out who is

responsible for an occurring failure and thus eases the communication in case of confusion.

However, by having a digitized solution that points directly to the one responsible employees

might avoid personal communication and only mediate through the digital solution. The focus

point becomes finding the person responsible for the failure instead of finding the actual source

to the problem and prevent it from happening again by changing the processes. All of these

issues that might arise when digitizing a maintenance organization will thus be needed to be

taken into consideration and handled accordingly in order to allow for a successful

implementation and utilization of an information system.

72



7. DISCUSSION

7.4 Chapter Summary
Enabling the three business opportunities, supporting troubleshooting, planning reactive

maintenance and performing condition-based maintenance, with the information system will

require di↵erent work e↵orts and as a result yield di↵erent rewards. Supporting the

troubleshooting process will reduce time and cost of maintenance operation at the same time as

it is anticipated to require the least work e↵ort. However, in order to significantly minimize the

total maintenance cost literature states the need for reductions of repair and inventory cost.

Following that majority of time during reactive maintenance can be saved in the

troubleshooting it is not expected to require much more work e↵ort to enable better planning of

reactive maintenance with the information system. Not only is it believed to reduce repair and

inventory cost but also shorten repair time and loss of operating time. The use of the

information system to better plan reactive maintenance can also be seen as a learning period to

eventually shift some of the reactive maintenance activities to become predictive maintenance

with condition-based maintenance. Even if the studied organization is not believed to have the

organizational or technological maturity needed it is important that condition-based

maintenance remains as a goal that is constantly strived towards. This since the high work

e↵ort needed to succeed will result in high reward by enabling the organization to become highly

e↵ective and e�cient needed to maintain competitiveness in the future.

Di↵ering answers from key persons from the studied organization regarding which business

opportunity to pursue demonstrated the lack of a unified goal. This could either be a result of

lack of clarity and involvement in the implementation process or lack of knowledge regarding

the possibilities of the system. The confusion and incomprehension towards the information

system shows that management needs to create and carry out a collective vision. Further, in

order to succeed with e-maintenance e↵orts such as the mentioned business opportunities the

organization needs to establish new requirements regarding the personnel needed. Shifting parts

of the operation from analog to digital will lead to new types of problems and thus a need of

tech savvy personnel will arise. Despite raising di↵erent business opportunities, the

representatives from the studied organization had the same expectations on the information in

the long run. Namely that it could decrease the total maintenance costs and reduce stops in

tra�c. However, the level of successfulness that the maintenance operation reaches is

dependent on the quality of its leadership and supervision. Therefore, it is crucial for

management to invest in the development of their leadership in order to prevent eventual

organizational problems that might arise.
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8 Conclusion
In this chapter the concluding remarks and future directions of the thesis will be provided. The

conclusions are stated according to a short-term recommendation and a long-term

recommendation to a maintenance organization that aims to adapt an information system in

their operation. The recommendations are based on the obtained findings and the following

discussion. The chapter ends with providing suggestions on perspectives and directions for

future studies to scholars that are interested in contributing with research to the area.

Research exploring and addressing the phenomena of using information systems in

maintenance organizations are scarce. At the same time, the interest in digitalization in

maintenance organizations has increased. The aim of the thesis has therefore been to provide a

better understanding of the opportunities that potentially can be captured with an

information system and the success factors needed to succeed. By performing a case study in a

railway maintenance organization, the potential use of an information system has been able to

be assessed and analyzed. The primary aim for a maintenance organization that invests in an

information system is to approach the main objective of maintenance, which is to ensure

smooth operation of equipment while at the same time keeping costs down (Haroun and

Du↵uaa, 2009; Younus et al., 2016). With an information system the organization has an

opportunity to significantly increase their profitability by increasing the e�ciency of the

operation. However, Luo and Ling (2013) estimate the profitability to be directly linked to the

degree of utilization of the information system. This indicates that it is not su�cient to solely

invest in a new system with the hope it will achieve the main objective of maintenance. Thus,

in order to succeed, the organization should focus on the business opportunity that is most

likely to be carried out fully and successfully in the prevailing circumstances.

The basis of the empirical setting, the obtained findings and the discussion have allowed us to

conclude that there are three main business opportunities to be obtained by a maintenance

organization through the implementation of an information system. The three business

opportunities are: supporting troubleshooting, planning reactive maintenance and performing

condition-based maintenance. Out of these three business opportunities our findings indicate

that the strategy that requires the least work e↵ort is supporting the troubleshooting process.

Improved troubleshooting is expected to decrease the maintenance cost by reducing idle time

of repair time and loss of operating time. However, in order to minimize the total maintenance

cost and thus obtain a higher reward, the repair cost and the inventory cost will need to

decrease as well. These cost reductions are expected to be made possible by improving

planning of reactive maintenance. Implementation and utilization of the information system to

assist the troubleshooting process will entail that the majority of the work e↵ort needed to
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enable better planning of reactive maintenance will be completed. This follows from the fact

that the majority of the time during performance of reactive maintenance activities was found

to be able to be saved by improving the troubleshooting process. The organization should

therefore not settle with only utilizing the information system to support the troubleshooting

process, since better planning of reactive maintenance will result in only a slightly higher work

e↵ort but in a significantly higher reward. The recommendation is thus for the studied

organization to start o↵ with the short-term recommendation consisting of focusing the

information system to improve the planning process of reactive maintenance.

To enable reactive maintenance the studied organization will need to start o↵ by management

agreeing on a way forward and establishing a unified goal. This can be achieved by instituting

a project group dedicated to the implementation of the information system with the appointed

assignment of monitoring and managing the system. Creating a project group makes it

possible for the organization to centralize the goals of implementing the information system

and also motivate the employees towards the new vision by giving the project more importance

and reliability. A mapping of all the di↵erent positions required to successfully perform

reactive maintenance needs to be done. Thereafter, it is essential to choose the most adequate

persons and hand them clear responsibilities. By implementing the information system well

and succeeding with the planning process of reactive maintenance in one of the depots, the

implementation process can be copied to the other depots and thus achieve a large-scale

deployment.

However, grounded in the fact that maintenance management aims to go from reactive

maintenance to predictive maintenance, the long-term goal with the information system should

be to pursue condition-based maintenance. Monitoring the condition of systems and

components according to condition-based maintenance allows for maintenance to be performed

and planned according to actual component condition. Maintenance tasks are thus only

initiated when needed. Our findings show that this will result in minimization or even

elimination of loss in operating time by detecting defects before they occur and gathering

maintenance activities together to a larger extend. Further, this will allow the planning

schedule to become more valid by being supported by analysis of the actual condition of the

components. Following the prevailing development in the railway industry and the popularity

of predictive maintenance, our study anticipates that condition-based maintenance will be of

high-importance for the studied organization to remain profitable in a highly competitive

industry currently driven by digital transformations.

To enable condition-based maintenance the studied organization will need to firstly undergo

the same steps as if they would pursue reactive maintenance, since both strategies entail an

implementation of an information system and changes in the current processes. Thus, it is
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necessary for the organization to introduce a project team with the prime assignment of

carrying out and monitoring the implementation of the information system. Further, it will be

crucial to establish clear procedures that will be followed by all the ones implicated by the

information system. Compared to reactive maintenance condition-based maintenance will

require a larger e↵ort directed towards data handling and analysis. Prior to applying

condition-based maintenance the assets will need to operate connected to the information

system in order to find the measuring levels and signals indicating a prospective failure. The

most important success factor related to the enabling of condition-based maintenance is thus

the involvement of personnel with adequate competence. However, the traditional

characteristics of industries such as the railway industry tend to aggravate the transition. The

personnel is acclimated to the well-established maintenance practices and might feel a

resistance to change towards the new maintenance strategies. Thus, in order to achieve the

long-term goal of condition-based maintenance the studied organization needs to adapt and

familiarize its existing personnel to the new practices. Simultaneously, they will need to

attract a new workforce that possesses adequate knowledge concerning data analytics, machine

learning and AI, thus preparing the maintenance organization for the future.

In conclusion, investing in an information system can facilitate the fulfillment of the main

objective for a maintenance organization by minimizing disruption of operation and costs. To

ensure the usage of the information system, the maintenance organization is recommended to

pursue the strategy that entails a work e↵ort that is attainable while at the same time yielding

a significant reward for the entire organization. However, in order to ensure competitiveness in

the long run it is essential for organizations to continuously strive towards breaking new

ground.

8.1 Future Research
This study has explored the combined areas of maintenance management and information

systems, a research field that has shown to be scarce and limited. This implication has a↵ected

the scope of the thesis and induced us as researchers to attempt to find a connection between

the two areas. Thus, the first recommendation for future research is to continue the

exploration of the overlap between maintenance management and information systems and

contribute to the currently deficient research. Furthermore, the prevailing literature concerning

maintenance organizations mainly a↵ects producing companies and their maintenance

operations. Additionally, the identified literature regarding transportation businesses generally

studies the aerospace industry and a negligence has been found towards the railway industry.

Therefore, future studies are advised to especially focus on the overlap between railway

maintenance organizations and information systems.
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One of the main constraints with our conducted study is the uncertainty of the technical

abilities of the examined information system. By deciding not to analyze the system on a high

technological level, due to both resource and time restrains, it limited the knowledge of what is

plausible to achieve by utilizing the information system. Thus, further research could focus on

examining the technical possibilities of carrying out the proposed business opportunities in

order to better evaluate the profits provided by the system. Lastly, additional research is

needed to verify that the findings and conclusions of our study are not only limited to the

studied organization, but rather applicable to any maintenance organization that is in the

process of implementing an information system.
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