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Abstract 
Maintenance is one area of business that recently has been considered as an ac-
tivity contributing efficiently to the companies' strategic goals. Understanding 
the way maintenance could utilise modern technology such as computerised 
tools or digital data processing is one way to make maintenance profitable. Cur-
rent research lack appropriate methods for determining data and IT requirements, 
as well as understanding the way IT could be utilised for enhancing maintenance 
profitability. This thesis studies and develops tools, methods and theories of how 
information technology can be utilised for maintenance management in order to 
reach profitable maintenance. The main research problem is therefore: What are 
the demands on information technology systems to achieve profitable mainte-
nance? The main problem has been divided into three research questions: RQ1)
What are the demands on data and information technology systems for strategic 
management of maintenance?, RQ2) How can we identify relevant data and in-
formation technology systems required to achieve cost-effective maintenance de-
cisions? and RQ3) How can we describe the utilisation of information technol-
ogy within maintenance? 

This thesis is based on a systems theory approach, where maintenance is not 
seen as an isolated activity, but something that interacts, affects and is affected 
by several other activities, such as production, logistic and quality. Several 
methods have been used for answering the research questions, but the theory-
testing case study method dominates. Main results achieved in the thesis are 
models and theory for 1) creating a relevant set of data for cost-effective mainte-
nance decisions, 2) monitoring the performance of maintenance, suggest invest-
ment possibilities and show maintenance contribution on company strategic 
level, 3) identifying IT systems requirements demanded to achieve profitable 
maintenance and 4) assessing the IT maturity of a maintenance organisation for 
the effective utilisation of IT systems.  

As an illustrative example of computerised maintenance management de-
mands a conceptual decision support model has been developed, which aims at 
filling the gaps of poor IT coverage for strategic maintenance decision-making. 
This thesis concludes that the demands of data and IT applications must be con-
nected to the overall maintenance demands, which are reflected in the mainte-
nance goals, purposes and strategy, in order to achieve profitable maintenance. 
Furthermore, structured methods that ensure the connection between mainte-
nance business goals and data or IT demands are of importance. The ability to 
make use if IT within maintenance is reflected in the relative IT maturity of the 
maintenance organisation. Being able to define the IT maturity allows for choos-
ing the most appropriate IT tool to invest in, so that current and future needs of 
IT support are also covered for with maximum benefit and minimum cost.  

Keywords: Maintenance decisions, computerised maintenance management, 
common database, maintenance profitability, maintenance data, information 
technology systems, decision support systems, information technology maturity. 
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Condition-based maintenance 
Maintenance carried out according to the need indicated by condition monitor-
ing. (BS3811:1993) 

Condition monitoring 
The continuous or periodic measurement and interpretation of data to indicate 
the condition of an item to determine the need for maintenance. (BS3811:1993) 

Cost-effectiveness
Cost-effectiveness relates to the measure of a system in terms of mission fulfil-
ment (system effectiveness) and total life-cycle cost. (Blanchard, 1998) 

Cost-effective maintenance 
A measure of how much the considered maintenance policy is economically 
beneficial in the long run. A dimensionless ratio is used to compare two situa-
tions before and after maintenance improvement. (Al-Najjar, 1997) 

Data
Symbols without meaning, context or content. (Flensburg and Friis, 1999) 

Database
A collection of related data. (Elmansri and Navathe, 2003) 

Decision support system 
A Decision Support System (DSS) is a computer based information system for 
decision making that serves people in all strategic positions in a business. A DSS 
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Efficiency 
The ratio of outputs to inputs of a system. (Anthony, 1998) 
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Effectiveness
A measure of how well the system’s output contributes to the business goals and 
objectives. (Anthony, 1998) 

Information
Data put in syntax. (Flensburg and Friis, 1999)  

Information technology system 
A technical system defined as a collection of hardware, software, data and com-
munications technology. (Beynon-Davies, 2002) 

Information technology systems integration 
Structural integration of an IT system including hardware, software and commu-
nication media used for information handling and ways of interactions between 
or union of these systems. A true integration integrates databases, functionality 
and presentation, such as user interfaces, while co-ordination does not change the 
existent IT systems, only enables communication between them. (Author’s defi-
nition) 

Integration
Unite or combine to an entirety; Co-ordinate; Complete through incorporation. 
(SAOL 1998 12th edition) 

Maintenance
Maintenance is a discipline in evolution. The traditional description of mainte-
nance is: 

 The combination of all technical and associated administrative actions needed to 
retain an item in, or restore it to, a state which it can perform its required func-
tion. (BS3811:1993) 

An alternative description is: 

A means for monitoring and controlling deviations in a process condition, prod-
uct quality and company's economy, and for detecting damage/failure causes and 
potential failures in order to interfere (when possible) to arrest or reduce machine 
deterioration rate before the product characteristics are intolerably affected and 
to perform the required action to restore the machine/process or a particular part 
of it to good as new. All these should be performed at a continuously reducing 
cost per a good quality item. (Al-Najjar, 2002) 
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A description of the interrelationship between the maintenance echelons, the in-
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3811:1993) 

Maintenance strategy 
A management method used in order to achieve the maintenance objectives (EN 
13306:2001) 

Maintenance management 
All activities of the management that determine the maintenance objectives, 
strategies, and responsibilities and implement them by means such as mainte-
nance planning, maintenance control and supervision, improvement of methods 
in the organisation including economical aspects. (EN 13306:2001) 

On-condition tasks 
The actions taken due to a change in the condition of a component/equipment 
that could lead to failure. (Moubray, 1991) 

Operational, tactical and strategic decisions   
Classification of types of decisions made in an organisation. 

Operational: Decisions concerning day-to-day operations. Are delegated to 
the lowest, operational, level of the company. 

Tactical: Decisions concerning allocation and control of the company’s re-
sources. Impact window is weeks to months.  

Strategic: Decisions concerning long time planning and overall goal setting of 
the organisation. Highly complex, unstructured and nonrecurring, where the full 
set of data often is not known. (Reynolds, 1994) 

Overall equipment effectiveness 
Overall equipment effectiveness is the product of equipment availability, equip-
ment performance efficiency and the quality exchange. (Nakajima, 1998) 

Profitability 
The profit margin times the investment ratio, which is equal to the return on in-
vestment. (Anthony, 1998) 
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Strategy 
A strategy describes the general direction in which an organisation plans to move 
to attain its goals. (Anthony, 1988) 

System 
A system is a set of components and their relations among them. (Arbnor & 
Bjerke, 1997) 

Terotechnology  
A combination of management, financial, engineering, building and other prac-
tices applied to physical assets in pursuit of economic life cycle costs. (BS 
3811:1993)  

Top down approach  
Approach for e.g. systems engineering, where one starts at systems level with de-
fining requirements and specifications and then goes stepwise into details. 
(Blanchard, 1998) 
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1. Introduction 
In this thesis problems concerning the identification, utilisation and use of in-
formation technology systems within maintenance will be addressed. The devel-
opment of such tools is handed over to those who are better suited for it, and the 
author appreciates highly their effort. In fact, this thesis work first started in the 
development of a decision support system (DSS) for monitoring and assessing 
the technical and financial condition of a production process, which was named 
BETUS. From this work, more questions were raised than answered, and the 
questions were focusing “why” more than “how” (to build an application). Why 
was there a need for such information technology tools to be developed? Why 
could not maintenance managers use available commercial information technol-
ogy systems for solving the problems? Etc. This thesis will address and try to un-
derstand reasons behind some of these “why” questions. 

The following chapter will introduce the reader to the area of research and to 
the problems that have been identified within this area. The scientific problem 
addressed will further be discussed and formulated into research questions. The 
purpose, relevance and delimitations of the thesis, based on previous research, 
will also be defined. Finally, a disposition of the further chapters is provided. 

1.1 Background 
Until some decades ago a manufacturing business’ main concern was to push 
products into the market. With the global and constantly changing environment 
of today's companies, competitive strategies of cost minimisation and differentia-
tion, and the ability to use available resources in a cost-effective way have be-
come important, see Porter (1985) and Christopher (1998). The focus on cus-
tomer needs puts great demand on the production system to meet goals of high 
product quality, production safety and delivery on time using complex and 
automated production, Al-Najjar (1996) and Waeyenbergh and Pintelon (2002). 
Methods and strategies for production efficiency and optimisation often referred 
to as lean manufacturing, supply chain management and quality assurance have 
been developed and widely implemented in manufacturing businesses. The ma-
jor focus should be set on the areas of business where the possibilities for strate-
gic advantages and savings are high. Maintenance is one area of business that re-
cently has been considered as an activity contributing efficiently to the compa-
nies' strategic goals. The awareness of maintenance as a strategic factor within a 
company is established in literature, see for instance Riis, Luxhoy and Thor-
steinsson (1996), Al-Najjar (1997), Murthy, Atrens and Eccleston (2002), Tsang 
(2002), Swanson (2003), Al-Najjar and Alsyouf (2004) and Alsyouf (2004). The 
dependencies between maintenance and other related working areas has been ad-
dressed by several authors, among these Gits (1992), Jonsson (1999) and 
Waeyenbergh and Pintelon (2002). Waeyenbergh and Pintelon (2002) describe it 
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as being about partnership while Gits (1992) and Jonsson (1999) describe main-
tenance as an integrated and coordinated part of the production process. The role 
of maintenance with respect to production is, according to Al-Najjar (2002), to 
maintain the quality of all the essential elements that contribute in the production 
process for keeping product quality and delivery in time at a competitive price. 
Mitchell, Robson and Prabhu (2002) showed in a case study performed in Eng-
land that companies that systematically adopt best maintenance practice achieve 
higher performance than those who does not. Especially capital intensive produc-
tion is highly dependent upon that maintenance is carried out in the most effec-
tive way.  

An effective maintenance policy could influence the profitability of a manu-
facturing process through its direct impact on quality, efficiency and effective-
ness of operation, Alsyouf (2007). The impact of maintenance could also be seen 
on areas such as customer satisfaction, gaining markets shares, society accep-
tance and the competitiveness by enabling higher quality production at a com-
petitive price that can be delivered on time and with low environment pollution, 
Al-Najjar (2007). Profitability refers to long term profits rather than to yearly or 
monthly impacts. On a broad sense, profitability is expressed as the profit margin 
times the investment ratio, which is equal to the return on investment, Anthony 
(1998). Thus, when investing in maintenance we would expect something back 
in return. This return is hard to measure though, as the maintenance business is 
characterised economically by the cost of conducting activities rather than the 
benefits gained, Al-Najjar (2007). Consequently, profitable maintenance is a 
term defining the effects of maintenance on production or at the overall level of 
company strategy rather than describing direct outcome of conducting a certain 
maintenance policy. 

Information technology (IT) systems, i.e. technical systems consisting of 
hardware, software, data and communications technology, is commonly used in 
all kinds of corporate activities today, Beynon-Davies (2002). Research shows 
that investments in IT have a positive correlation to company profitability and 
competitiveness, thus indicating that IT is of strategic importance. The research 
is not consistent though. Brynjolfsson (1993) coined the expression “productivity 
paradox”; i.e. that IT is not adding to the productivity of a company. His research 
has been both confirmed, see e.g. Lin and Shao (2006) and Theodorou and 
Florou (2008), and rejected such as in Dedrick, Gurbaxani and Kraemer (2003) 
and Ross and Ernstberger (2006). The reason behind inconsistent results is dis-
cussed in Byrd et al. (2006), where the authors for example points out the diffi-
culties in finding appropriate measures to study the impact of IT investments, as 
well as the time lag problem, suggesting that the impacts of investments in IT 
could not be seen until years later. Still, it is evident that poor investment judge-
ments could result in IT project failure, leading to costly consequences, 
Whittaker (1999). According to Jonsson (2000) IT investments in the mainte-
nance area are of equal strategic importance as IT investments in general. To be 
able to show the impact of maintenance on production and the overall business, 
data from various IT systems serving different working areas relevant to mainte-
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nance is needed, as well as possibilities to process, interpret and analyse the data. 
Pintelon, Pinjala and Vereecke (2006) conclude that companies with a high level 
of maintenance strategy effectiveness are characterised by high and effective in-
tegrated CMMS use. Therefore, provided that correct and relevant IT is applied, 
information technology could be an important tool for reaching the goal of prof-
itability in maintenance. Researchers recognise the need to integrate IT with 
business objectives and corporate strategy, see for instance Segarra (1999) and 
Gardner and Ash (2003). This indicates that the IT investment decisions must be 
linked to maintenance business demands.  

1.2 Research Problem 
Data is in this thesis defined as symbols without meaning while information is 
seen as data put into syntax, thus providing meaning to the user, see Flensburg 
and Friis (1999). Data is a prerequisite for creating information and knowledge. 
When taking cost-effective decisions in maintenance, it is required to have ac-
cess to data and information regarding all areas that is affected by or affects 
maintenance such as production, logistic, quality and Life Cycle Costing (LCC). 
This means that data from administrative IT systems, industrial IT and non-
automatic sources must be collected in order to reach a relevant set of technical, 
organisational and financial maintenance data. In larger plants, especially in pro-
duction intensive industries, you are likely to find most data in the corporate IT 
systems, but often distributed over several databases and IT systems and even 
geographically separated. The diversity of IT systems also leads to data hetero-
geneity problems, Toussaint, Bakkerand Groenewegen, (2001), e.g. data are 
stored in various types making it technically hard to integrate them, the same 
data set can be interpreted in different ways depending on the user leading to 
confusion between different departments or because data are aggregated in a 
level that suits one user but not the other. Integrated IT solutions is one way to 
deal with this heterogeneity problem, but these integrated solutions, such as en-
terprise resource planning (ERP) systems, could instead suffer from rigid and 
centralised information structure standardisation, Evgeniou (2002). Centralised 
information structure standardisation means that the information structure and 
content is decided upon centrally not taking into consideration specific working 
area or process needs within the company. In order to avoid both data heteroge-
neity and information standardisation problems, the ability to define your own 
set of data is of importance for supporting maintenance management. But to en-
able this, criteria and procedures for the data selection as well as for the data col-
lection are necessary in order to assure the quality of input data and of the deci-
sion-making process itself.  

Data alone cannot lead to cost-effective decisions though. Pintelon and Van 
Puyvelde (1997) point out the importance of a well functioning computerised 
maintenance reporting system and also the fact that most systems in this area are 
limited only to budget reporting. Traditional computerised maintenance man-
agement systems (CMMS) are supporting the execution of maintenance but 
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gives low support for the planning and follow-up phases, see e.g. Liptot and 
Palarchio (2000). Especially the ability to monitor and assess the performance of 
maintenance is desired for showing the financial impact of maintenance on com-
pany's profitability. Such an IT system must also allow for tracing the reasons 
behind a deviation in maintenance performance.  

The level of computerisation in maintenance management could still be con-
sidered as low, and maintenance management information technology (MMIT) 
has not in general been in focus when developing the enterprise IT strategy. 
Every fifth company (of 118 companies in total) in a study of Swedish industry 
stated that they did not use a CMMS and one third combined manual and com-
puterised maintenance management, Alsyouf (2004). An earlier survey reported 
in Jonsson (1997) on Swedish manufacturing firms confirms this situation: 64% 
of the 284 companies studied used manual information systems. Swanson (1997) 
received a slightly higher computerisation level when she studied 231 metal-
work plants located in the United States and found that about 60% of these plants 
had a CMMS implemented. The ability to utilise IT systems for maintenance 
management is connected to the IT maturity of the organisation. An organisation 
with a low level of IT maturity uses IT mainly for the automation of daily activi-
ties and for data storage, while an IT mature organisation uses IT for collecting 
and combining vast amount of data for advanced strategic decision-making, 
Nolan (1979). 

IT applications today separate the data from the functionality, Hoffer, Prescott 
and McFadden (2005). This gives great opportunities to work with the problem 
of reaching an effective utilisation of IT systems within maintenance manage-
ment on two fronts: by enhancing the data use and by enhancing the software use 
(or enhancing the use of data and software simultaneously). The problem ad-
dressed in this thesis is summarised as: 

What are the demands on information technology systems to achieve 
profitable maintenance? 

1.3 Purpose and Research Questions  
The purpose of this thesis is to study and develop tools, methods and theories of 
how information technology can be utilised for maintenance management in or-
der to reach profitable maintenance. The problem will be addressed by studying 
three perspectives: scientific research, industrial use and software features. By 
studying all three areas the author is convinced that the understanding of the 
problem will be enhanced, compared to if only one area was in focus. To be able 
to fulfil the purpose, we must know the demands and requirements of data and 
information technology systems for managing maintenance, especially on strate-
gic level. Furthermore, the thesis intends to connect the demands of maintenance 
management with the utilisation of IT in the organisation. Knowing the require-
ments of the business enables an effective evaluation and selection of available 
technology for e.g. maintenance data capture, processing and decision-making. 
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Therefore, we must be able to explain how relevant data and information tech-
nology systems could be identified in order to reach cost-effective decisions 
which enables profitable maintenance. For achieving these results, the main re-
search problem will be further investigated using three research questions.  

RQ1: What are the demands on data and information technology systems 
for strategic management of maintenance? 

RQ2: How can we identify relevant data and information technology sys-
tems required to achieve cost-effective maintenance decisions? 

RQ3: How can we describe the utilisation of information technology 
within maintenance? 

The papers included in this thesis could be grouped according to their contri-
bution to the research questions. Figure 1 describes the connection between each 
paper and the research questions it is addressing. The papers are often addressing 
more than one research question at the same time. In Figure 1 only the main con-
tributions are shown. For research question one and two, a division between data 
and IT systems have been made in order to enhance the readability of the figure. 

� Papers I and II describe the development of a DSS for maintenance pur-
poses, thus addressing one type of data and IT demand within mainte-
nance. Paper III discusses the utilisation of condition monitoring data 
for maintenance management. It also discusses the contribution of util-
ising condition monitoring on company strategic goals and has been a 
way to study the connections between objectives of maintenance and IT 
use.

� Papers IV-VI also discuss the data and IT systems demands but are 
mainly dealing with the data and IT identification process for mainte-
nance management, exploring and trying to overcome the problems 
faced when providing decision-makers with relevant and high quality 
data and IT support. Papers IV and V discuss the problems faced in data 
identification and Paper V proposes a method for the identification 
process, while Paper VI describes the IT requirements determination 
process, connecting business objectives to the use of IT tools.  

� Papers VII and VIII focus on IT utilisation within maintenance as de-
scribed in scientific literature. Paper VII presents a literature study of 
computerised maintenance management support. Paper VIII presents 
the work of investigating scientific literature with respect to mainte-
nance management information systems in a more structured way. The 
results from the literature studies are used for developing a model that 
describes the utilisation of IT within maintenance management. 
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RQ1
What are the demands on data 
and information technology 
systems for strategic 
management of maintenance?

RQ2
How can we identify relevant data 
and information technology 
systems required to achieve cost-
effective maintenance decisions?

Purpose
Study and develop tools, methods and theories of how 
information technology can be utilised for 
maintenance management in order to reach profitable 
maintenance.

RQ3
How can we describe the 
utilisation of information 
technology within 
maintenance?

Paper I Paper II Paper IV Paper V Paper VIPaper III Paper VII Paper VIII

data IT data IT

Figure 1 – Connection between papers and research questions 

1.4 Previous research 
Maintenance has traditionally been seen as a cost generating activity, as a neces-
sary evil, while it is possible to gain competitive advantages and profitability by 
the use of an efficient maintenance policy, and turn the perspective of mainte-
nance from cost generator to a profit generating activity, Al-Najjar and Alsyouf 
(2004). The impact of maintenance on companies' competitiveness and profit-
ability has been proven as significant by several researchers; see e.g. Al-Najjar 
(1997, 1998, 2000a, and 2000b), Riis et al. (1997), Mckone and Weiss (1998), 
Bevilacqua and Braglia (2000), Mitchell, Robson and Prabhu (2002), Al-Najjar 
and Alsyouf (2003), Swanson (2003) and Alsyouf (2004). The importance of 
maintenance has been stressed by an increased use of automation where the con-
sequences of problems and disturbances in the production process are diverse 
and severe, Luce (1999), Vineyard, Amoako-Gyampahand Meredith (2000) and 
Holmberg (2001). Ahlmann (1998) notes that many industries work with low 
performance and resource utilisation and that the Overall Equipment Effective-
ness (OEE) in Swedish industry in average is about 55 percents. OEE for process 
industry is about 80 percents. Ljungberg (1998) foresees great possibilities to use 
available resources, and maintenance contributes effectively in reducing waste 
and stabilising the production process. New maintenance approaches based on 
condition monitoring and advanced information technology can reduce the prob-
ability of failure in complex and highly automated environments considerably, 
Al-Najjar and Alsyouf (2000). 
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Several authors have pointed out the importance of decision-making in main-
tenance and have also described models of the decision process, see for example 
Pujadas and Chen (1996), Al-Najjar (1999), Sherwin (2000) and Waeyenbergh 
and Pintelon (2002). Performance monitoring and follow up by using indicators 
is an important  issue for all kind of industrial activities, and in literature this has 
been addressed by many authors in different contexts, see e.g. Pintelon and Van 
Puyvelde (1997), Al-Najjar et al. (2001), Miraglia et al. (2002) and Otto and 
Kotzab (2003). Both technical and financial performance indicators and per-
formance measures are needed for decision-making in maintenance, for monitor-
ing the performance of selected maintenance approaches and for securing the ful-
filment of company strategic goals such as profitability and competitiveness, see 
e.g. Al-Najjar (1997), Dwight (1999) and Al-Najjar, Hansson and Sunnegårdh 
(2004). Monitoring and assessing the financial and technical impact of mainte-
nance could also lead to suggestions for further improvements within mainte-
nance.  

Vast amount of papers concerning maintenance and information technology 
have been published. These papers are mainly discussing the use of IT within 
maintenance, see for instance Jones and Collis (1996) and Swanson (1997), or 
suggests new IT support were there are currently a lack of such tools such as in 
Yanming, Ping, and Zongjun (2001) and Fernandez et al. (2003). The benefits of 
using MMIT has also been expressed in a lot of publications, see for example 
Pintelon, Preez and Van Puyvelde, (1999), Rao, Zubair and Rao (2002) and 
Mjema and Mweta (2003). The IT procurement has been addressed to less ex-
tent. The emphasis of research within maintenance management information 
technology tend to lie within the later phases concerning evaluation of different 
systems alternatives, see for instance Raouf, Ali and Duffuaa (1993) or the suc-
cessful implementation of IT systems as in Fernandez et al. (2003), but few au-
thors deal with the determination and identification of MMIT requirements.  

1.5 Relevance and Originality  
This study is of relevance for the scientific society as well as for the industry. In 
research, there are several dimensions of the problem that has not yet been ad-
dressed to full extent, whereas the areas addressed in this thesis are accounted for 
in the following. 

Even if the impact of maintenance on company strategic level has been 
proven as significant, further research would be needed for describing this, Alsy-
ouf (2007). The success of maintenance, just as any other business related activ-
ity, lies in effective planning and control, Kelly (1984) and Coetzee (1999). Un-
derstanding the way maintenance could utilise modern technology such as com-
puterised tools or digital data processing is one way to make maintenance profit-
able and new advanced IT tools have to be developed.  

Surveys conducted by Swanson (1997), Jonsson (1997) and Alsyouf (2004) 
imply that the utilisation of computers for maintenance management could be 
enhanced. For gaining a better understanding of the reasons behind low utilisa-
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tion of computers, and to provide possibilities of enhancement, this thesis studies 
the development as well as the current state-of-art of computerised maintenance 
management support.  

The literature surveys presented in this thesis are especially important accord-
ing to the author: Even if vast amount of articles have been addressing MMIT, 
no summarising review of the subject has been available. This thesis contributes 
to the research with both a descriptive and a quantitative study of the develop-
ment of MMIT.  

The requirements determination phase of the IT procurement process has been 
pointed out as crucial for the success of applying IT by several authors, see for 
instance Byrd, Cossick and Zmud (1992), Browne and Ramesh (2002), Goepp, 
Kiefer and Geiskopf (2006) and Pitts and Browne (2007), therefore further re-
search within determining IT requirements for maintenance management is sug-
gested as important by the author. Research dealing with maintenance IT pro-
curement and especially the requirements determination phase is hard to find 
(see the literature review in Paper VII). This thesis will provide a structured ap-
proach to the IT requirements definition for maintenance management. 

Performance monitoring on all levels of maintenance management is a pre-
requisite for effective decision-making and for this purpose relevant, easy acces-
sible and high quality data is needed. Literature on performance indicators is to-
day quite extensive, but the problem with how to select, identify and gather the 
data required is still not fully researched. A literature survey presented in Paper 
V for instance resulted in no articles within the identification of relevant data for 
accurate problem tracing and localisation and decision-making, indicating the 
need for more research within this area. This thesis addresses the identification 
of data for maintenance management by providing a theoretical framework and a 
model for identifying data.  

The theories developed will enhance the understanding of the demands on 
data and IT systems for maintenance management which will be beneficial for 
industrial practisers as well. By knowing the factors to consider in the data iden-
tification and IT requirements determination processes, these processes could be 
made efficient and effective. Moreover, methods developed for identifying these 
requirements could be utilised by industry when implementing performance 
measures or in the procurement of IT. Finally, the wish is that new IT tools de-
scribed in the thesis should be realised in IT systems or modules accessible for 
industrial use. 
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1.5 Delimitations
� In this thesis maintenance management is mainly discussed in terms of 

data and information technology systems need. Practical issues of how 
to carry out maintenance are not included and no specific maintenance 
approach, such as total productive maintenance or condition-based 
maintenance, is dealt with in depth.  

� The quality of data is studied focusing on the relevance. Other dimen-
sions of data quality, as well as sources of poor data quality such as 
human errors and transmission errors are not addressed. 

� Common maintenance management IT support such as CMMS, mainte-
nance management modules in ERP systems and maintenance DSS are 
included in this thesis, and the object of study is primarily the data con-
tent, the database structure and high level functionality of these IT sys-
tems. Features such as architecture, design, security or user friendliness, 
or a thorough examination of the functionality, are not addressed.  

� IT systems supporting specific maintenance methodologies, strategies 
or policies are excluded, as the aim is to study the role of maintenance 
in the most common IT systems used for maintenance management and 
not specific IT solutions.  

� The IT development efforts have mainly been on conceptual level. Even 
if prototypes of BETUS have been constructed within the research pro-
ject, these are not addressed in this thesis. The IT design parts of the 
thesis are mainly included to form a basis for future discussion on con-
ceptual level. 

1.6 Thesis Disposition 
The outline of the thesis is described in Figure 2 and in the following. Chapter 
one to three are focused on defining the basis for conducting the research. This is 
expressed in Figure 2 as ingoing arrows. Chapter four to eight accounts for the 
results gained from the research, whereas outgoing arrows are used.  

� Chapter one gives the background to the problem of utilising data and 
IT resources within maintenance management and formulates the prob-
lem into scientific questions. The relevance of studying these phenom-
ena and the delimitations made are also accounted for. 

� Chapter two describes the general scientific approach of the thesis and 
the specific methods of study that have been applied in order to answer 
the research questions. Means to reach high validity and reliability are 
also discussed. 

� Chapter three provides the reader with a review of maintenance and 
maintenance management concepts. A discussion of how maintenance 
could become profitable, based on papers included in the thesis, ends 
the chapter. This chapter provides the basis for understanding the de-
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mands on data and information technology within maintenance man-
agement. 

� Chapter four to six discuss the three research questions. Each chapter 
begins with a theoretical discussion from which problems are identified. 
Thereafter solutions are discussed based on the findings in the papers. 
Chapter four discusses the demands of data and IT for maintenance 
management and presents the common database concept. The conceptu-
alisation of IT demands in form of a DSS is also presented. Chapter five 
presents methods for the identification of data and IT for maintenance 
management. The chapter summarises in the last section these methods 
into one combined procedure. Chapter six is focusing on the IT utilisa-
tion of maintenance in terms of IT maturity. The IT maturity of mainte-
nance is discussed from the perspective of scientific literature and a 
model describing IT maturity within maintenance is presented. 

� Chapter seven summarises the results from the papers included and dis-
cusses the scientific and practical contribution of this thesis. 

� Chapter eight draws conclusions of and discusses the research findings 
and outlines future research based on the results of this thesis. Criticism 
of the work included in the thesis is also given.  

RQ2

Problem and Purpose

RQ3RQ1

Chapter 2
Method

Chapter 1
Background

Chapter 7
Results

Chapter 6
RQ3

Chapter 5
RQ2

Chapter 4
RQ1

Chapter 3
Maintenance

Chapter 8
Conclustions

Figure 2 - Thesis disposition 
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2. Methodology 
In this chapter the approaches and methods of scientific research are discussed in 
order to illustrate their applicability to the problem defined in this thesis. Further, 
the approach and methods used in this thesis are presented and motivated.  

2.1 Scientific Approach 
We live in an era characterised by complexity and information intensity (see for 
instance Dahlbom (1997) and Skyttner (2001)) that most scientists, whether they 
are positivists or hermeneutics would tend to agree upon. The difference between 
these scientists lies in the way they cope with this reality. A positivistic approach 
would be to describe the phenomena as objective and neutral with as low inter-
ference as possible from the researcher, focusing on one aspect of the complex 
reality at time. Theories describing the world would for a positivist be either cor-
rect or not, Föllesdahl, Wallö and Elster (2001). This is the traditional natural 
scientific approach, but it has been applied in social sciences as well by for in-
stance Comte and Weber, Holme and Solvang (2001). Hermeneutic scientists, in 
the other hand, would strive to understand the complex reality from a subjective 
perspective, choosing an actor or a point of view that is of interest when studying 
the object. A hermeneutic would not seek truth as absolutely correct or wrong, 
but as explanations of why things are behaving the way they are, Föllesdahl et al. 
(2001). The hermeneutic approach is widely used in social science. Both ways of 
conducting research is fruitful depending on the art of study, and in some cases 
the combination of both would provide maximal opportunities to reach scientific 
goals.  

Most of the real-world complexity today is due to human-made systems, such 
as car traffic, the monetary systems, moon travels and automated production 
processes, Churchman (1968). When studying these systems, we could on one 
side find the concept of technology determinism, which propagates a belief that 
the technology is controlling the humans. According to this perspective, technol-
ogy has its own internal laws and regulations that control the social development. 
On the opposite side we find social determinism, which propagates that the hu-
man society alone creates the technology independent of e.g. natural laws, Nur-
minen (1988). A third approach could be found somewhere between these de-
terministic approaches: general systems theory. A system is, according to general 
systems theory, a set of components and their relations among them. Systems 
theory is sometimes called the natural successor to the positivistic approach, 
Skyttner (2001), and the objects of study are complex systems, interacting with 
other systems, consisting of both material entities such as human beings and ma-
chines and immaterial entities such as information and strategies.  Systems the-
ory has its roots in both natural science and social science, and uses mathemati-
cal and natural laws of cause and effect and experiments as a basis for the more 
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complex systems research, Arbnor and Bjerke (1997) and Skyttner (2001). Even 
though systems theory has borrowed ideas from the positivistic approach, there 
are important differences. Two main characteristics differentiate systems theory 
from positivism, Arbnor and Bjerke (1997): 

1) The models built describing objects are not simple cause-effect models, 
but models showing the interaction between the objects and  

2) One system component cannot be studied in isolation as it will be af-
fected and affects other components within the system. 

Terotechnology, the area of research for this thesis, is defined as a combina-
tion of management, financial, engineering, building and other practices applied 
to physical assets in pursuit of economic life cycle costs, BS 3811 (1993). For 
achieving this, a holistic approach is needed, where the physical assets are seen 
as one component in a dynamic system.  

2.2 Research Methods 
Method is according to Holme and Solvang (2001) a tool; a way to solve prob-
lems and reach new knowledge. The research methods are commonly divided 
into quantitative or qualitative, Burns (2000). Quantitative methods are formal-
ised/structured characterised by scientific control and qualitative methods shows 
up low level of formalisation, Holme and Solvang. In positivistic science quanti-
tative methods dominate, while qualitative methods are commonly used in the 
hermeneutic approach. Research based on systems theory can be conducted us-
ing both qualitative and quantitative methods or by combining the two methods, 
Arbnor and Bjerke (1997). The research approach will affect the choice of re-
search method. Experiments, surveys and structured case studies with data col-
lection that will be processed objectively are of quantitative type, while inter-
views and case studies based on observation are qualitative, Holme and Solvang 
(2001).  

Case studies are well suited for projects using the systems theory approach, 
where a general truth about a phenomenon is not the main goal but rather to es-
tablish the applicability of a model in a certain specified context. Traditionally, 
case studies are used for gaining a better understanding of a phenomenon for 
building theory. The case study method could also be used for theory-testing, 
Merriam (1994). The theory could be rejected, supported or even further devel-
oped by using the findings of the case study. Based on the results of the case 
study, conclusions about the models general usability could be made, Yin 
(1994). The researcher must be aware of the fact that if the context is changed 
the model might also need to be changed. Action research is a qualitative form of 
research resembling case studies, where processes or phenomena, which are de-
pendent on the actions and influences of the researcher, are studied, Wallén 
(1996). In action research, the research method is at the same time the study ob-
ject, and the study design is not separated from the actual study, as in traditional 
research. 
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When building new theory in an applied scientific branch, it is useful to real-
ise the conceptual model into a fully functioning artefact, for instance a proto-
type, Järvinen (1999). The construction process consists of specification, imple-
mentation and a validation stage. All stages can be done as a series or alterna-
tively the specification and implementation stage can be done in parallel. Jär-
vinen points out that the utility of the new artefact sooner or later is evaluated, 
and divides researches stressing utility of artefacts into artefacts-building ap-
proaches and artefacts-evaluation approaches. The artefact building method 
could be seen as a special form of case study that suits all types of realisation of 
conceptual models, ideas or theories.  

Merriam (1994) states that a thorough review of literature should precede any 
research attempt. In most cases, the literature review is forming the basis for new 
research. Järvinen (1999) points out that the theory, model or framework devel-
oped in theory-testing research is taken from, developed or refined based on lit-
erature. The literature review could also be an independent study for showing 
the-state-of-the-art within a certain subject, Merriam. 

2.3 Validity, Reliability and Quality of Research Data 
The reliability of research is determined by the way measurements are made and 
the precision in the processing of information, while validity is dependent upon 
what is measured and if it fits the research problem, Holme and Solvang (2001). 
Research should be carried out such as the research design really gives answer to 
the stated questions. Therefore, there must be a close connection between the ob-
jects of study and the methods used, Graziano and Raulin (2000). This is illus-
trated in the following: A researcher studying the amount of accidents caused by 
insufficient operator training in Swedish industry the past decade will most likely 
fail by using in-depth interviews with random production managers alone. A sta-
tistical study of reported accidents and their causes in Swedish industry com-
bined with interviews including persons that were involved in an accident would 
be more accurate. Further, a valid measure will measure what it is supposed to 
measure, Graziano and Raulin (2000). An illustration to this could be to try to 
find causes to production related accidents by measuring the machine speed and 
load frequency. This would be insufficient. Instead, the combination of technical 
failure related data and data from interviews about specific failures that happen 
in some case companies would be of more interest. Merriam (1994) proposes the 
following as means to enhance validity and reliability in case studies: triangula-
tion, a thorough positioning of the research, collegial and expert reviewing of 
findings, participatory research, long-term studies and participant control, where 
participants in the study reviews and gives feedback on the findings. 

The classic organisation of validity divides the term into four different types: 
statistical, construct, external and internal validity, Graziano and Raulin (2000). 
Statistical validity deals with the accuracy of the conclusions drawn from a sta-
tistical study. Construct validity is the degree to which the theory presented by 
the author provides an explanation of the results given. External validity denotes 
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the extent to which the results can be generalised. Internal validity concerns the 
extent to which the independent variable, and not any external variables, really is 
the one that is affecting the dependent variable. The aim with research is to de-
fine suitable theoretical variables that could be studied satisfactory in experi-
ments, observations, interviews or surveys, but the mapping of theoretical vari-
ables to operational variables often face a conflict between validity and reliabil-
ity, Holme and Solvang (2001). The researcher must therefore do the balancing 
act of finding most suitable variables of the total set available, which represents 
the theoretical frame in the most accurate way that is realisable. To reach high 
validity, the whole research process must be of high quality. A poor theory build-
ing will fail to answer the research questions even if the further investigation is 
ever so unexceptionable.  

A dimension strongly connected to the research validity and reliability is data 
quality. To ensure high quality data, primary data sources are preferred over sec-
ondary, Arbnor and Bjerke (1997). Primary data are data connected to the situa-
tion where it once was created, while secondary data is either processed or has 
been communicated by another, secondary source. Using secondary sources 
could result in compatibility problems, as the data might have been collected 
originally for different purposes and do not fully fit the purpose of the current 
study. The trustworthiness of the researcher could also be affected by using sec-
ondary data, Arbnor and Bjerke (1997). The selection process is also important 
to ensure high quality. For quantitative data, the study objects should be selected 
so they represent the whole population, Holme and Solvang (2001). Quantitative 
studies based upon random sampling face two kind of problems: distortion if the 
selected sample differs from the target population and lack of precision due to 
e.g. imprecise measurement tools or sample size. For qualitative data, study ob-
jects should represent a variety of the studied population and be as informative as 
possible. Qualitative studies could face problems where it is hard to get a maxi-
mal spreading of characteristics within the sample or respondents unwilling to 
communicate or with low communication skills, Holme and Solvang (2001).  

2.4 Thesis Research Design  
This thesis is based on a systems approach. Mathematical models solely, which 
traditionally have explained, maximised and optimised maintenance, are not 
enough to capture the complexity of maintenance. Maintenance must be seen as 
an activity that affects and is affected by its surroundings; it is a subsystem 
within the system called a company that in turn consists of other subsystems. But 
to be able to conduct research in complex systems without landing in a feeling of 
relativity, a researcher needs to limit the area of research and apply methods suit-
able for the problem formulated. To capture the whole characteristics of the ob-
ject of study, a combination of methods would provide a more reliable result 
than applying only one. The author of this thesis has applied different methods 
depending on the nature of the problem. Many of the problems the author faced 
could be treated with other methods too and some implications of future research 
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are given in Chapter 8. Case studies, including the special form of case study re-
ferred to artefact building, have been utilised in Papers I, II, IV, V and VI. The 
main purpose for using case studies has been to validate and verify the relevance 
and uniqueness of the theory developed, or to make the theory operational by ex-
emplifying it. Theory development has been carried out in several papers in form 
of conceptual modelling (Papers I, II, IV, V, VI and VIII).  

In general, for reaching high validity and quality of research a thorough litera-
ture review of the object of study has been the foundation for further model or 
methods development and testing. Paper VII is the result of a major literature 
study of MMIT. One qualitative study is also included in the thesis (Paper VIII) 
as a more formalised way to validate the results reached in Paper VII. The spe-
cific methods used and the objects of study are found in Table 1. In the follow-
ing, the methods used in each paper are presented, motivated and discussed with 
respect to validity and reliability. 

Paper I considers the conceptualisation of a decision support system. This 
model is suitable as high level design input for developing a computerised main-
tenance management support. The model describes functionality currently un-
available in MMIT. To validate the uniqueness of the DSS a case study was con-
ducted in a Swedish paper mill. The case study method was preferred due to fol-
lowing reasons:  

� The study was based upon previous research results that had been 
proved valid, see Al-Najjar et al. (2001). The purpose of this case study 
was to investigate the applicability of the theoretical results in an arte-
fact that would be used in a real environment. The case study was in 
other words used to put a theoretical framework into practice and to 
study the impacts of it in a real-world environment. 

� Since this project was a continuation of an earlier project most informa-
tion for the conceptual model presented in paper one already was gath-
ered and described in earlier reports. This information was evaluated in 
the case study where the results from the previous projects were dis-
cussed with the case company. This was done to secure the validity, re-
liability and the acceptance for the system. 

� The study had also an aim to increase the knowledge of the author 
within the area of research by complementing the theoretical conceptu-
alisation with a real-world view. 

Data were gathered both quantitatively based upon secondary data within the 
case company and qualitatively by semi-structured interviews with managers in 
different positions to obtain primary data. Sources of secondary data were 
mainly computer records and process descriptions. Templates for the interviews 
and study of data coverage of IT systems are to be found in Appendix A. 
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Table 1 – Methods, study objects and data used in the thesis 
Method Data gather-

ing tech-
nique

Objects of 
study

Type of data 

Paper
I

Case study 
based on obser-
vations and in-
terviews

Qualitative/
Quantitative

One paper mill Observations of the produc-
tion process and available 
maintenance documentation, 
interview responses from 
maintenance, production and 
IT managers 

Paper
II

Artefact build-
ing based on 
secondary data 
collection

Qualitative/
Quantitative

One paper ma-
chine

Technical and economic data 
regarding the machine during 
1997 to 2000 

Paper
III

Literature sur-
vey based on 
selected litera-
ture

Qualitative Literature con-
cerning CM, 
CBM and OCT 

Full length texts 

Paper
IV

Case study 
based on re-
verse engineer-
ing

Qualitative Two IT systems 
(CMMS and 
ERP)

Forms, views and reports 
available in the application 
software

Paper
V

Case study 
based on par-
ticipation

Qualitative The develop-
ment process 
connected to 
results in Paper 
I and II 

Own experiences and project 
documentation 

Paper
VI

Case studies 
based on obser-
vations and in-
terviews

Qualitative One paper mill 
and one printing 
works

Observations of the produc-
tion process and available 
maintenance documentation, 
interview responses from 
maintenance, production and 
IT managers 

Paper
VII

Literature sur-
vey based on 
database search 
for suitable pa-
pers 

Qualitative 97 scientific pa-
pers within the 
topic of MMIT 
and additional 
readings in 
books

Full length texts

Paper
VIII

Quantitative
study based on 
database search 
for suitable pa-
pers 

Quantitative 268 scientific 
papers within 
the topic of 
MMIT  

Key words, titles and ab-
stracts

In Paper II the data need of the DSS presented in Paper I was modelled into a 
database, whereas the database is to be seen as an artefact. For reaching the data-
base model in paper two, researchers with knowledge about maintenance per-
formance and database modelling were co-operating in the development. The 
team was mainly working according to a serial development process, as the 
specification was fairly complete and clear since it was based on earlier research. 
Tests with real historical data were also conducted to secure the validity of the 
system. These data regarding one paper machine and were gathered during 1997 
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to 2000 by the previous project team as described above. The uniqueness of the 
DSS with its database was further validated using two additional sources: litera-
ture on MMIT and commercial MMIT.  A literature survey covering mainte-
nance information technology was conducted in autumn 2003 / spring 2004 
which resulted in 121 articles. These articles were all reviewed and those of spe-
cial relevance read in full length. Furthermore, a preliminary study of commer-
cial IT systems used for maintenance management in Swedish industries was 
conducted in autumn 2003 in order to get an apprehension of the state-of-the-art 
within this area. To assure that relevant objects were included, the selection of 
objects was based on information provided by Swedish Center for Maintenance 
Management (Underhållsföretagen) and Data Research DPU AB, two organisa-
tions with knowledge about CMMS’ and ERP systems used in Swedish industry. 
Sixteen CMMS and seven ERP systems were included in the study. 

Paper III is a literature study of three interrelated terms within maintenance 
and their impacts on the strategic level of a company: condition monitoring 
(CM), condition-based maintenance (CBM) and on-condition tasks (OCT). Such 
a study could be conducted using several methods, but as the purpose was to 
bring order into the scientific use of these terms and their interconnection, the 
author chose to use the sources mainly available by researchers, i.e. literature. 
The terminology confusion that exists currently restricts the use of surveys or 
case studies for this kind of research, as it is preferable to have a consistent ter-
minology first in order to reach high validity.  

Paper IV presents a theoretical framework for the maintenance decision-
making process. The conceptual model developed is based upon a literature sur-
vey within the topic, as well as on the main author’s experiences from research 
and industry. Included in Paper V is a case study where the objects of study are 
databases within IT systems. Having no access to the database design or con-
struction documentation, the author used reverse engineering, i.e. the process of 
decomposing something and analyse its working in detail. This was made by 
studying the forms, views and reports available in the application software to 
recreate the structure of the underlying databases. The database models were 
thereafter checked against the IT system to assure the correctness. The objects 
were chosen to represent different MMIT used and as there are only two main 
categories of administrative maintenance applications, CMMS and ERP systems, 
the objects chosen represented each of those. The databases were investigated for 
their ability to provide maintenance related data, using two maintenance key per-
formance measures as test objects. These performance measures were chosen be-
cause of to their structure, as both technical and economic data are needed in or-
der to assess them. 

Paper V enhances the discussion and definition of the common database con-
cept which was first presented by Al-Najjar (1996). This is made mainly by util-
ising available published research within the topic. As an exemplification and 
validation of the usefulness of the common database concept the development 
process and the results of Papers I and II were used. In this case study, which 
could be seen as action research, the authors own experiences as project partici-
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pants were utilised as main source of data, but also more formal project docu-
mentation such as meeting notes and project plans. For the validity and reliability 
of the DSS, the same implications as stated for Papers I and II exist. 

The connection between maintenance business needs and the requirements of 
IT are described in a conceptual model in Paper VI. The model is based on the 
information systems success model of DeLone and McLean (1992). Maintenance 
management needs are identified from current research and standards (EN13306, 
and BS3811) regarding maintenance and its management. A literature survey 
was also conducted within the area of MMIT procurement and requirements de-
termination to assure the theoretical relevance and importance of the results. The 
knowledge gained in a smaller case study, where the aim was to describe the cur-
rent maintenance business of a printing works, and to suggest improvement pos-
sibilities mainly in form of suitable maintenance concepts and policies to use, 
was used in Paper VI for exemplifying the IT requirements identification process 
in a maintenance organisation not currently using a CMMS.  Data for this study 
were gathered during spring 2003 mainly in the form of a semi-structured inter-
view with the maintenance responsible, which also was the production manager. 
Observations were made on site in the printing works, in the control room and in 
the production manager’s office, in combination with the interview. The tem-
plate for data gathering is found in Appendix B. The case study performed for 
Paper I was used to describe a highly computerised maintenance organisation 
and the way they could utilise the IT requirements identification model.   

The results of a structured literature study were presented in Paper VII. The 
material from the original literature survey used in Paper II was re-examined and 
some articles removed as they did discuss computerised maintenance manage-
ment in less extent than first estimated. The databases used for the survey were 
Elsevier, Emerald, and IEEE. An additional search was made in a full text data-
base search tool ELIN (Electronic Library Information Navigator) that integrates 
a vast number of databases, e.g. Elsevier, Emerald, IEEE, Proquest and Springer 
to cover articles that were missed in the first search. Key words were chosen for 
their ability to cover most aspects of MMIT without being too specific. Generic 
terminology, such as IS, DSS and ES, was for instance chosen to cover the IT 
system aspect. All 97 articles were published in the period 1988 to 2003. Addi-
tional reading was made in books about maintenance and computerised mainte-
nance management systems, especially to capture the missing period 1960-1988.  

In Paper VIII a quantitative study on MMIT literature was conducted. The da-
tabases Elsevier, Emerald, and IEEE were searched for suitable articles within 
the topic of MMIT, with an additional search in ELIN. 267 articles in total (Em-
erald 22, Elsevier 64, IEEE 170 and ELIN 12) were found covering the period of 
1988-2005. The data set was used to test four hypotheses regarding the develop-
ment of MMIT, where a shift in focus from one extreme to another was ex-
pected. In order to detect any changes over time, the linear trend and their R2

value were assessed for the different focuses of each hypothesis. The goodness-
of-fit of the hypotheses was also assessed by conducting multivariate analysis in 
form of a chi square test. For validating the reliability of the assessment, 20 arti-
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cles were randomly chosen, read in full-length and assessed, whereupon the as-
sessment of the full-length article was compared to the assessment of the key 
words and abstract. As a result of Paper VIII a model for describing the IT ma-
turity of a maintenance organisation is presented. This model is an adaptation of 
the IT maturity and growth model of Nolan (1979). 

2.5 A note on modelling languages 
The conceptual database models in papers II, IV and V are presented using the 
Entity-Relationship (ER) modelling technique. ER modelling is a graphical 
method that logically describes a business, an organisation or a problem area. ER 
modelling is mainly used as a tool to determine the data need in a business as a 
high level step in relational database development. Two types of notation are 
found in the papers. In Paper II and V Chen notation is used, Chen (1976), where 
the entities (information) are denoted as rectangles and relationships between en-
tities as diamonds in the diagram. The cardinality, i.e. the number of instances of 
one entity that can be associated to instances of another entity, can be one-to-one 
(1:1), one-to-many (1:M) or many-to-many (M:N). In Paper IV Unified Model-
ling Language (UML) notation is used instead, where entities are found as rec-
tangles. The name of the entity is found at the top of the rectangle and the attrib-
utes are listed under the entity name. The name of the relationship is found in 
italic on the line connecting two entities. The use of different types of notation is 
due to the size of the ERP database of Paper IV. Chen notation requires a lot of 
space, and the ERP database was too huge to model with Chen notation without 
severely affecting the readability of the figure. The author prefer using Chen no-
tation, or any other notation connected directly to ER-modelling, as these are de-
veloped having data modelling as main purpose, while object-oriented methods, 
such as UML, have been developed mainly for describing objects and classes. 
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3. Maintenance Management 
In this chapter the role and goals of maintenance are discussed and connected to 
company strategic goals of profitability and competitiveness. First standards and 
terminology of maintenance are addressed. Thereafter the role and goals of main-
tenance are discussed. The discussion is based on the content of the papers in-
cluded in the thesis when applicable.  

3.1 Maintenance Management Standards and Terminology 
Maintenance management terminology is defined in several standards. The stan-
dard BS 3811 (1993) contains a glossary of terms used in terotechnology. The 
purpose of the standard is to enable all personnel to participate in the corporate 
decision-making process. The standard ensures the cross-functional communica-
tion by promoting the use of standardised terminology. The terms are structured 
in accordance to the equipment life cycle phases: concept and acquisition, pe-
riod-of-use and end-of-life. EN 13306, Maintenance terminology, is another 
standard defining terminology. The terms consider maintenance and its man-
agement, excluding software maintenance, SIS (2001). In the introduction, main-
tenance is presented as an essential contributor to the dependability of an item. 
Correct and formal definitions are therefore needed which will give the users of 
maintenance related standards a better understanding of the maintenance re-
quirements. In the following, the definitions of maintenance management, policy 
and strategy are given. 

Maintenance management is defined in EN 13306 as all activities of the man-
agement that determine the maintenance objectives, strategies, and responsibili-
ties and implement them by means such as maintenance planning, maintenance 
control and supervision, improvement of methods in the organisation including 
economical aspects, SIS (2001). The same standard define the term maintenance 
strategy as a management method used in order to achieve the maintenance ob-
jectives and goals, while a policy according to BS 3811 describes the interrela-
tionship between whom to carry out maintenance, where to carry out mainte-
nance, and the set of maintenance actions to be carried out. Thus, the mainte-
nance strategy describes the focus of the maintenance organisation in order to 
reach maintenance goals. This could be realised using different policies for dif-
ferent objects to be maintained. Thus, several policies could be applied under 
one maintenance strategy.  

The interpretations have been vast when it comes to classifying the mainte-
nance approaches into strategies or policies. Lu and Jiang (2007) describe three 
maintenance policies: corrective, time-based preventive and condition-based 
predictive, which to high degree corresponds with the EN 13306 classification of 
maintenance into corrective and preventive. Preventive maintenance is in turn 
divided into two subcategories: condition-based and predetermined maintenance. 
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An extensive classification of maintenance policies is found in Wang (2002). 
The author describes six policies for single-unit systems with several examples 
of each category: age-dependent, periodic, failure limit, sequential, repair limit 
and repairs counting. All policies in Wang stress the mathematical modelling of 
an optimal maintenance policy. A quite different perspective on the term policy 
is found in Labib (2004). The author describes, from his point of view, the tradi-
tional division of maintenance policies into following categories: technology ori-
ented (Reliability Centred Maintenance, RCM), human factors oriented (Total 
Productive Maintenance, TPM) and monitoring and inspection oriented (Condi-
tion-Based Maintenance, CBM). 

When studying the term strategy, we see many similarities with the classifica-
tions of policies. Wang, Chu and Wu (2007) consider four maintenance strate-
gies: corrective, time-based preventive, condition-based and predictive mainte-
nance, i.e. almost the same classification of policies by Lu and Jiang. Sharma, 
Kumar and Kumar (2005) recognise five maintenance strategies: reactive, pre-
ventive, CBM, RCM and TPM, which could be seen as a combination of almost 
all classifications presented above. 

3.2 The Role of Maintenance 
Traditionally, maintenance has been about retaining and restoring items to a state 
where they are able to perform a required function, i.e. a narrow technical per-
spective of the role of maintenance. But in recent years, maintenance has been 
considered as an activity contributing efficiently to the companies' strategic ob-
jectives in profitability and competitiveness. The awareness of maintenance as a 
strategic factor within a company is established in literature, see for instance Riis 
et al. 1996, Al-Najjar (1996), Murthy, Atrens and Eccleston (2002), Tsang 
(2002), Swanson (2003), Al-Najjar and Alsyouf (2004) and Alsyouf (2004).  

The Total Quality Maintenance (TQMain) approach developed by Al-Najjar 
(1996, 1997, 2002) does include above mentioned traditional goals of mainte-
nance but goes one step further and look at possible effects of maintenance on 
the outcome of production processes and company business. TQMain is defined 
to be a means for monitoring and controlling deviations in a process condition, 
product quality and company's economy, and for detecting damage/failure 
causes and potential failures in order to infere (when possible) to arrest or re-
duce machine deterioration rate before the product characteristics are intolera-
bly affected and to perform the required action to restore the machine/process or 
a particular part of it to good as new. All these should be performed at a con-
tinuously reducing cost per a good quality item. (Al-Najjar 2002 paper no. 2, p. 
4). This approach stresses in other words not only the quality of equipment, but 
the quality of all the essential elements in the manufacturing process, such as 
personnel, material, operations, environment, methods, processes and products. 
TQMain is based on real-time data acquisition and data analysis. The desire is to 
measure and extract information from the manufacturing process and find rea-



22

sons to quality deviations in order to eliminate root causes and prevent their re-
occurrence.  

The quality of a product is related to the quality (i.e. the condition) of the ma-
chine. When the machine condition is kept on a high level, the outcome will be 
high quality products, Al-Najjar (2000). TQMain consider condition-based (vi-
bration-based) maintenance as the backbone activity, i.e. the activity that plays a 
central role in improving the whole process, Al-Najjar (1997). Condition-based 
maintenance (CBM) could be used to assess and improve product quality and to 
monitor machine condition and estimate time to failure. Especially vibration-
based maintenance (VBM) has been proved as the maintenance strategy that is 
the most informative when finding causes to failures in machines, Al-Najjar 
(2002b). TQMain does not explicitly stress the machine condition alone, but the 
condition of the whole production process. The condition of the process is de-
fined by the states of the elements constituting it, e.g. machines, policies, envi-
ronment, staff, methods, procedures, material and service. Machine condition is 
therefore one part of the total process condition and just as the state of the ma-
chine is monitored, so should the other parts be, Al-Najjar (1996, 2002b). This 
connection is two-way; the condition of all elements in the process will also af-
fect the condition of the machine. 

3.5 Achieving Profitable Maintenance 
In the following, the connection between maintenance and company profitability 
is discussed. The discussion is summarised in Figure 3. As stated in the introduc-
tion, profitability refers to long term benefits rather than to short term impacts, 
expressed as the return on investments, Anthony (1998). When measuring main-
tenance profitability the impact on other areas is measured, for instance by stat-
ing the maintenance contribution to the equipment life cycle profit, Alsyouf 
(2004). The profitability is reached by developing competitive advantages. Ac-
cording to Porter (1985) there are two generic ways to react upon the company 
external environment in order to reach competitive advantages: low cost and dif-
ferentiation. Low cost of products could be achieved by tight cost control, 
economies of scale or by cost minimisation in the support activities. Paper III 
connects competitive advantages with maintenance: By applying an effective 
maintenance strategy maintenance cost control could be achieved. An effective 
maintenance strategy could also result in more efficient use of available produc-
tion-related resources leading to production cost control. Differentiation aims at 
offering something perceived as unique by the customers. Uniqueness could for 
instance be the ability to offer high quality products and delivery in time or a 
good company reputation. Paper III describes maintenance contribution to the 
company differentiation by enabling delivery in time of high quality products. 
Positive impact on company reputation, especially for safety critical industries, is 
another competitive advantage that could be reached by effective maintenance. 

Maintenance management has in Paper VI been described as activities in or-
der to reach the goals of efficiency, effectiveness and cost-effectiveness in the 
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maintenance area and where the overall goal is to contribute to company’s prof-
itability and competitiveness. Paper IV points out that it is important that activi-
ties carried out on operative level are based upon the overall strategic goals of 
the company, otherwise there is a risk of doing things with less efficiency or ef-
fectiveness. The maintenance activity that is done somewhere in the production 
process might be appropriate to solve an immediate problem, but not necessary 
being the most cost-effective one. Maintenance cost-effectiveness is in this thesis 
defined as a measure of how much the considered maintenance policy is eco-
nomically beneficial in the long run, see e.g. Al-Najjar (1997). Al-Najjar and Al-
syouf (2003) concludes that the most cost-effective maintenance policy is the 
one that is able to provide the required information about failures, given that this 
information will be utilised effectively. The chosen policy must also fit the com-
pany overall goals that are set, but also the current maintenance and production 
situation of the company. The strategic goals of maintenance would be to 
achieve cost-effectiveness while assuring the general goals set for the produc-
tion, e.g. availability, reliability, quality or safety. If cost-effectiveness is reached 
in maintenance, this will directly affect other areas, e.g. the production and prod-
uct quality, raising the total company internal effectiveness, which in turn re-
duces internal costs while increasing customer satisfaction.  

Production goals

Company goalsMaintenance goals

Profitability

Low cost
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Figure 3 – The connection between maintenance and profitability

The strategic goals are decomposed into quantitative and qualitative tactical 
goals and measurable objectives on operational level. Effective utilisation of 
available resources within maintenance is the main goal on the tactical level. 
Management activities that support the effective utilisation are the optimisation 
of schedules and inventories and the prioritising of activities that should be car-
ried out, see Pintelon, Preez and Van Puyvelde (1999). Paper VI states that an ef-
fective resource utilisation in maintenance demands knowledge, training and an 
organisation suitable for the strategy and policies applied.  In addition, the tech-
nical requirements of having the right tools, technology and material are neces-
sary. The maintenance efficiency could be seen as equal to the resource effi-
ciency of conducted maintenance by using a certain maintenance policy �. Al-
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Najjar (1997) defines an efficient maintenance policy as having high accuracy 
and effectiveness. The accuracy is the proportion of total expected number of 
failures using a reactive strategy to the expected number of removals using pol-
icy �. The effectiveness is the proportion of expected number of failures and un-
planned but before failure replacements avoidable by policy � relative to the ex-
pected number of failures using a reactive strategy. Skilled personnel conducting 
appropriate maintenance tasks using available tools correctly are needed in order 
to reach maintenance efficiency. Furthermore, well formulated routines and 
guidelines telling whom, what and when to conduct the tasks are required. 

In several of the papers that form the basis for this thesis, see e.g. Papers II, 
IV and V, the holistic perspective of maintenance is seen as a central requirement 
for successful maintenance management. Cost-effective continuous improvement 
of maintenance cannot be done by focusing on the maintenance process alone, as 
it is closely related to other processes within the company. Process integration, 
or at least an integrated attitude towards maintenance that forms a holistic view, 
is therefore needed.  
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4. Demands on Data and Information 
Technology Systems for Maintenance 
Management
Data is one of the necessary resources needed for maintenance management. In 
the following, the requirements of data for strategic maintenance decision-
making will be discussed. Data is a prerequisite for decision-making in mainte-
nance, but in parallel with the increased complexity of production, the complex-
ity of decision-making has increased. IT systems which capture, store, process 
and presents data in an appropriate way are therefore another important resource 
within maintenance management. 

4.1 Data Requirements for Maintenance Management 
Maintenance affects and is affected by several closely related working areas, see 
e.g. Jonsson, (1999), Sherwin (2000) and Waeyenbergh and Pintelon (2002). To 
be able to show the impact of maintenance, data from various IT systems serving 
different working areas relevant to maintenance are needed, see e.g. Al-Najjar et 
al. (2001). The standard IEC 62264 (2003, 2004, 2007) illustrates these depend-
encies and the effects on information sharing within production capacity by de-
fining three main areas of information that significantly overlap: production ca-
pability information, capability scheduling information and maintenance infor-
mation. The overlap is described in Figure 4. 

Production
capacity

information

Capacity
scheduling
information

Maintenance
information

Production 
capacity

Production 
equipment status

Preventive/predictive 
maintenance information

Scheduled production 
equipment availability

Figure 4 - The dependencies between production capability, capability scheduling and 
maintenance management (IEC 62264-1 (2003)) 

The use of performance monitoring and follow up by measures and indicators 
is of importance for all kind of manufacturing industries, see e.g. Miraglia et al. 
(2002) and Otto and Kotzab (2003). The use of key performance indicators is 
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one way to connect the technical investments to economic impact, and in main-
tenance such indicators have been defined recently in the standard EN 1541, SIS 
(2007). Several authors agree that both technical and economic performance in-
dicators and performance measures are needed, Pintelon and Van Puyvelde 
(1997), Dwight (1999) and Al-Najjar, Hansson and Sunnegård (2004). Traceabil-
ity to root causes of deviations in these measures is also needed, Al-Najjar (1997, 
1999). For economic data, the direct maintenance costs are usually relatively 
easy to identify. Indirect costs, such as the cost of poor quality and reduced mar-
ket shares, are harder to associate with maintenance, Al-Najjar and Alsyouf 
(2004). The authors note though that with the introduction of company-wide IT 
systems, much of the data needed for assessing indirect costs are to be found. 
Furthermore, the authors criticise the common division of maintenance-related 
costs into direct and indirect costs, which falsely implies that maintenance is no 
more than a cost centre. Instead, the economic benefits that could be gained, i.e. 
savings in the results of other working, should be stressed. Even harder is to es-
timate the profits to be gained by effective maintenance, Alsyouf (2004).  

Several standards have been developed to support enterprise integration espe-
cially focusing on the definition and sharing of corporate data and enabling 
smooth IT integration and could therefore be an input for determining suitable 
data. The Open System Architecture for Enterprise Application Integration 
(OSA-EAI) models maintenance data in form of the common relational informa-
tion schema (CRIS), MIMOSA (2006a). This extensive relational database 
schema consists mainly of maintenance related technical data. No economic data 
is currently modelled by CRIS. Open Systems Architecture for Condition-Based 
Maintenance (OSA-CBM), an implementation of the ISO 13374 standard for 
machinery diagnostic systems, uses many of the data elements defined in OSA-
EAI, and could be seen as a subset of OSA-EAI, MIMOSA (2006b). Therefore, 
this standard suffers from the same delimitations as OSA-EAI. Other standards 
that have been utilised for maintenance purposes are the Computer Integrated 
Manufacturing Open System Architecture (CIMOSA) and the General Reference 
Architecture Model (GERAM). Léger et al. (1999) and Léger, Iung and Morel 
(1999) describe models and applications integrating proactive maintenance at a 
corporate level using GERAM and CIMOSA, which also cover the information 
need of maintenance. These models, just as OSA-CBM, are focused on the tech-
nical maintenance data. Furthermore, the standards EN 13460 and EN 15341, 
which are addressing maintenance documentation and key performance measures 
respectively, could be utilised for the definition of maintenance data, SIS (2002, 
2007). The problems faced in retrieving maintenance data is not connected to fi-
nancial alone, but also to technical data, Lee et al. (2006). Much of the data 
needed for maintenance are found in the automation (transducer and sensor) 
level. A shortcoming of both OSA-CBM and IEC 62264 reported in Lee, Gao 
and Schneeman (2002) and Carnahan et al. (2006) is the missing link between 
manufacturing control and automation level.  

Especially for advanced maintenance strategies of proactive and predictive na-
ture the demand on data is high. TQMain, for instance, is based on making inten-
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sive use of real-time data for detecting and analysing causes of deviations in 
product quality and machine condition, the ability to access relevant data be-
comes a central. As a solution to this problem, Al-Najjar (1996) launched the 
concept of a common database, where it was described as data acquisition and 
analysis without duplication by integrating (software) programs for vibration-
based maintenance and for operation/production, quality control and environ-
mental condition. The goal of the common database was to enable integration of 
plant operations for maximum economy, Al-Najjar (1997). The possibilities of 
using the available data for creating a common database have been explored in 
several studies. In Al-Najjar (2000b) two case studies on rolling element bear-
ings were presented. The main objectives of these studies were to explore the 
possibility of using the available data, which were gathered from different activi-
ties, to improve diagnosis, prognosis, experience, data quality, and a company's 
economy, when a vibration-based maintenance VBM policy for rolling element 
bearings is used. In Al-Najjar et al. (2001) economic data were connected to 
technical data to create useful key measurements for identifying, monitoring and 
controlling the economic importance of using VBM. Data were collected from 
two case companies for this purpose.  

4.2 Information Systems Requirements for Maintenance 
Management 
Over a period of some decades the process of decision-making and corporate 
management has changed tremendously, just as most activities within the com-
panies, due to the progress of information technology. This is also the case for 
maintenance with the introduction of maintenance management IT, i.e. applica-
tions used for maintenance management purposes such as CMMS’ and mainte-
nance management or asset management modules in ERP systems. The decision-
making process of maintenance has been recognised as important by many au-
thors, resulting in models for the maintenance decision process, see for example 
Pujadas and Chen (1996), Al-Najjar (1999), Sherwin (2000) and Waeyenbergh 
and Pintelon (2002). In addition, the possibility to process data is important. The 
literature survey of MMIT presented in Paper VII showed that the topic of deci-
sion support systems has increased continuously in scientific articles during the 
last forty years. Thus, the need for computerised decision support within mainte-
nance is recognised.  The demands on MMIT has shifted over the years from be-
ing a tool to automate preventive maintenance management, such as task sched-
uling, plant inventory and stock control or cost and budgeting, to support predic-
tive and proactive maintenance by providing real time data processing, effective 
communication channels and business function integration, Pintelon, Preez and 
Van Puyvelde (1999) and Labib (2004).  

But today’s CMMS do not support decision analysis, Labib (2004). IT sys-
tems for maintenance purposes are mainly administrative and restricted to main-
tenance budget control, Pintelon et al. (1999). Halfkamp and Schutters (2001) 
also recognise the lack of decision support and present the design and implemen-
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tation of a maintenance management system with an expert system included. The 
preliminary study of contemporary maintenance management IT systems, which 
results’ were presented in Paper II, draws the same conclusions. Most CMMS's 
have functions for maintenance budgeting and cost control and for follow up in 
form of work order history. Few have failure statistics, capacity measures and 
Overall Equipment Effectiveness (OEE) implemented. In ERP systems with a 
maintenance module, follow up is often directly connected to the maintenance 
work, i.e. if the work order was conducted in time or cost control of the mainte-
nance department. More advanced ERP systems contain statistics that could be 
used for maintenance optimisation, such as mean time to repair or mean time be-
tween failure and technical follow up like OEE and capacity measures. Some in-
tegration of condition monitoring data and diagnosis could be found in the IT 
systems, even if the data mainly is used to determine maintenance jobs. The his-
torical condition monitoring data cannot be processed for making diagnosis or 
prognosis. Even if data are available, the standard reports could be very simple 
and the ability to create customised reports is included in less than half of the 
CMMS’ that were studied. This drawback was addressed by e.g. AlAqeel, 
Noyles and Enderle (2000) and resulted in the development of a customised re-
port generator for technical and financial performance monitoring using data 
held in a CMMS database. For providing maintenance decision-makers with reli-
able and easy accessible data, e-maintenance has been promoted by several re-
searchers. Today several e-maintenance solutions have been developed and 
tested, such as TELMA, Muller, Suhner and Iung (2008), the Watchdog Agent, 
Lee et al. (2006) and the e-maintenance systems developed by Han and Yang 
(2006) and the Proteus project, Rasovska, Chebel-Morello and Zerhouni (2005). 

4.3 Problems Connected to Maintenance Data Definition and 
Retrieval
Already in the problem presentation (section 1.2), the heterogeneity of data was 
described as a major problem in creating a data-set for maintenance manage-
ment. Data is scattered over several IT systems, and some data are perhaps not 
even to be found in the corporate databases, but as paper records or non-written 
knowledge of workers. A better understanding of data requirements for mainte-
nance management is needed. Studies are lacking in where to find the informa-
tion needed for this estimation, Alsyouf (2004). Even if there are many standards 
available, these are hard to utilise for defining maintenance data. OSA-EAI and 
OSA-CBM cannot in be utilised in defining the economic aspects of mainte-
nance, as they do not model these kinds of data, and data on automation level are 
also missing. For addressing these above discussed problems, the common data-
base concept was defined and tested for applicability by Al-Najjar and his re-
search team, but a more thorough investigation of the actual realisation of this 
concept was found as important by the author of this thesis. The results from 
several papers regarding the demands on data for maintenance management are 
summarised in section 4.5.  
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4.4 Problems Connected to Maintenance Management 
Information Technology 
MMIT today lack the decision support, especially for tactical and strategic deci-
sion-making, that advanced maintenance requires. In Paper I and V a decision 
support system is described, which could overcome some of the deficiencies of 
available MMIT, see section 4.6. 

4.5 Assuring the Demands of Maintenance Management Data 
Paper IV recognises five principles for developing an industrial database (a 
common database) that supports cost-effective maintenance decisions. In the fol-
lowing, four of these principles are discussed with respect to the findings of the 
papers I, II, III, IV and V. The fifth principle states that the database should ac-
quire a dynamic interface with the user, enabling the company to enhance its 
content and structure at need. Principle five is a technical consideration rather 
than a high-level design issue that the common database concept represents, even 
if the ability to expand or change the database is to some extent covered in the 
fourth principle. 

Paper IV discusses problems that occur when using off-the-shelf software for 
maintenance management and concludes that the data structures of these IT sys-
tems reflect the view of maintenance that is given by IT developers and vendors. 
The decisions within maintenance that could be made are therefore dependent on 
the understanding of maintenance that is given in the logic of the IT systems. 
The ability to find suitable data in common commercial MMIT was furthermore 
examined in Paper IV. The databases of a CMMS and ERP system respectively 
were assessed for their ability to support relevant technical and economic data 
needed to assess two maintenance performance measures: the direct maintenance 
costs per produced quality item (DCQ) and losses due to non-utilisation of the 
fixed cost because of production performance disturbances (NPD). The study 
showed that none of the databases could provide the data needed. The CMMS 
covered parts of the basic maintenance related technical and economic data, but 
lacked production related data while the ERP system contained maintenance spe-
cific data as well as data about e.g. production and quality but not to full extent. 
In order to overcome the problems with off-the-shelf software, data must be se-
lected carefully and deliberately, forming the first principle of a common data-
base: The identification of the variables to be measured, monitored and 
saved should be achieved by using backwards analysis. 

The first principle states that data should be chosen deliberately, depending on 
the needs of decision-making, and not the other way around, i.e. based on what 
data that seems to be available. Even if the data coverage of one single IT system 
might not be sufficient, the data coverage in industries is in general higher, as 
they often utilise more than one IT system. Paper I reports on the results from a 
case study on a paper mill, where one aim was to describe current structure and 
use of IT systems for maintenance management, and to find the root sources of a 
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set of twenty-four predefined information parameters. All except three of these 
information parameters were found digitally stored in the company databases, 
but distributed over three applications: an ERP system, a financial system and a 
production control system, all with separate databases. Even if data were avail-
able, smooth retrieval of these was not possible at the present time due to data 
heterogeneity problems. These findings shows the potentials of accessing data in 
industry, but also pinpoints the problems companies must face with heterogene-
ous data sources.  

Paper V concludes that activities in areas such as production and quality 
should be coordinated with maintenance to be as cost-effective as possible, 
which in turn indicates the need of shared data and structured communication 
channels. When describing the maintenance business, these connections should 
be included in order to get a holistic view of maintenance. The use of conceptual 
modelling for the creation of business models is by the author of this thesis seen 
as one important means to achieve holistic representations of maintenance data 
and information requirements. Maintenance business models on information and 
data level are presented in Paper V and II respectively. The need of a holistic 
representation is formulated in principle two: The data gathered should be able 
to provide a possibility for developing a reasonably holistic view for the 
rapid technical and economic mapping of the situation. 

Paper III examines how condition-based maintenance (CBM) and on-
condition tasks (OCT), an action defined in reliability-centred maintenance 
(RCM), utilise condition monitoring (CM) information. Both on-condition tasks 
and condition-based maintenance uses CM as main source of information regard-
ing maintenance execution decisions. In RCM, actions are taken as soon as the 
deterioration is found, regardless if it is a false alarm or not, or taking into ac-
count the component's residual lifetime. CBM utilises the information provided 
by CM not only for detection of a potential failure, but also for diagnosis and 
prognosis purposes. The differences in the utilisation of CM information affects 
the impact OCT and CBM has on the company strategic level. Paper III shows 
that OCT has limited impact on the overall competitiveness, mainly in form of 
reduced breakdowns, extended component life and reduction of scrap and defect 
products. CBM could reach higher impact: By applying CBM great advantages 
in form of reduced production and maintenance costs, increased customer ser-
vice, and positive impact in the company reputation could be achieved. The abil-
ity to utilise the available data in the most efficient way is thus important. Also, 
it is important to select the most informative measurable variables for the moni-
toring and assessment of maintenance. This is addressed is in principle number 
three: The database should not be too big to enable the easy management of 
the data and make it cost-effective. It should primarily focus on the most es-
sential measurable variables that can provide a possibility for covering a 
relatively wide spectrum of the situation contents. 

Paper V states that the information and data need is not a static condition of a 
maintenance process. For example will the continuous changes within the areas 
of production and market lead to continuously changing data need. Conse-
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quently, this will affect the information systems used for maintenance, where 
new features or data are inevitable in order to continuously improve mainte-
nance. Thus, when mapping the maintenance data need, one have to take into ac-
count not only current needs, but also prepare for future needs. By conceptualis-
ing the data need before building the actual database, e.g. by means of ER mod-
elling, the possibilities to enhance or reduce the data content are thus taken into 
concern early on in the design process. Furthermore, a solution on data integra-
tion level rather than on IT integration level was in Paper IV proposed as the 
most suitable for an industrial database for maintenance purposes. Different het-
erogeneous data sources can in this way be used to create a homogenous, com-
mon database for specific needs without changing the structure of the root 
source, keeping the ability to trace back to the root sources. This supports the 
fourth principle: The database should be built up to provide possibilities for 
applying cost-effective continuous improvement. This is why it is important 
to design it with respect to flexibility and changeability. 
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Figure 5 - Conceptual information model showing a holistic representation of mainte-
nance

Figure 5 describes maintenance and its information need from a holistic per-
spective by using the ER technique. This model illustrates the complexity of the 
problem on the information level for readability reasons. If we would like to rep-
resent the need in form of data instead of as information, the situation would be-
come even more complex. The entities (information) are denoted as rectangles 
and relationships between entities as diamonds in the diagram. The cardinality, 
i.e. the number of instances of one entity that can be associated to instances of 
another entity, can be one-to-one (1:1), one-to-many (1:M) or many-to-many 
(M:N). The model is divided into three clusters: Production, System and Mainte-
nance. The system found in the middle of the diagram is denoting a machine, 
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equipment or the full production system. The cluster Production in the top left is 
describing the production related entities, including the quality of product and 
production process. Next cluster named Maintenance found in the top right is de-
scribing the maintenance. Maintenance has as aim to preserve the functionality 
of a total system, but maintenance activities are carried out on single compo-
nents. In Figure 5 components on a node level and subsystems are modelled in 
one entity (COMPONENT) with a recursive relationship to itself. A system con-
sists of components in form of modules or sub-systems, which in turn can consist 
of components. The last cluster System consists of entities that describe the sys-
tem with its surroundings. Here we find operators, the location and the environ-
ment where the system works in. The performance of the system is dependent 
upon the system condition and could therefore be directly influenced by mainte-
nance. Thus, to be able to make cost-effective decisions we need information 
concerning not only maintenance, but information representing various activities 
and working areas within the company.  

4.6 Providing Possibilities to Measure Maintenance Impact on 
Companies’ Profitability and Competitiveness 
The common database approach was applied in the modelling of BETUS, a deci-
sion support system for monitoring and assessing maintenance technical and fi-
nancial impact on company’s profitability. BETUS is an acronym that in Swed-
ish denotes Beslutstödsystem för Ekonomisk och Teknisk UnderhållsStyrning 
(DSS for financial and technical maintenance management). The conceptual 
model of the DSS was presented in Paper I and a database supporting the DSS in 
Paper II. The DSS and database were developed in parallel and illustrate the ne-
cessity to define not only IT functionality or data requirements of maintenance 
management, but to define both. The work was summarised in Paper V serving 
as an exemplification of how the common database approach could be utilised in 
a real-world application.

Input to BETUS

Enterprise
databases

BETUS 
function categories

Status of the 
production process 
with respect to 
maintenance

Maintenance 
investment 
recommendations

Raw data

Aggregated data/    
Deaggregated data

Estimated data

Assessing relevant 
cost factors

Assessing relevant 
performance 
measures

Analysis of 
investment 
alternatives 

Follow up on 
specific areas within 
production or 
maintenance

BETUS output

Figure 6 - Conceptual model of a maintenance DSS with a holistic approach 
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BETUS, see Figure 6, is a tool mainly developed to support predictive and 
proactive maintenance needs in the form of performance measurement and it 
uses various corporate IT systems as data input. BETUS supports two main deci-
sion-making situations: maintenance investment decisions and decisions to inter-
vene based upon the current status of the production process. Consequently, 
BETUS supports the continuous improvement of the maintenance process. These 
decisions are supported by using the output of BETUS, which is shown in Figure 
6 as Follow up on specific areas within production or maintenance, Status of 
production process with respect to maintenance and Maintenance investment 
recommendations.

In the conceptual model of BETUS the following three categories of basic 
functions have been defined: 

1) Assessing financial factors such as total maintenance investment, total di-
rect maintenance cost, and the costs of unutilised fixed resources (due to 
low-performance efficiency). 

2) Assessing relevant performance measures such as potential savings, 
maintenance (internal) profit, and spare part inventory per unit of produc-
tion. 

3) Analysing investment alternatives using a rule based system. By analys-
ing financial factors and performance measures calculated in the func-
tions in the above-mentioned categories, management can decide about 
where, why, and how much should be invested in maintenance. 

Functions within 1) and 2) assess maintenance relevant financial factors and 
performance measures and are connected with tools for analysing costs, savings, 
losses and profits, which are important for enhancing the maintenance strategy. 
These functions enable monitoring the performance of the production system 
with regard to maintenance technical and financial effectiveness. The identifica-
tion of potential or real problems can be made at an early stage, as well as the 
identification of underlying causes of failure and short stoppages. The total time 
spent on correcting problems can therefore be kept low. 

Through better monitoring of the machines and their condition the company 
gets the opportunity to raise the performance, the availability and the product 
quality ratios, i.e. to increase the overall equipment effectiveness. The financial 
factors and performance measures can of course also be used on their own for 
following up specific areas within production or maintenance. The investment 
recommendations are based on function 3). By identifying the mechanisms that 
lie behind the problems and transferring the technical impact into financial 
terms, one can show where to invest, how much and why, and in this way quan-
tify in monetary terms the benefits of potential investments in maintenance. As 
input, BETUS utilises different digital data sources found in the enterprise. Some 
data have to be processed before entering BETUS in order to reach the correct 
aggregation level. In case the data is not found in the databases an estimation of 
the values is made, preferably based on other technical or financial factors. 
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5. Identifying Maintenance Data and 
Information Technology Systems 
Requirements
This chapter aims at explaining how relevant data and IT systems requirements 
could be identified in order to achieve profitable maintenance.  

5.1 Selecting Data for Maintenance Management 
Several authors have defined key performance measures within maintenance and 
connected the use of these measures with the decision-making process. Dwight 
(1999) presents a model for determining maintenance performance based on a 
top down approach; the systems auditing, where the performance of the mainte-
nance system is measured against a standard “ideal” system. The author also 
promotes the value measurement approach, where technical issues are translated 
into financial terms. Alsyouf (2006) proposes a balanced scorecard approach for 
translating the company strategy into operational terms and to measure the im-
pact of maintenance, on the overall business performance. Parida and Kumar 
(2006) discuss challenges in how to define and implement maintenance perform-
ance measures and propose performance measures based on external and internal 
effectiveness.  

Recently, a standard for the definition of maintenance key performance indi-
cators was launched; EN 15341, SIS (2007). The standard suggests a methodol-
ogy for the selection and use of key performance indicators that includes follow-
ing steps: 

1) Defining the objectives which characterise the maintenance management 
process: Objectives should be defined on company, systems/production 
line and equipment level. 

2) Selecting the relevant indicators: After objectives and performance pa-
rameters have been defined, finding the indicators that allow measuring 
these parameters is the next step. 

3) Defining and collecting the necessary basic data: Data to be collected, 
measurement method and tools required for the measurement must be de-
fined. 

4) Calculating the indicators and selecting the type of representation: Before 
actual collection of data, the frequency of collection and the type of pres-
entation could be defined. Moreover, the indicator should be tested and 
validated before use and scorecards for analysis developed. 
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5.2 Selecting Information Technology for Maintenance 
Management  
DeLone and McLean (1992) noted that if information systems research is to 
make a practical contribution, well-defined outcome measures are essential. It 
does no good to measure various input variables, such as the extent of user par-
ticipation or the level of IT investment, if success or effectiveness of IT cannot 
be measured with a similar degree of accuracy. Therefore, the authors summa-
rised the available published material of information systems success in a model 
comprising six categories of success, each including vast amount of measures to 
be used: system quality, information quality, system use, user satisfaction, indi-
vidual impacts and organisational impacts. These categories were furthermore 
structured by DeLone and McLean to show their interdependencies, see Figure 7. 
The success factors are grouped in three phases. The quality of the system and 
information singularly and jointly affect the future use and consequently also the 
user satisfaction. The system use and user satisfaction are interrelated: the use 
will affect the user satisfaction positively or negatively and vice versa. These in 
turn determine the impact on the individual performance which in turn will have 
organisational impacts.  

System quality

Information
quality

Use

User 
satisfaction

Individual 
impact

Organisational
impact

Figure 7 - Information systems success model (DeLone and McLean, 1992) 

The process of procuring IT could be divided into several phases. The Society 
for Information Management Work Group on IT Procurement suggests following 
phases: requirements determination, acquisition and contract fulfilment, 
Heckman (1999). The requirements determination phase of the IT procurement 
process has been pointed out as crucial for the success of applying IT by several 
authors, see e.g. Byrd, Cossick and Zmud (1992), Browne and Ramesh (2002), 
Goepp, Kiefer and Geiskopf (2006) and Pitts and Browne (2007). Some research 
has been made in the area of maintenance management IT procurement and im-
plementation. Models for evaluating different systems alternatives have been de-
veloped by for instance Raouf, Ali and Duffuaa (1993) and Braglia et al. (2006). 
The successful implementation of IT systems in organisations has also been de-
scribed, such as in Fernandez et al. (2003) and O'Donoghue and Prendergast 
(2004). 
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5.3 Problems Connected to Maintenance Data Identification 
The importance of maintenance performance measures has been addressed by 
several authors, and the utilisation of these measures in the decision process has 
been researched from many aspects, for instance in form of the common data-
base approach. Although the common database concept has been defined and 
tested for applicability by Al-Najjar and his research team, a more thorough in-
vestigation of the actual realisation of this concept was found as important by the 
author of this thesis. Furthermore, how to identify and select relevant key per-
formance measures, and which data to utilise for the actual measurement of the 
indicators has not been extensively researched. This lack was recognised in Pa-
per IV, where the literature review resulted in no relevant articles within the 
topic. A model for the identification of data was therefore proposed in Paper IV, 
see section 5.5.  

5.4 Problems Connected to Maintenance Information 
Technology Requirements Identification  
To reach success in the utilisation of information technology for maintenance 
management, we must be able to define the critical factors. The approach of in-
tegrating IT with business objectives and corporate strategy has been applied in 
other areas of manufacturing industries, and would be appropriate also for main-
tenance. Paper VI showed that research in this area is lacking. Therefore, a 
framework for connecting IT use in maintenance management with maintenance 
business objectives was proposed in Paper VI. Even if models exist for the selec-
tion of MMIT, few authors deal with the determination and identification of 
MMIT requirements. A literature survey that was conducted in Paper VI within 
the topic resulted in no articles within the area of defining IT requirements for 
maintenance management or for connecting maintenance management needs 
with IT. Neither did the survey result in articles discussing the process of procur-
ing MMIT. A model was therefore developed in Paper VI for the identification 
of maintenance management IT requirements. The theoretical framework and the 
identification model are presented in section 5.6. 

5.5 Identifying a Relevant Data Set for Maintenance 
Management 
Papers IV and V concludes that mapping the technical and financial effective-
ness of a production is crucial for making cost-effective maintenance decisions. 
But, a successful mapping cannot be achieved without a well-structured database 
including all relevant data required for this task and a structured process for iden-
tifying relevant data, where prerequisites such as business goals, strategies and 
objectives, working procedure for decision-making and the maintenance tasks to 
be performed all affect the final choice of the data and data sources required. By 
applying the common database concept we can assure data of high quality and 
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relevance, but the common database requires a structured way for the identifica-
tion of the variables best suited to serve the maintenance needs of each specific 
situation. Process integration, or at least an integrated attitude towards mainte-
nance that forms a holistic view, is needed.  

Using structured methods for the identification, determination of relevant data 
and for modelling the relationships is suggested to be important when assuring 
the demands of data within maintenance management. The author uses different 
modelling techniques such as Entity-Relationship (ER) and object-oriented mod-
elling for describing the data demands of maintenance in this thesis. The stan-
dards developed by MIMOSA (OSA-EAI and OSA-CBM) were seen in Paper V 
as particularly suitable for the modelling of interfaces between different corpo-
rate IT applications for the realisation of the common database as well as for de-
signing the physical database.  

The method of top down analysis, where prerequisites such as business goals, 
strategies and objectives all affect the final choice of the data and data sources 
required, will ensure that the maintenance actions carried out on the operative 
level are contributing to the overall business goals. A top down analysis model 
for identifying relevant measurable variables required for monitoring mainte-
nance performance was developed and presented in Paper IV. The model con-
sists of four main phases as described in Figure 8, where a continuous arrow 
shows the direction of procedure. The four main phases are in Paper IV further 
divided into eight steps, not shown in this figure. 

Phase 1: Decisions at process level with respect to 
strategic objectives

Phase 2: Diagnosis, prognosis and prediction  at 
component, equipment and process level

Phase 3: Follow up at working areas’ levels, e.g. 
production, quality, machine condition and costs,  
with respect to the strategic objectives 

Phase 4: Relevant data gathering

Figure 8 - Process for identifying relevant data in maintenance management 

A decision defined in phase 1, i.e. whether to stop the production or not, is 
based upon strategic objectives within safety, production, life cycle cost, quality 
or maintenance or any combination of the objectives. This decision is dependent 
of the real time assessment of the condition of the elements constituting the pro-
duction process and therefore problem diagnosis and evaluation of the situation 
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at the component, equipment or process level is necessary (Phase 2). But, it can-
not be done effectively without monitoring and collecting relevant technical, fi-
nancial and organisational data, which are included in phase 3. In order to make 
an accurate cost-effective maintenance decision, accurate warning and action 
limits should be established properly based upon past data and statistical tools, 
Al-Najjar (1997). When proper performance measures (indicators) are identified, 
suitable data for estimating these measures will be easily identified (Phase 4). A 
common database for this purpose should be established and data sources identi-
fied to provide the database with actual data. Finally, the specific measurable 
variables and data gathering policy defining when, how and where these vari-
ables should be measured can be defined effectively. By defining the measurable 
variables, tracing back the root source of each decision can be achieved easily. If 
suitable measurable variables are not found for the specific data, other sources 
and/or measurements must be defined. 

In Paper IV prerequisites in form of control documents on corporate or busi-
ness activity level, tools and knowledge, which are needed for performing the 
step, have been defined. The quality and amount of relevant prerequisites at hand 
will directly affect the result gained of each step. Furthermore, each step will 
produce some kind of output. The output from one step lays the ground for con-
tinuing into the next step. For example, the outcome from the identification step 
number two (Make diagnose and evaluate the situation) could be a list of the 
possible problems that may arise at component, machine or higher level influ-
encing production and demands. When the possible problems are identified, we 
can move to next step for identifying relevant performance measures/indicators 
required for monitoring the problems in question.  

5.6 Identifying Maintenance Management Information 
Technology Requirements 
The author of this thesis has used the model of DeLone and McLean presented in 
section 5.4 as a basis for the discussion of how to determine MMIT requirements 
in Paper VI. The requirements should reflect the future success of the IT system, 
thus these two concepts are closely related. The model of DeLone and McLean 
also shows that the information and IT systems quality are independent issues 
that are to be treated separately, but that each of these factors will affect the fu-
ture success of the IT system. As the data and information need of maintenance 
management has been discussed in a previous publications (Papers II, IV and V), 
the focus was set on IT systems for maintenance management in Paper VI. Fig-
ure 9 describes the context of determining maintenance management IT needs. 
When discussing IT needs, we must have in mind that IT is only technology, i.e. 
a tool that is managed by a user. Defining the overall purpose, goal and use of IT 
within maintenance is therefore important. By applying correct and relevant IT 
for carrying out maintenance, the goals of maintenance efficiency, effectiveness 
and cost-effectiveness could be reached, which in turn is contributing to the 
overall company goal of profitability and competitiveness. These goals are de-
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termined by the conditions and strategy of maintenance as well as the strategic 
aim of the company. The use of IT is also dependent of the IT maturity of the 
user and the organisation. IT maturity denotes the extent to which an organisa-
tion or a human can benefit from the technology. An organisation with a low 
level of IT maturity uses IT mainly for the automation of daily activities and for 
data storage, while an IT mature organisation uses IT for collecting and combin-
ing vast amount of data for advanced strategic decision-making. By analysing 
the goals, purposes, utilisation for the maintenance business as a whole and then 
for each user of the IT system, suitable MMIT functionality and characteristics 
could be determined. Furthermore, foreseeing changes in current maintenance 
goal and purposes would mean shifts in the strategy applied by the maintenance 
organisation, which in turn affects the demands on the IT support. When decid-
ing upon IT needs both present and future conditions and strategy of mainte-
nance must therefore be considered. 

IT systems
functionality 

IT systems 
characteristics 

Purpose

Use

Individual 
goals

Maintenance goals
Efficiency
Effectiveness
Cost-effectiveness

IT maturity

State of the maintenance business

Present conditions 
and strategy of 
maintenance

Future conditions 
and strategy of 
maintenance 

Organisational 
IT maturity

Individual 
IT maturity

Company 
strategic 
aim

Figure 9 - The context of determining maintenance management IT needs 

The model presented in Figure 9 was translated into a process for the identifi-
cation of IT functionality requirements for maintenance management in Paper 
VI. The main work flow of this process consists of four phases as presented in 
Figure 10. 

Phase one defines the purpose and goals of maintenance with respect to the 
goals of the production and the overall strategic goals of the company. In the 
next phase, the current maintenance strategy, policies, procedures, organisation 
and decision hierarchy are described as well as the resources and IT maturity. 
The maintenance organisation and decision hierarchy defines how the mainte-
nance work is structured. The strategy, policies and procedures describes the way 
maintenance is planned, carried out and followed up. The work process of vari-
ous activities is therefore an important input. Defining the main maintenance 
concepts applied on the company reveals the policies and strategy applied. 
Available resources and how these are utilised is another important aspect. The 
resources currently used within maintenance in form of man hours, competence, 
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technology and budget are therefore defined. The IT maturity of the maintenance 
organisation is finally determined based upon information about current IT sup-
port and how it is utilised. 

Phase 1: The definition of the 
purposes and goals of maintenance

Phase 2: The definition of the 
current state of maintenance

Phase 3: The identification of 
possible improvements

Phase 4: The identification of IT 
functionality requirements

Figure 10 - Process for determining IT needs in maintenance management  

When the current state of maintenance has been defined, it is compared with 
the purpose and goals of maintenance. If they match, we could move directly to 
phase four. If there is a mismatch, possibilities for improvements should be iden-
tified and be taken into consideration. Possibilities for improvement are analysed 
using techniques such as Strengths Weaknesses Opportunities and Threats 
(SWOT)-analysis. In addition, a technical analysis is carried out (or use existing 
analysis results) to find the most suitable maintenance policies and for defining 
the main maintenance strategy to apply. If the identified improvements should be 
taken into consideration in the IT procurement process, then the desired state of 
maintenance must be defined before moving to the next phase. Finally, the IT 
functionality requirements are identified. The specific needs of the maintenance 
organisation are determined by defining the goals, purposes and utilisation of the 
MMIT on different levels (operational, tactical and strategic) of use. The users of 
the proposed IT system are also identified. The identified needs are then trans-
ferred to IT functionality and characteristics needs. 

5.7 Combining the Data Identification and Information 
Technology Systems Identification Processes 
It is the authors´ belief that it is beneficial to split the identification process for 
data and IT respectively such as proposed in 5.5 and 5.6, because these sub-
processes are easier to grasp and the specific needs of IT functionality and data 
can be highlighted. Nevertheless, the full benefit of identifying relevant data and 
IT systems requirements could be gained if the approaches presented are com-
bined and applied for the procurement (or development) of MMIT. As promoted 
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in previous sections the process should start by defining the strategic aim and 
current state of the maintenance organisation. This will be input for the identifi-
cation of required IT and data resources and for defining the most appropriate IT 
systems architecture. Following work procedure is suggested for the IT system 
requirements definition phase (see Figure 11): 

Phase 4: Identify IT functionality requirements

Phase 5: Identify the common database

Phase 6: Identify IT system requirements 

Phase 1: Define purposes and goals of maintenance

Phase 2: Define current state within maintenance
a) Define maintenance strategy,  policies and procedures
b) Define maintenance organisation and decision hierarchy
c) Define maintenance resources
d) Define IT maturity

a) Define overall purposes with using IT
b) Define overall goals with using IT
c) Define overall utilisation of IT
d) Identify users 
e) Identify purpose, goal and utilisation for each user

a) Define cost-effective maintenance decisions 
b) Assess current state on process/system/component level
c) Select relevant performance measures
d) Identify data sources and define measuring policy
e) Identify relevant data

a) Define IT systems architecture
b) Define hardware requirements
c) Define software requirements

Phase 3: Identify possibilities for enhancements 
within maintenance

Figure 11 – Process for determining IT systems requirements  

The first three phases determine the overall state of maintenance. Phases three 
and four identifies the data and IT requirements. The last phase connects the 
software and data requirements identified in phases three and four by defining 
the information technology architecture. For phases one to four, the author sug-
gests using the process of identifying IT requirements within maintenance man-
agement presented in section 5.6 and for step five, the top down analysis model 
for maintenance data identification presented in section 5.5 could be used. As a 
complement to step two, especially activity 2 d), the model for determining in-
formation technology maturity within maintenance, which will be presented in 
the next chapter, could be used. 

The last step describes technical requirements of the IT system. The IT sys-
tems architecture describes the software and hardware solutions needed. Fur-
thermore, it describes the interrelationships between software, hardware and the 
people that will use the IT system. The architecture could for instance be distrib-
uted, based on the client-server model or using web technology, or centralised 
using a stand alone computer for maintenance management.
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6. Utilisation of Information Technology within 
Maintenance
This chapter will discuss the utilisation of IT within maintenance and connect it 
to the term IT maturity. The IT maturity of an organisation, or an individual per-
son, is affecting the possibility to utilise IT systems to full extent in maintenance 
management.  

6.1 The Information Technology Growth of Organisations; 
Defining the Information Technology Maturity 
The development of information technology in the last decades has made tre-
mendous impact on all levels of company work, from the way daily activities are 
handled to the way strategic decisions are taken. Companies have adapted to the 
technology and incorporated new ways of dealing with information in their busi-
ness strategies. In general, the more IT-mature a company or a business is, the 
more strategic focus it will put on IT, Nolan (1979). The IT growth and maturity 
model developed by Nolan has been a basis for the discussion of maintenance IT 
maturity, see Papers VII and VIII. The model is based upon several studies 
which Nolan conducted in the seventies and is an enhancement of a four-step 
concept of data processing growth presented in Gibson and Nolan (1974). The 
model describes six stages of information technology growth, from the intercep-
tion of the computer into the organisation to the mature management of data re-
sources, see the description as follows: 

Stage one to three mainly concerns the management of the computer: The ini-
tiation stage, when the computer is placed into the organisation for achieving 
functional cost reduction, is characterised by a lax planning and control. In the 
Contagion stage rapid and uncontrolled growth in the number of kinds of IT ap-
plications occur. The planning and control is in this stage even more lax, as in-
novation and the use of IT are encouraged. The organisation reaches a point 
where further growth will not add any benefits. Nolan describes the situation as 
alarming when operational systems cannot support management control and stra-
tegic planning systems. Therefore, top and middle management gain control of, 
and start standardising, the IT resources in the Control stage. Between stages 
three and four a shift in focus occurs, from computer management to the man-
agement of data resources: In the integration stage, the use of IT increases rap-
idly once more. IT applications, says Nolan, are now supporting the overall busi-
ness strategy. Databases are used for retrofitting existing applications, but data 
redundancy problems occur. Data are recognised as important in the data admini-
stration stage. Organisational integration is supported by common systems and 
shared data. In the last stage, the maturity stage, data resources are planned on a 
strategic level and IT applications are truly supporting the business processes. 
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6.2 Problems Connected to the Utilisation of Information 
Technology within Maintenance 
As stated already in the problem presentation, the level of computerisation in 
maintenance management could be considered as low, see Jonsson (1997), 
Swanson (1997) and Alsyouf (2004). This has been addressed in two papers, Pa-
pers VII and VIII, where reasons for low computerisation level were studied by 
investigating scientific literature on MMIT. One result of these studies was the 
description of the development of maintenance IT over the past forty years, see 
section 6.3. 

The utilisation of IT within maintenance could be described in terms of IT 
maturity. In Paper VIII, a model for describing IT maturity within maintenance 
was developed based on the ideas of Nolan, see section 6.4. 

6.3 The Development of Computerised Maintenance 
Management Support 
Paper VII showed the development of maintenance IT has followed the general 
development of IT applied in industries, from automation through coordination 
to integration, even if MMIT in general reached the same level of development 
some years later than other corporate IT systems. An illustration of this could be 
the level of integration of MMIT with other IT systems: While other areas of the 
business were integrated into enterprise wide systems, such as enterprise re-
source planning (ERP) systems during the late 1990s and early 2000s, most of 
these systems did not include maintenance modules, Nikolopoulos et al. (2003). 

The survey of computerised maintenance support in Paper VII revealed that 
the focus of MMIT has changed in four aspects: 1) From technology to use, 2) 
From maintenance function to business integration, 3) From reactive mainte-
nance to proactive maintenance and 4) From operative to strategic maintenance 
considerations. These shifts in focus were quantitatively studied in Paper VIII, 
whereas all shifts in focuses were statistically proved but one. The study could 
not confirm that the development of MMIT from a scientific literature perspec-
tive has gone from maintenance function to business integration. There was a 
slight increase of integration centred articles during the later years, but it was not 
statistically significant. 

6.4 Determining the Information Technology Maturity within 
Maintenance
Based on the IT maturity and growth model by Nolan (1979), a model was de-
veloped in Paper VIII for the positioning of the maintenance organisation rela-
tive to its IT maturity, see Figure 12. Five factors connected to the IT maturity 
and the use of IT within maintenance are considered: 1) IT investments, 2) Level 
of impact, 3) IT goals, 4) IT benefits and 5) Strategy support. These are de-
scribed briefly in the following. 
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1) IT investments 
When introducing IT into an organisation the investment decision tend to fo-

cus on technical aspects rather than the way IT will be used. An organisation that 
has reached a higher level of maturity in turn does not start by asking what to 
purchase but how it will be utilised. An IT mature organisation is characterised 
by IT investment decisions connected to actual organisational needs rather than 
what to procure and how it will be utilised. 

2) Level of impact 
The level of impact refers to the main use of IT. Simple administration appli-

cations, such as standardised CMMS’, focus on supporting the execution and 
short-term planning of maintenance on operational level. More advanced IT sys-
tems, such as several maintenance modules in ERP systems, are used to coordi-
nate resources on a middle-term perspective at a tactical level. Strategic mainte-
nance management requires decision support in form of easy-to-read reports 
generator and possibilities to integrate data from various external sources.  

3) IT goals 
The goals of applying IT in maintenance are connected to the previous factor 

of impact. On operative level efficiency gains could be reached by automating 
manual routines. On tactical level effective utilisation of resources is the aim, 
while strategic goals could be expressed in terms of cost-effectiveness, i.e. to 
choose the alternative maintenance strategy (with appropriate policies applied for 
all objects to be maintained) which is the most cost-effective one. 

4) IT benefits
The investments in IT are connected to the benefits that could be reached by 

applying IT. The first level of benefit is cost reduction due to shorter mainte-
nance execution and data processing time, shorter time-to-action and fewer fail-
ures as planning is simplified to mention a few. Higher benefits could be reached 
with better understanding and control of the maintenance. Information provided 
by advanced data processing systems such as ERP will enable the assessment 
and follow-up of investments in maintenance supporting intra-organisational 
continuous improvement process (improving the maintenance procedures alone). 
Maintenance as a discipline could in other words be made more effective. A 
broader perspective, where inter-organisational and cross-functional improve-
ment applied enables a more advanced level of benefits, where different alterna-
tive solutions could be compared, the effects on both maintenance and close re-
lated areas could be assessed and the relatively most cost-effective solution could 
be chosen taking into consideration the whole manufacturing and company situa-
tion.  

5) Strategy support 
The last factor focuses on which maintenance strategy that is supported by the 

IT applied.  Simple CMMS support mainly reactive and preventive maintenance. 
More advanced CMMS and ERP systems support preventive and predictive 
strategies, while advanced IT systems with extensive data processing abilities 
and decision support enables predictive and proactive maintenance.  
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Operational Operational and tactical Operational, tactical and strategicLevel of impact

Cost reduction Return on investments Return on investments in 
comparison to other alternatives

Efficiency Effectiveness Cost-effectivenessIT goals

IT benefits

Strategy support Reactive-preventive Preventive-predictive Predictive-proactive

Technology-oriented Use-oriented Connected to actual needs

Phase 1

Introduction

Phase 2

Coordination

Phase 3

Integration

Figure 12 - Model for determining information technology maturity within maintenance 

In this model, three distinct phases, each with own characteristics, have been 
defined for maintenance management: 

Phase 1. Introduction: Efficiency reached by using IT  
IT is introduced into the maintenance organisation. The procurement of IT is 
mainly technology-oriented and IT is used for operational purposes. Goals with 
the IT use are mainly concerning an efficient management of work orders, spare 
parts inventory, purchase and cost control. It results in good control of available 
resources and cost reduction of carried out maintenance. 

Phase 2. Coordination: Effectiveness reached by using IT 
Maintenance IT systems and other corporate IT systems are coordinated and the 
use of IT is more stressed than the technology itself. IT is used for operational 
and tactical purposes, such as the follow up of carried out activities and failure 
frequencies. Schedules can be optimised. It results in good control of, and the 
capability to use, resources in the best way, and investment in maintenance will 
likely give positive returns. 

Phase 3. Integration: Cost-effectiveness reached by using IT 
Maintenance is an integrated part of the corporate IT system. Investments in IT 
are connected to actual needs. IT is used for operational, tactical and strategic 
purposes. Automatic monitoring of damage development and rapid rescheduling 
of activities are enabled. Based on failure history measures can be judged and the 
best maintenance alternative can be chosen, giving highest returns of invest-
ments. 
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7. Research Contributions and Results
In this chapter the thesis research results and contribution are summarised. 

7.1 Thesis Contribution 
Following contributions have been reached in the thesis: 

1) A model describing the impact of maintenance activities on company 
strategic goals, Paper III 

This model shows the impact of maintenance activities, carried out according 
to a specific maintenance policy, on cost-effectiveness, safety and quality, that 
consequently affects competitive advantages such as low cost of production and 
differentiation. 

2) The definition of maintenance management data needed for cost-
effective maintenance decisions, Paper V  

The paper describes how a common database can play an important role in 
reaching cost-effective improvements of maintenance performance. By using the 
common database approach it is possible to access a correct view of the situation 
in the production by data (information) integration and thereby obtain a better 
base for making maintenance decisions. The common database supports the de-
velopment of IT applications for advanced maintenance management.

3) A model for identification of relevant maintenance data need, Paper 
IV

Applying a top down analysis approach when identifying maintenance data 
need for decision-making assures that the decisions made will be based upon 
corporate strategic needs. 

4) A database model showing minimum relevant data need for mainte-
nance decision-making, Paper II 

The database model treats maintenance in a holistic way and includes factors 
of influence that are found in the life cycle of a machine, equipment or the entire 
production system. In order to enhance company's benefits, acquisition and 
analysis of both financial and technical data are required, which are included in 
the database model. 

5) A model for identification of maintenance management IT require-
ments, Paper VI 

If IT procurement is connected to the defined needs of the maintenance or-
ganisations, the probability of providing correct and relevant IT tools for the 
maintenance organisation will be high, leading to high utilisation of available IT.  

6) A conceptual decision support model providing functionality cur-
rently not available in commercial maintenance IT, Paper I 

This model monitors and follows up maintenance cost levels and identifies 
problem areas at an early stage. By identifying the mechanisms that lies behind 
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the problems and transfer the technical impact into financial term the DSS pro-
vides the basis for investment decisions. 

7) A descriptive review of the development of computerised mainte-
nance management information technology, Paper VII 

The focus of MMIT has changed in several aspects during the forty years that 
has been investigated; from technology to use; from maintenance function to 
maintenance as an integrated part of the business; from supporting reactive main-
tenance to proactive maintenance and from operative to strategic maintenance 
considerations. Advancements in MMIT has in general followed the develop-
ment of corporate IT. 

8) A quantitative description of the development of computerised main-
tenance management information technology, Paper VIII

Three of four changes in focus which were described in Paper VII were statis-
tically verified in this paper. From an IT systems perspective, the maintenance is 
not yet integrated fully into the corporate IT systems and business. Understand-
ing the development of MMIT helps us understand today’s computer applica-
tions for maintenance management, which is crucial for every maintenance man-
ager using or purchasing MMIT. 

9) A description of the impact of maintenance activities on company 
strategic goals 

Maintenance goals have been defined on different levels of control and con-
nected to the strategic goals of the company and the impact of maintenance ac-
tivities has been shown on company strategic level. This contribution has been 
gained by combining contribution 1, 5 and 6. Understanding the impact of main-
tenance on other areas such as production, quality, and on company competitive-
ness is a prerequisite for reaching profitability in maintenance.  

10) A method for identifying a relevant set of data for cost-effective 
maintenance decision-making  

A relevant data-set is identified by utilising the common database concept. A 
common database is enabled by taking into consideration the five principles for 
developing an industrial database. It results in a small and flexible database sup-
porting the specific demands of the maintenance decision-making process. This 
has been gained by combining contribution 2, 3 and 5 and could be used by re-
searchers as well as practitioners when a database will be created for a specific 
decision-making situation. It is especially suitable in the creation of relevant per-
formance measures.

11) A method for identifying IT systems requirements for the manage-
ment of profitable maintenance 

This method connects the IT systems requirements with maintenance business 
needs, which are based on the corporate strategic goals. By providing mainte-
nance staff with appropriate data and IT tools on all levels of management prof-
itability of maintenance could be reached. This method has been gained by com-
bining contribution 5 and 6 and could be used by practitioners in the procure-
ment of IT for maintenance management. IT systems developers could also bene-
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fit from the result when considering the demands on data and IT functionality for 
maintenance management. 

12) A tool to monitor the performance of maintenance, suggest invest-
ment possibilities and show maintenance contribution on company 
strategic level 

BETUS is a tool for showing the impact of maintenance actions on company 
profitability and competitiveness. This DSS has been achieved by combining 
contribution 3 and 4 and is useful for further development of such tools for 
commercial use. Being able to show the impact of maintenance on strategic level 
will help in making correct investment decisions in maintenance taking into ac-
count not only the cost of maintenance, but also the benefits gained by conduct-
ing effective cost-maintenance. Such a tool is especially useful for practitioners 
on management positions in companies characterised by capital intensive pro-
duction. 

13) A model to assess the IT maturity of a maintenance organisation 
A model for describing the IT maturity within maintenance has been devel-

oped. This model has been gained by combining contribution 7 and 8 and helps 
the maintenance organisation in defining its IT maturity. Being able to define the 
IT maturity allows for choosing the most appropriate IT tool to access resulting 
in an effective utilisation of IT within maintenance. 

7.2 Thesis results 
Following results have been achieved: 

a) Verification of the uniqueness and applicability of BETUS 
The uniqueness of BETUS was verified from a theoretical as well as an em-

pirical perspective. The underlying logic of BETUS was verified in previous re-
search and thorough literature reviews assured that no such tool had yet been de-
veloped (Paper II). Empirical findings concerning current MMIT verified that no 
such commercial IT tool was to be found (Paper II). The applicability of BETUS 
was furthermore verified empirically in a case study and by prototype develop-
ment in Paper I. 

b) Validation of the Common Database concept
The common database concept has been validated theoretically by previous 

research and by discussing the current needs of data for maintenance decision-
making in Paper IV and V. The problems which have been discussed in theory 
have also been studied empirically in several case studies concerning the utilisa-
tion of IT in industry (Paper I) and the design and data content of off-the-shelf 
software (Paper IV). The common database method was also utilised and veri-
fied in the BETUS development process in Paper V.

c) Verification of the uniqueness and applicability of the data and IT 
requirements determination methods

The methods are both based on the top down approach, which has been 
proven as valid for the identification of performance indicators, see e.g. EN 
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15341. The methods development has been based on thorough literature reviews 
for assuring the uniqueness of the methods, and for creating a solid theoretical 
base. The methods have also been tested for applicability empirically by case 
studies presented in Papers IV and VI.

d) Statistical verification of the development of computerised mainte-
nance management information technology 

The description of the development of MMIT has been verified in several 
ways. Firstly, the description in Paper VII is based on an accepted theoretical 
framework provided by Nolan. Furthermore, in the same paper, the development 
of MMIT was compared with the general development of corporate IT. Three of 
four changes in focus which were described in Paper VII were statistically veri-
fied in Paper VIII: from technology to use; from supporting reactive maintenance 
to proactive maintenance and from operative to strategic maintenance considera-
tions.  

7.3 Contributions Connected to Research Questions 
In the following, the thesis contributions are connected to the research questions 
and the research questions are answered. 

RQ1: What are the demands on data and information technology systems 
for strategic management of maintenance? 

Contributions 1, 2, 4, 6, 9, 10 12 are connected to this research question. 

Strategic management of maintenance aims at reaching cost-effectiveness. 
Especially for advanced maintenance approaches, such as Total Quality Mainte-
nance, the ability to monitor performance has been recognised as a prerequisite 
for cost-effective maintenance management. If the performance of maintenance 
and production is known, the relatively best maintenance strategy could be se-
lected and implemented. A small and flexible database integrating maintenance 
relevant data is needed, which makes it possible to select the best combination of 
the factors required for monitoring the performance, react on changes and sug-
gest improvements. Moreover, the data gathered should support a holistic view 
for the rapid technical and economic mapping of the situation. Therefore, the da-
tabase should include the most essential data that can cover a relatively wide 
spectrum of the situation contents. The database should also provide possibilities 
for applying cost-effective continuous improvement and therefore be designed 
with respect to flexibility and changeability. Easy accessible and high quality 
data is not enough for enabling strategic decision-making; ability to process data 
in a structured and timely manner is also required. Such IT tools are today not 
well developed, even if extensive research in the area is made. The DSS de-
scribed in this thesis provides both data and functionality required for enabling 
the cost-effective maintenance investments and positioning of maintenance with 
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respect to companies’ overall business goals, so the strategic impact of mainte-
nance could be shown.  

RQ2: How can we identify relevant data and information technology sys-
tems required to achieve cost-effective maintenance decisions? 

Contributions 3, 5, 9, 10 and 11 are connected to this research question. 

The demands of data and IT applications must be connected to the overall 
maintenance demands in order to achieve cost-effective maintenance decisions. 
Data must be identified based on the decision-making context. The most suitable, 
correct and relevant data, forming a common database, should be utilised. IT sys-
tems must support all levels of maintenance management in order to enable an 
effective utilisation of the IT tools. In addition, the state of maintenance, both 
present and desired future state, must be determined before suitable IT applica-
tions could be identified. To reach these above mentioned criteria, structured 
methods that ensure the connection between maintenance business goals and 
data or IT demands are of importance. In this thesis top down analysis provides 
the required connection to strategic goals in the identification process. 

RQ3: How can we describe the utilisation of information technology 
within maintenance? 

Contributions 7, 8 and 13 are connected to this research question. 

The ability to make use if IT within maintenance is reflected in the relative IT 
maturity of the maintenance organisation. A highly IT mature maintenance or-
ganisation utilises IT for planning, control and improvement activities and has 
connected the IT to actual needs of the organisation. A maintenance organisation 
with low IT maturity utilises IT mainly for automation of daily administrative 
routines and is characterised by an interest of introducing the computer into the 
organisation more than connecting its use to the actual demands. There are no 
positive or negative values connected to the different levels of IT maturity. In-
stead, defining the present IT maturity helps the procurer (or developer) of IT in 
selecting the most appropriate applications depending on current and desired fu-
ture state.
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8. Conclusions, Discussion and Future 
Research
The conclusions of this thesis with its appended papers are presented followed 
by a discussion regarding the utilisation of IT within maintenance. Criticism of 
the thesis and implications of future research within the research area are also 
given. 

8.1 Conclusions
To be able to reach profitability in maintenance, the ability to position mainte-
nance activities with respect to company strategic goals is required. This is en-
abled by effective identification and utilisation of relevant data and IT tools for 
strategic maintenance decision-making.  

� Applying BETUS allows the company to control the maintenance on a 
cost-effective and continuous basis. 

� The common database approach provides the needed flexibility for 
maintenance to develop its own support for strategic, tactic and opera-
tional decision-making. 

� The IT systems requirement determination method is an easy and pow-
erful way for companies to identify data and IT needed for reaching 
cost-effectiveness in maintenance. 

� Being able to describe the development of MMIT is the basic for under-
standing the utilisation of IT within maintenance today and prepare for 
a future cost-effective utilisation. 

8.2 Discussion 
Profitable maintenance has not to be the equivalent with complex and automated 
maintenance. Instead, the ability to make correct decision depending on current 
state and future demands is of importance. This is why it is important to be able 
to define the demands on IT systems within maintenance depending on the situa-
tions context. When the demands are recognised, we are able to position the cur-
rent use of data and IT in comparison to an ideal use, and by this apply the most 
appropriate IT system for reaching cost-effective decisions within maintenance. 
This thesis has studied the utilisation of IT within maintenance from three differ-
ent perspectives: scientific research, industrial use and software features.  

In Paper VIII scientific literature concerning MMIT was studied, and in the 
conclusions an attempt to position the agenda of scientific literature with respect 
to the maintenance IT maturity was made. The author recognised that the first 
phase (Introduction) has been passed and the second phase (Coordination) was 
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entered. Whether the third phase (Integration) was fully reached or not was hard 
to tell using the survey material. If we combine the results from Paper VIII with 
the findings from the literature review presented in Paper VII there is more sup-
port for positioning the scientific literature as being in phase three. Of course 
there are still plenty of articles written concerning very technical aspects of 
MMIT, or where IT is supporting the automation of operational maintenance 
business and the benefits are described in terms of cost reduction and informa-
tion control, but there is an awareness of the high level benefits that could be 
reached by utilising IT within maintenance. We can assume that the agenda of 
MMIT in scientific literature has entered the third phase.  

In two case studies included in Paper VI the use of IT within maintenance in 
industry was studied. The two cases represents different levels of IT maturity: 
the paper mill was using IT extensively and could thus be seen as being in phase 
two or even three, while the printing works mainly relied on manual systems and 
therefore positioned as belonging to phase one. When studying the utilisation of 
IT in maintenance, we could expect to find companies in all levels of IT matur-
ity. Several authors have reported the lack of appropriate decision support for 
maintenance management. In Paper II the results from a study of commercial IT 
systems for maintenance management indicated that the situation was the same 
in off-the-shelf software available in Sweden. These systems give low support 
for strategic maintenance decision-making. Furthermore, the study of data con-
tent in commercial MMIT systems in Paper V revealed the problems in access-
ing relevant data for decision-making. This indicates that off-the-shelf software 
is supporting mainly organisations belonging to the introduction and coordina-
tion phases in the IT maturity model. 

This is a problematic situation for those companies wishing to utilise the in-
formation technology to full extent, forcing them to either develop home-made 
solutions or to accept the limitations of available tools. But it also opens for great 
opportunities: The future development of MMIT could be driven by real de-
mands expressed by industry, and not the other way around. Research within 
MMIT could also be directly applied in practice, by the development of those IT 
tools that are needed in industry. The author of this thesis will follow the future 
development of MMIT with great interest. 

8.2 Thesis Criticism 
The work with this thesis started in 2002. The long period of time that has passed 
from start to finish could affect the precision in descriptions of concepts and the 
theory development. Literature reviews have therefore been made continuously 
during the thesis work to update the author with the newest advancements. The 
aim with doctoral studies is to prepare the student for future work as researcher, 
and the thesis is a result of this development process. The quality of the papers in 
the thesis is due to these circumstances not consistent. Papers I and II have for 
instance been presented at conferences, but the author does not find them suit-
able for journal publication, and has therefore not processed them further. In-
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stead, Papers I and II are forming a part of Paper V, which has been accepted for 
publication. Some ambiguity is also seen in the choice of modelling tools and 
techniques. The information identification process and information technology 
requirements process are for instance not modelled in the same way. 

Case studies, which have been the main research method applied, have been 
criticised for being less precise than quantitative studies, which would affect 
their validity and reliability. Especially drawing general conclusions and creating 
new theory from a single case study has been pointed out as problematic. In this 
thesis, the case studies are mainly used for testing, and not creating, theory. 
Therefore, the author believes that high validity and reliability cold be reached if 
these are taken into consideration already in the research design. Continuous lit-
erature reviews within the topic has been one means reach high validity in the 
thesis. Other ways used to assure high validity and reliability have been the use 
of different research methods and data sources, conceptualisation of the phenom-
ena before conducting a study, rechecking with study participants and testing of 
methods and results for validity, continuous discussions and feedback from col-
leagues and publishing results on conferences before submitting to journals.  

The conceptual modelling in Paper VI is based on the model of DeLone and 
McLean. In later years, DeLone and McLean changed their original model, 
DeLone and McLean (2003). The use was divided into intended use and actual 
use to be able to deal with the process versus causal concerns connected to these 
terms. Furthermore, system and information quality was extended with service 
quality and the individual and organisational impacts were collapsed into net 
benefits. The author of this thesis finds these changes as valid, but has used the 
original model in the discussion of how to determine requirement specifications 
of MMIT as it is more appropriate for the scope of the model. Both the individ-
ual and organisational level have for instance been used for the requirements 
identification, as there exist different groups of users, which could have different 
expectations of the IT system, while the organisation as a whole should have one 
common goal to reach. 

The model of Nolan used in Papers VII and VIII for describing maintenance 
IT maturity. The question whether this model is the final solution for describing 
IT maturity was raised during a conference where Paper VII was presented. In 
this thesis, no other phases were included in the maintenance IT maturity model 
other than those corresponding to the stages of Nolan, as this is the starting point 
and a first attempt in defining the concept of maintenance IT maturity. Nolan fo-
cus his description on company internal data and IT resources, while today the 
ability to share information and applications amongst several members in a net-
work or cluster, for instance consisting of close partners in the supply chain or of 
competitors in need of common resources, has become important. This is also 
the case in maintenance, and the author of the thesis believes that there are sev-
eral opportunities of enhancements of the theory. One is to study the factors in-
cluded for describing the IT maturity of maintenance in more depth. Another is 
to reconsider the amount of phases. Examples of further research within this and 
other topics discussed in this thesis will be given in the following.  
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8.3 Future Research 
This thesis has showed that much is left to be done in the area of maintenance 
management IT. The author suggests the following for future research: 

� The requirement of data for maintenance management is an area of in 
need of further research. More investigations regarding which data to use 
for reaching the goals set for maintenance, how to find, collect and proc-
ess these data, as well as studies on how to establish relevant databases 
for decision-making is suggested by the author.  

� Further work would be needed in the area of determining and identifying 
MMIT needs. The author suggests a survey to be conducted including 
companies from different branches in order to explore how MMIT in 
general is purchased. Additionally, in-depth case studies of the procure-
ment process could be carried out with study objects from different sec-
tors in order to capture the branches’ different characteristics. Theoretical 
frameworks covering general methods for IT procurement and theories 
about maintenance management needs of data and IT support combined 
with the findings from the survey and case studies would form the basis 
for developing a portfolio of process documentation including guidelines, 
procedures and methods for the procurement of MMIT. 

� This thesis, especially Paper VI, could be a basis for the development of 
easy-to-use tools and methods for determining MMIT needs in mainte-
nance organisations and to be able to choose the relatively best solution 
available off-the-shelf. Especially small and medium sized companies 
would benefit from such as they are not likely to have resources to put on 
the procurement process. These methods and tools should be easily ac-
cessible, whereas the author suggests a web based solution, for instance 
as a step-by-step form to fill with the required information. 

� More research concerning the factors describing maintenance manage-
ment IT maturity is needed in order to fully understand the connection be-
tween maintenance and IT use. The ways to utilise MMIT for reaching 
profitable maintenance could be explored by studying success stories in 
companies, but also by quantitative surveys. The results from such studies 
could be used to validate and enhance the maintenance IT maturity model 
developed in this thesis. 

� Studying the utilisation of available IT systems would be of interest, for 
instance revealing whether the available IT systems are used to full extent 
or not, or if there exists a gap between current IT support and the true re-
quirements of IT within the maintenance organisation. Case studies, as 
well as branch specific or cross-sectional surveys are applicable for this 
purpose. The case study method would be suitable for understanding fac-
tors which restricts the utilisation of IT systems, especially if these are 
human related factors. Quantitative surveys would result in better under-
standing for the general reasons for poor utilisation of IT systems within 
maintenance. 
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Appendix A 

Interview with IT responsible 2002-04-10 

General questions regarding IT systems  
1. A list and description of the

a. IT architecture 
b. IT systems  
c. databases

used within maintenance and production 
2. Important connections between IT systems 
3. Programs and applications created in-house 
4. Changes and improvements in the near future 

Interview with maintenance manager 2002-05-31 

Maintenance related questions 
1. How is maintenance organised? 
2. How is maintenance planned and followed up? 
3. Maintenance economy – budget, costs, follow up. 
4. Maintenance related data and IT systems 
5. Maintenance processes 

Interview with maintenance/production/ IT 2002-04-10 

Specific questions regarding IT systems  
1. Which database is connected to which IT system respectively?  
2. Do any of the IT systems share database?  
3. What data are stored in the database(s) connected to the production control 

system (MOPS)? 
4. Do connections exist between the ERP system (IFS) and the financial system 

(IBS) and MOPS respectively?  
5. Is the production planning system (TIPS) connected to any of the other 

systems?   

Questions regarding stoppage costs
1. The frequency of follow-up at present? 
2. What systems for planning/budgeting/follow up exist? 



Questions regarding data
1. What are the information parameters called at Stora Enso? (Name at Stora 

Enso)
2. In which unit are they stored? (Unit) 
3. Which system uses the information parameter and where is it stored? (System 

and Database) 
4. What is the name of the information parameter in the data base and what data 

type it stored as? (Name in database and Data type) 
5. Does the information parameter exist other than in digital form? (Comment) 
6. Is the information parameter processed? (Comment) 
7. In what way is it processed? (Comment) 

Information 
parameter 

Name at 
Stora Enso 

Unit  System Database Name in 
database 

Data type Comment  

        
        
        
        
        
        
        
        
        
        
        
        

Questions regarding users 

1. Identified groups of end users. (Position) 
2. Which of there are we including in the pre-study? (Name) 
3. What kind of background do they have? (Area of knowledge, Computer skill) 
4. In what way will they utilise the system? (Utilisation) 
5. Any specific demands on the system from the users? (Demands) 

Position Name Area of 
knowledge 

Computer 
skill 

Utilisation Demands 

Production manager      
Maintenance manager      
Process engineer      
Plant engineer      
Maintenance engineer      



Appendix B 

Questions regarding maintenance and failures 

1. Maintenance documentation and strategies 

a) Maintenance policy 

b) What maintenance strategy is used? (Break down, preventive, condition based, 
TPM, reliability centred etc.) 

c) Are the routines and policies documented?  

d) How was the strategy decided upon?  

2. Failures, breakdowns and measurement strategy  

a) How are the terms damage and failure defined in the company and how do damage 
and failures affect the production respectively?   

b) How are failures detected? 

c) Which measurement systems are available for the detection of failures? 

d) What types of failures are usual in components?  

3. Maintenance related questions 

a) How is the maintenance organised? (Structure, personnel, resources) 

b) How is maintenance conducted?  

c) Which measurement systems and computerised applications exist for maintenance?  

d) Spare parts and tools, how are these purchased and stored? 

4. Which data are available from production?  

a) Do registers exist for components/subsystems/systems?  

b) Production measures: productivity, availability, performance rate, quality rate 

Availability = actual running time/planned production time  
Performance rate = actual cycle time/theoretical cycle time 
Quality rate = good pieces / total pieces made (or the equivalent) 

c) Failure data/maintenance data: MTTF, MTBF, MTTR, type of failure/damage 
causes, failure consequences, failure detection probability

d) Others: defect production, material consumption, inventory holding costs 



e) Stoppage data: amount of stoppages, stoppage causes, stoppage types, stoppage 
time 

f) Maintenance costs: direct (material, labour, overheads), indirect

5. Maintenance role in the company 

a) How do the personnel apprehend maintenance?  

Maintenance personnel: 

Operators: 

Production manager: 

b) How do the upper management apprehend maintenance? 

c) Which kind of data is used when planning maintenance? 

6. Others

a) What types of maintenance related problems have occurred in the company? 
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