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As technological advances are generating more and more data and enabling new computing 

methods, organizations are facing the challenges of what to make of that information and how 

to utilize it in decision making. The objective of this thesis was to develop and demonstrate 

solutions on how the process industry could use the maintenance data, which they have 

accumulated to their information systems. The thesis also recognizes soft data as tacit 

knowledge and expert opinions and incorporates that into the decision making processes 

together with hard, numerical data sources. Furthermore, eliminating personal biases and 

hunches from the decisions results in an approach called evidence-based asset management. 

 

This thesis was conducted as design science research, which is a process used for practical 

problem solving. The process produced an artifact in the form of a proof of concept of a new 

interface for maintenance managers and field maintenance technicians. The functionalities of 

the proof of concept were based on a literature review and qualitative analysis of a large set of 

interviews, which were conducted in Finnish pulp mills prior to the making of this thesis. 

 

The results were that the higher connectivity of Industry 4.0 enables data to be accessible to 

all levels of decision makers. Real-time data access is making evidence-based decisions easier 

to make. Not every decision allows using much time for decision making, so making user 

interfaces lightweight is important. The proof of concept developed in this thesis is based on 

the idea of role-based user interfaces which only display relevant information to the users and 

breaks away from cluttered and inconvenient asset management information systems. Based 

on feedback collected from practitioners, the proof of concept was successful and there was 

interest in developing it further. 
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Koska teknologiset kehitysaskeleet tuottavat yhä enemmän dataa ja mahdollistavat uusien 

tietojenkäsittelymenetelmien käyttämisen, organisaatioilla on edessään haasteet, mitä tehdä 

tiedolla ja miten käyttää niitä päätöksenteossa. Tämän työn tavoitteena oli kehittää ja esitellä 

ratkaisuja siihen, miten prosessiteollisuus voisi käyttää tietojärjestelmiinsä kertynyttä dataa 

kunnossapidossa. Työssä tunnistetaan myös pehmeän datan olemassaolo hiljaisena tietona ja 

asiantuntijoiden mielipiteinä ja sisällytetään se päätöksentekoprosesseihin yhdessä kovien, 

numeeristen tietolähteiden kanssa. Kun lisäksi henkilökohtaiset asenteet ja tunteet poistetaan 

päätöksistä, tuloksena on lähestymistapa, jota kutsutaan näyttöön perustuvaksi 

omaisuudenhallinnaksi. 

 

Tämä työ tehtiin suunnittelutieteellisenä tutkimuksena, joka on menetelmä, jota tavallisesti 

käytetään käytännön ongelmien ratkaisemisessa. Menetelmä tuotti artefaktina proof of concept 

-version uudesta käyttöliittymästä kunnossapitopäälliköille ja kenttäkunnossapitäjille. 

Näkymän sisältämät toiminnot perustuivat kirjallisuuskatsaukseen ja laajasta 

haastatteluaineistosta tehtyyn kvalitatiiviseen analyysiin. Haastattelut oli tehty suomalaisilla 

sellutehtailla ennen tämän työn tekemistä. 

 

Työn tuloksena oli, että näyttöön perustuvien päätösten tekeminen on entistä helpompaa, koska 

Industry 4.0:n edistämä datalähteiden yhdistyminen mahdollistaa datan saatavuuden kaikille 

päätöksenteon tasoille. Kaikissa päätöstilanteissa ei kuitenkaan voida käyttää paljon aikaa 

päätöksentekoon, joten käyttöliittymien keventäminen on tärkeää. Tässä opinnäytetyössä 

kehitetty proof of concept perustuu ajatukseen roolipohjaisista käyttöliittymistä, jotka näyttävät 

käyttäjille vain asiaankuuluvaa, tehtävän kannalta oleellista tietoa ja pyrkii irtautumaan täyteen 

ahdetuista ja hankalakäyttöisistä omaisuudenhallinnan tietojärjestelmistä. Ammattilaisilta 

kerätyn palautteen perusteella proof of concept oli onnistunut, ja sen jatkokehittämisestä oltiin 

kiinnostuneita. 
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1 INTRODUCTION 

 

The competitive pressure from the market is forcing companies to look for ways to gain more 

profit and a better competitive position. Asset management and maintenance are an important 

part of the operations of all companies in the manufacturing industry and play an important role 

in the company's internal effictiveness. (Al-Najjar 2007, p. 261) Asset management refers to all 

the coordinated activities to realize value from assets (ISO 55000 2014). Maintenance is a 

narrower term, and is concerned with keeping equipment in working condition (Hastings 2015, 

p. 11). 

 

Today, a big portion of maintenance and asset management decisions, such as asset replacement 

decisions and daily planning of maintenance activities, are based on hunches and rules of thumb 

(Zuashkiani, 2016 p. 329). This thesis takes an evidence-based approach on maintenance and 

asset management and attempts to find better ways of carrying out maintenance tasks and 

managing assets by utilizing information better. This is achieved by integrating data sources 

and bringing relevant data, visualizations and documentation to the core of the decision making 

processes. 

  

1.1 Background of the thesis 

 

Typical maintenance and asset management decisions should be based on multiple factors and 

data sources (Heikkilä et al. 2009; Mikkonen 2009, p. 170). Technological advances have 

resulted in many organizations storing large volumes of data, and some have attempted to find 

ways to increase efficiency and effectiveness with data-driven decision making (Brous, Janssen 

& Herder 2016, p. 573). The shortcoming of a data-driven approach is that the focus is in hard 

data although there are many other forms of data, known as soft data. There are multiple 

different definitions to hard and soft data on different contexts. A general definition by 

Cambridge Business English Dictionary, where hard data is defined to numbers or facts that 

can be proved (Cambridge English Dictionary n.d. a). Soft data is defined as information that 

is difficult to measure, such as opinions or feelings (Cambridge English Dictionary n.d. b). In 

asset management context, the data in IT systems can be seen as hard data, and tacit knowledge, 

expert opinions and judgments as soft data (Kortelainen et al. 2015).  
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Tacit knowledge is the intuition and personal experience of people that is not in any palpable 

form (Amadi-Echendu & De Smidt 2015, p. 121). Explicating and sharing that knowledge so 

that it can be used by others is a problem. On the other hand, not even all hard data is accessible 

for decision makers on different decision making levels, because it is siloed in other 

departments or wrong information systems (Khan & Turowski 2016, p. 445). As Industry 4.0 

development is making data more available, there are fewer siloes than before (Khan & 

Turowski 2016, p. 447; Juhanko et al. 2015, p. 21). Improved access to data makes evidence-

based asset management a more viable approach and a current topic. 

 

This thesis was done as a part of SEED (“Solid value from digitalization in forest industry”), a 

collaboration project coordinated by VTT Technical Research Centre of Finland. SEED project 

partners include two other Finnish research organizations, multiple forest industry companies, 

IT companies and others. SEED aims to deliver value to the forest industry by digitalization. 

More precisely, the Next generation asset management work package of SEED aims to utilize 

tacit knowledge and gathered data to make better decisions and to increase efficiency in 

maintenance. In SEED, forest companies offered challenges to solve and their paper plants and 

pulp mills as test beds. 

 

1.2 Objectives and scope 

 

The objective of this thesis is to develop and demonstrate solutions on how the process industry 

could more effectively use the vast amount of maintenance-related asset data, which is gathered 

to various information systems. Research questions are: 

 

1. How can hard data stored in information systems, tacit knowledge and various 

documents be utilized in evidence-based decision making in process industry 

maintenance and asset management? 

 

2. How to present maintenance and asset information from various sources to the user 

clearly and efficiently? 
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The research question 1 studies issues in data utilization in the process industry. Various 

business processes produce an enormous amount of data in the information systems. This 

research question aims to find ways to use it in the decision making situations of different user 

groups. Evidence-based decision making essentially means using every bit of evidence to make 

decisions, so in addition to the hard data, the research question also addresses tacit knowledge 

and documentation which can be easily overlooked.  

 

The research question 2 focuses on presenting that information. It seeks ways to make evidence 

available, because it is often not possible or worthwhile to spend much time looking for it when 

the decision needs to be made quickly. The information needs to be presented in a clear and 

efficient manner, which means that the user has exactly the information they need in a user-

friendly interface. 

 

The scope of this thesis is on maintenance and asset management in the process industry and 

the forest industry case company, which has multiple pulp mills in Finland. The thesis studies 

the most common decision making situations that occur in maintenance and asset management 

to gather information needs of different user groups. It also studies innovations and technologies 

that can make those decisions easier. As a result, the thesis provides a proof of concept (POC) 

of a new tool, which is designed to help field maintenance technicians and maintenance 

managers in making evidence-based decisions. 

 

1.3 Research methods and execution 

 

A top priority in the execution of this thesis work was to make the research relevant to 

practitioners, in this case employees in the process industry. That is why a design science 

research approach was applied. Design science aims at discovering and solving of real-world 

problems instead of accumulating theoretical knowledge (Holmström, Ketokivi & Hameri 

2009, p. 65). The design science research (DSR) process in this thesis follows phases by Peffers 

et al. (2007, pp. 12-14). The phases, along with how they were applied in the work, are presented 

in Table 1. 
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Table 1. DSR process phases application in the thesis (Peffers et al., 2006) 

1. Problem identification and 

motivation 

Outlining the research background and problem. 

2. Objectives of a solution Defining the research objective, and research questions. 

3. Design and development Literature review, interview analysis and development of 

a proof of concept.  

4. Demonstration The functioning of the proof of concept is demonstrated 

with real data and presented to the SEED partners in a 

project meeting. 

5. Evaluation A few key people in the SEED project and VTT were 

interviewed for their opinions about the quality and 

feasibility of the solution. 

6. Communication This thesis serves as communication of the problem, the 

solution and their importance to researchers and other 

audiences. 

 

The process began by outlining the research problem and defining objectives for the research. 

The design and development phase essentially means creation of an artifact. Design science 

research artifacts are often said to be constructs, models, methods or instantiations, but simply 

put, an artifact can be any designed object in which the design is based on research contribution 

(Peffers et al. 2007, p. 13). In this thesis, the artifact is a proof of concept. A proof of concept 

is an output of experimental research, which aims to test if a concept works or not (Kendig 

2016, p. 740). It is used to prove a concept with a practical model and is an instrument of 

knowledge creation (Neto, Borges & Roque 2018, p. 270). In this thesis, the design and 

development phase includes a literature review, an interview analysis and the development of 

a proof of concept interface.  

 

The development of the proof of concept interface is based on the literature review and analysis 

of qualitative interviews of pulp mill employees, which were conducted as a part of the SEED 

project prior to the making of this thesis. The proof of concept is designed to be a prototype of 

a system that would help practitioners in maintenance departments. The proof of concept was 

demonstrated in a project meeting and as evaluation of the artifact, key people from the pulp 
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mill maintenance department were interviewed. Other interviewees were an experienced 

researcher of the subject and representatives of a Finnish IT company, which is a SEED partner 

and a developer of asset and maintenance management systems. In the interviews, the strengths, 

weaknesses, and feasibility of the implementation were assessed.  

 

1.4 Structure of the thesis 

 

The structure of this thesis is presented in Figure 1. The theoretical part includes Chapters 2 

and 3. Chapter 2 discusses the topic of asset management in general, common management 

models and decision making situations. The chapter is concluded by introducing the concept of 

evidence-based asset management. Because evidence-based asset management is based on 

availability of information, Chapter 3 covers asset management information systems and 

different kinds and formats of information in asset management. Data processing techniques 

and Industry 4.0 impact in maintenance and asset management are also discussed. 
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Figure 1. Structure of the thesis 

 

The empirical part of the thesis begins from Chapter 4 by introducing the SEED project and its 

goals and analyzing the pulp mill interviews. User personas are also developed in the chapter. 

The use cases for the proof of concept are identified and the developed proof of concept is 

presented in Chapter 5 along with results from the evaluation interviews. Finally, in the last 

chapter, the results of the thesis are summarized and research questions are answered. Also, 

suggestions for further research are given. 
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2 TOWARDS EVIDENCE-BASED ASSET MANAGEMENT 

 

An asset can be defined as any item, thing or entity that has value to an organization (ISO 55000 

2014). Asset management is a general definition which can be viewed as the management of 

many different types of assets. Commonly the types of assets are physical, financial, human, 

information and intangible assets. This thesis focuses solely on the physical asset management 

of in-service assets, i.e. assets deployed for use within the organization. Physical assets refer to 

items such as plant, machinery, and vehicles. (Hastings 2015, pp. 6-7,187)   

 

Asset management in capital intensive industries is about managing physical assets through 

their life cycle to achieve the organization’s strategy (El-Akruti & Dwight 2013, p. 398). The 

benefits of asset management include improved efficiency, effectiveness and financial 

performance, informed asset investment decisions and managed risk. In general, it helps 

organizations realize value from their assets by improving return on investments and balancing 

costs, risks and other factors. (ISO 55000 2014) 

 

Successful physical asset management requires a combination of technical and business 

competence, because the decision-makers need some technical knowledge of the assets as well 

as a financial focus (Hastings 2015, p. 7). From an engineering viewpoint, there are only two 

elements to physical asset management; maintaining the asset and modifying it if needed 

(Moubray 2001, p. 6). But there is more to it than that. According to a definition used by 

Mohseni’s (2003, p. 962), asset management optimizes and applies strategies related to asset 

life cycle investment and work planning decisions. The goal is to first understand the problem 

at hand and the related risks, and then develop and apply the correct business strategies and the 

right asset models to solve the problem efficiently. All of this should be supported by the 

organization, processes and technology. According to El-Akruti & Dwight (2013, p. 400), in 

organizational strategy making the operational and technical facet of asset management, which 

includes daily maintenance, is often neglected and considered a “necessary evil”. 
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A major activity in asset management is the development of strategic asset management plans 

which specify how organizational objectives are converted into asset management objectives, 

and the approach for developing asset management plans. Asset management plans specify 

activities, resources, timescales and responsibilities required to achieve asset management 

objectives. One document produced by these planning activities is a life cycle asset 

management plan, which identifies the associated maintenance activities, the planned life, and 

the disposal plan of the asset. (Hastings 2015, p. 151) 

 

Total Productive Maintenance (TPM) and Reliability centered maintenance (RCM) have been 

popular maintenance management models in asset management. TPM refers to the 

collaboration of production and maintenance departments and in TPM, operators make the care 

of assets an integral part of their work. RCM is a systematic step-by-step method for 

establishing maintenance policies. (Hastings 2015, pp. 304, 397) Both of the approaches aim to 

improve teamwork, quality and safety, reduce production losses and extend asset life. (Moubray 

2001, p. 19; Hastings 2015, pp. 312-313) 

 

The main philosophy behind TPM is to keep assets always in optimum condition and available 

to produce maximum output. It fosters continuous improvement of equipment effectiveness by 

multiple methods, such as data collection, analysis, problem solving and workplace 

organization. TPM encourages teamwork between production and maintenance, but also with 

other departments, such as design, quality or any other department concerned with the asset. 

(Willmott 1994, pp. 2-3) Hastings (2015, p. 304) concludes, that TPM is “non-heroic 

maintenance”; instead of maintenance department operating the equipment and maintenance 

department doing the repair jobs, operators try to do the routine things well by focusing on 

cleanliness, routine inspection, lubrication, etc. That requires that the operators have developed 

a sense of ownership of the asset to be motivated to take care of it.  

 

The RCM process involves a diverse team of experts, which must include people from both 

operations and maintenance. The team identifies equipment functions, potential failures, and 

failure effects in order to specify tasks to mitigate them. These tasks are then built into 

maintenance policies. By working in this structured way, there is a clear logical link between 

the equipment function and the maintenance policy. Combining the knowledge of management, 
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maintenance and engineering with in-depth conversations is what makes RCM valuable. 

(Hastings 2015, p. 392-397) The RCM process produces maintenance schedules, revised 

operating procedures and lists of areas where design changes are required for the asset to deliver 

the desired performance. For the participants, it’s a good opportunity to learn more about how 

the asset works. (Moubray 2001, pp. 17-18) 

 

There are many ways to categorize maintenance activities. In the following chapters, this thesis 

focuses on a few key functions: 

• Asset and maintenance management 

• Maintenance work planning and scheduling 

• Maintenance supervision 

• Field maintenance 

 

2.1 Asset and maintenance management  

 

Asset management involves a lot of decision making. One way to categorize decisions and 

activities is to divide them to operational, tactical and strategic levels. In asset management, 

this division can be based on the frequency of the decisions, and the effect and time to use for 

them (Kunttu et al. 2016, p. 76). The three categories are presented in Figure 2. 
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Figure 2. Decision making levels (adapted from Kunttu et al. 2016, p. 77) 

 

The operational level includes common day-to-day decisions that have minor effects on the 

business. Tactical decisions are developments on existing assets and functions, and strategic 

decisions deal with major changes in them. Asset and maintenance management, which is the 

highest hierarchical level addressed in this thesis, includes long-term tactical decisions made 

within the maintenance department. Because tactical decisions are related to developments or 

minor changes, the decision making situations allow using some time and consideration and 

examining the history and life cycle data of an asset. (Kunttu et al. 2016, pp. 76-77) The people 

making these decisions are commonly maintenance managers and maintenance development 

personnel. They are responsible for overall maintenance activities and performance of the 

department and are also in control of the maintenance budget. (Hastings 2015, p. 50) 

 

An asset replacement investment is an example of a tactical decision made by maintenance 

managers. Assets are frequently replaced as they age, and from a life cycle costing perspective, 

the decision to replace is based on comparing the annual cost of continuing to maintain the asset 

with the equivalent annual cost of a new asset (Hastings 2015, p. 152). Woodward (1997, p. 

338) states that an assets useful life can be based on five determinants: 
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• Functional life, which is the period over which the asset is anticipated to be needed 

• Physical life – the amount of time the asset lasts physically 

• Technological life – the time until the asset is technically obsolete and needs to be 

replaced due to a superior alternative 

• Economic life – the period until the asset becomes economically obsolete in comparison 

to a lower cost alternative 

• Social and legal life – the period until the asset needs to be replaced based on human 

desire or legal requirements. 

 

Often these investments are expensive, require careful planning and decision making and are 

based on cost-effectiveness. The focus is on restoring original performance and reducing 

maintenance and unavailability costs caused by outdated equipment. Symptoms that indicate 

need for an equipment replacement are increased number of failures and increased need for 

maintenance. Other main factors that affect the replacement decision are: 

• equipment age compared to other such equipment 

• changes in environment, use or functional requirements of the equipment 

• changes in availability of spare parts and services. (Heikkilä et al. 2009) 

 

Since decisions of this level allow use of time, the managers have time to look at data. The 

timeframe is typically weeks or months (Kunttu et al. 2016, p. 77). Currently, data-driven 

decision making is a major trend in asset management and more managerial decisions are based 

on data analytics (Brous, Janssen & Herder 2016, p. 575). It is important to note that without 

relevant and high  uality data, it’s im ossi le to make cost-effective decisions (Al-Najjar & 

Kans 2006, p. 622). 

 

2.2 Maintenance work planning and scheduling 

 

Maintenance planning is an activity that includes allocation of resources by determining which 

elements are needed in advance of the maintenance task itself. Maintenance scheduling means 

assigning the tasks to be done at an appropriate time. Maintenance work planning and 

scheduling aims to reduce maintenance costs and improve quality by reducing delays and 

utilizing work force effectively. Maintenance planning and scheduling is more complex than 
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the corresponding production activity in the sense that the demand for maintenance work 

typically has more variability and arrives more randomly. Also, the maintenance tasks have 

more variability between them in terms of content and they require coordination between many 

departments. (Duffuaa & Raouf 2015, pp. 155-157) 

 

The employees of this level are maintenance work planners and their responsibilities are to 

produce planned maintenance programs and maintenance work schedules as well as assign 

resources (Hastings 2015, p. 51). Maintenance planning and scheduling falls into the 

operational decision making category, since it is a part of daily operation and the frequency of 

decisions is high. According to another categorization method for decision making situations 

by Kinnunen et al. (2016, pp. 360-361), most of the decisions can also be considered as 

proactive decisions, because the maintenance work planners aim to develop predictions and 

maintenance plans that treat faults before they occur. History data, analytics and condition 

monitoring can be used to help in making the plans and predictions, but at the operational level, 

there is no time gather more data and limited time to examine the existing data. 

 

Rantala, Kortelainen and Ahonen (2021, pp. 1-3) have determined challenges in maintenance 

work planning regarding turnaround maintenance, which is a periodic maintenance operation 

involving inspections, repairs, replacements, and overhauls. Turnaround maintenance is 

performed while the plant or a major part of it is shut down. This is a major event and an 

important effort for planners because the scale of the operation is so big in terms of manpower 

and financial expenditure. Prolonged shutdowns cause significant production losses and costs 

may easily exceed the project budget. Involvement of multiple internal and external 

shareholders makes planning for turnaround maintenance complex. Planning typically involves 

suppliers, contractors, subcontractors, and individuals from other departments within the 

company. Planning also includes coordination between these stakeholders, but this interaction 

could be improved to achieve higher efficiency and utilization of resources. Planners also need 

to purchase spare parts, create schedules, and select contractors beforehand. Proper IT tools are 

beneficial for making these decisions but having access to enough data to support the decisions 

is currently a problem in the process industry.  
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2.3 Maintenance supervision 

 

The maintenance activities planned and scheduled by maintenance work planners need to be 

controlled and supervised, and that is the job of a maintenance supervisor. Maintenance 

supervisors work in close collaboration with the planners and are responsible for maintenance 

tasks to be carried out in accordance with maintenance policies, systems, plans, procedures and 

work schedules. All the activities need to be performed to a required work standard determined 

by management, including quality, safety and regulatory standards. (Hastings 2015, pp. 51, 

187) 

 

The daily work of supervisors consists of mostly operational tasks and decisions. They do 

planning and follow-up of maintenance activities within the IT system the company is using for 

maintenance activities (Kans 2008, pp. 38-39). Based on the interviews presented in this thesis 

(see Chapter 4.1), the supervisors also perform various other tasks, such as ordering 

components, arranging outsourced maintenance activities, and investigating urgent matters in 

the information systems or in the field. As much as half of their working hours may be spent 

on the field.  

 

2.4 Field maintenance 

 

Field maintenance is the level where the actual execution of maintenance tasks take place. Field 

maintenance takes place on the operational decision making level, where decisions must be 

made quickly, usually within hours or days. The decisions are also often quite similar to each 

other, because the same kind of situations can occur several times a year. Also, complexity and 

business impact of these decisions is usually low, so there is no need to apply laborious 

methods. However, it is desirable that most of these decisions are right. (Kunttu et al. 2016, p. 

77) 

 

The tasks are carried out by field maintenance technicians, who are technical experts of the 

equipment of the factory. Even though often overlooked in asset management, the field 

maintenance staff has a lot of expertise and knowledge and is the only party that really knows 

what is going on in the field. There is lot of tacit knowledge in the staff that is not necessarily 
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properly shared. For example, they could contribute more to the quality of FMECA (Failure 

mode, effects and criticality) analysis, which is a tool related to RCM. (Pistofidis et al. 2016, 

pp. 1743-1744) 

 

Field maintenance work tasks can be roughly classified to three categories (based on 

categorization by Hastings (2015, pp. 319-320)): 

1. Scheduled maintenance, which includes routine and planned maintenance tasks and 

planned shutdowns 

2. Predictive maintenance, which aims to predict failures with condition monitoring and 

take action early enough to avoid failures. 

3. Corrective maintenance to correct failures. Can be emergency maintenance, which 

means that the task must be carried out promptly due to an urgent situation like a 

breakdown or deferred maintenance that can be carried out later at a convenient time. 

 

The unique attributes of the categories make them distinct from one another. Planning and 

execution of these work tasks is very different. Scheduled maintenance is the most standard 

work, which can be planned well in advance, whereas corrective maintenance is often urgent 

and must be carried out with the resources available. Unlike the work of a planner, field 

maintenance work mostly consists of reactive and real-time decisions, which require action 

immediately after events occur (Kinnunen et al. 2016, p. 360). Faults must be diagnosed and 

repaired quickly, and mean time to repair (MTTR) is an important metric to follow, because 

big production losses incur from every minute of downtime (Ylipää et al. 2017, p. 138). This 

means that in every shift there must be competent staff that can handle sudden emergencies and 

that the information systems used by technicians and planners should be as efficient as possible. 

Kunttu et al. (2016, p. 77) also emphasize the importance of well-planned support systems for 

these decisions to minimize wasted time. 
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2.5 Evidence-based asset management 

 

Evidence-based asset management (EBAM) is a term launched by the C-MORE centre in the 

University of Toronto and proposed by Thompson, Zuashkiani & Jardine (2015). Sparling 

(2019, p. 107) defines an evidence-based practice as any practice that relies on scientific 

evidence in decision making situations. The evidence-based approach is already considered the 

gold standard in the medical field, where experts are expected to review all available evidence 

extensively and reference up-to-date and reliable scientific studies when making decisions. 

Although their own opinion may sometimes be correct, it is considered the least valid form of 

evidence. (Zuashkiani 2016, p. 329)  

 

The extension of evidence-based medicine to management of organizations has been proposed 

before by Pfeffer and Sutton (2006, p. 62). Evidence-based asset management can be considered 

as the application of similar principles to the asset management domain. The idea of EBAM is 

that decision making in asset management should not be based on just some individual numbers 

or opinions, but on a thorough collection and analysis of data and selection of decision criteria. 

The focus of the approach is on facts instead of intuition and rules of thumb. By using an 

evidence-based management process, a manager can better defend their decisions and stances 

regarding matters. (Thompson, Zuashkiani & Jardine 2015) 

 

The EBAM process requires cleaning, processing, and analyzing statistical data with state-of-

the-art mathematical and statistical techniques to produce outputs. The outputs are then 

combined with unbiased expert data, also known as tacit knowledge, to acquire sufficient 

scientific evidence for decision making. The end result is an evidence-based decision that is 

easy to justify. The EBAM approach can be used in decision making on life cycle costing, 

maintenance tactics, inspection policies and resource requirements. Examples of such decisions 

are determining appropriate replacement intervals for components or purchasing batch sizes of 

expensive spare parts and equipment repair-versus-replacement decisions. (Zuashkiani 2016, p. 

329-330) Decision making processes in asset management that strive to be smarter than before 

and utilize data sources have previously been known as “data-driven” (Brous, Janssen & Herder 

2016, p. 575). Unlike data-driven decision making, evidence-based decision making is a more 
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comprehensive concept, which shifts the emphasis from hard data sources and data-analytics to 

additional factors, such as tacit knowledge and documentation.  

 

Pfeffer and Sutton (2006, p. 65-66) listed a few problems in evidence-based management in 

general. One is that there is often too much evidence to review and going through it would be 

impossible in the decision time frame. Thus, the resulting decision is not always perfect even if 

and evidence-based approach is applied. The evidence may also not be good enough or be 

unreliable. Another weakness is the human that is making the decisions. A decision-maker can 

routinely ignore perfectly good evidence that clashes with their own beliefs and ideologies and 

their own observations can be distorted by their biases. Also, humans tend to believe in stories, 

and good storytelling is often more persuasive than quantitative data.  

 

Access to all relevant information is important in evidence-based asset management, but current 

information systems do not sufficiently respond to the information needs. There is a need to 

find better ways to display the evidence that is in different formats. (Kortelainen et al. 2021b, 

pp. 9-10) The decision-makers also need to embrace the evidence-based approach, understand 

their biases and try to make objective decisions. EBAM is especially useful for strategic and 

tactical decisions where there is time to review the evidence. For operational decisions, there 

needs to be a way to review reliable evidence quickly with new kinds of user interfaces. 
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3 SUPPORTING DECISIONS WITH DATA AND KNOWLEDGE 

 

Asset management requires accurate, up-to-date records and information of the assets to be 

successful. In organizations, such data is stored in computer-based asset management 

information systems. The idea of those systems is to assist in creating and maintaining 

documentation for the asset management function. That information helps the users in 

troubleshooting, decision making and data analysis and also serves as evidence to regulatory 

bodies that the maintenance tasks are being performed. (Hastings 2015, p. 223)  

 

Evidence-based asset management makes the quality of data increasingly important because 

the whole approach is based on the assumption that sufficient evidence is available to the 

decision maker. All historical data should be recorded to asset management information 

systems in sufficient detail so that it is useful in evidence-based decision making (Galán 2019, 

p. 636). And that is not enough, because the historical data along with tacit knowledge also 

needs to be accessible for all levels of employees and not behind systems that are too impractical 

and difficult to use (Kortelainen et al. 2021b, p. 10). 

 

3.1 Data sources and information systems 

 

Two common information systems known and used in the realm of asset and maintenance 

management are CMMS (Computerized Maintenance Management System) and EAM 

(Enterprise Asset Management) systems. CMMS is the name for the original systems that were 

developed for maintenance. (Hastings 2015, p. 224) A CMMS is used, because it is impossible 

to deal with all the maintenance information without a computerized system. The purpose of a 

CMMS is to gather maintenance information to make critical decision making faster and easier. 

The use of a CMMS reduces time spent looking for information and makes reporting and 

analysis easier. A CMMS can even automatically manage the stock levels and generate routine 

work tasks. All this helps in implementing maintenance strategies and keeping track of them. 

(Huo & Zhang 2003, p. 4608)  

 

 



20 

 

 

 

Later, more integrated EAM systems with more functionalities were introduced (Hastings 2015, 

p. 224). Junming & Aihua (2009) describe EAM as a software application that is used to 

maintain and track assets, because it contains descriptions of the assets, their conditions and 

relationships. This information can be used to support decision making; for example, asset age 

and condition are important factors to consider in tactical replacement investments. EAMs are 

designed to improve safety and efficiency, reduce downtime, control maintenance costs, reduce 

spare parts inventories, improve procurement efficiency and make full use of maintenance 

resources such as equipment and manpower (Junming & Aihua 2009). 

 

Regardless of whether the asset management information system is called a CMMS or an EAM, 

today it is recommended that an organization’s systems should have an asset register, 

capabilities for work requests and orders management, planning, scheduling and reporting, etc. 

Locations within the plant are typically identified with functional location coding and the 

location codes are used in work orders, inspection plans and in location-related documentation. 

The contents of a modern and versatile asset management information system are presented in 

Figure 3. Maintaining these systems requires ongoing input of data, so most of the activities 

that happen in the real world should be somehow documented in the systems. (Hastings 2015, 

pp. 224-226) 

 

 

Figure 3. Asset management information system contents (adapted from Hastings 2015, p. 224) 
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CMMS deployment and usage has some distinguished problems. For example, a lot of the data 

in the CMMS is maintenance information that is manually filled by users, but technicians don’t 

like to collect data “just in case” if they don’t know if anyone is actually going to use it. Also, 

the CMMS may be cumbersome and not effective enough to perform some tasks, and this can 

lead to workarounds and additional tools, which make processes confusing and chaotic. Other 

problems are connectivity issues and having to search and fill information in multiple tabs that 

are not user friendly.  verall,  eo le often don’t see the  enefits of the software and feel that it 

is more of a burden to them. Sometimes reporting a work takes more time that the physical 

work itself. However, many of these problems can be mitigated with proper management 

support, training, motivating, etc. (Mahlamäki & Nieminen 2019, pp. 105-106) 

 

Mahlamäki & Nieminen (2019, p. 116) also propose a role-based UI for CMMS that would 

adapt to local contexts and working roles. The idea is that only necessary and relevant input 

fields should be displayed to the user. For example, the maintenance supervisors should only 

see fields and elements that they need in their daily work. Instructions would also be customized 

to be related to their work tasks only. Although it is a challenging proposal to actualize, a 

solution like this would reduce the amount of clutter in the CMMS system that is putting many 

people off and possibly reduce bandwidth requirements, because redundant data is not loaded.  

 

Nowadays these asset management information systems are complemented with many kinds of 

other systems, including condition monitoring, automation and process control systems. Some 

organizations may use an ERP (Enterprise Resource Planning) with a maintenance module 

instead of a CMMS. There are also digital control room diaries, where operators can log events 

during their shifts and even send fault notifications to the maintenance department. (Kortelainen 

et al. 2021a, pp. 126-133) 

 

Even with all these information systems, for certain assets, maintenance data may still be poor 

or unavailable. This does not mean that it does not exist, since often a lot of information can be 

found as tacit knowledge. Knowing where to look for this knowledge, extracting it and making 

it available is the problem. (Thompson, Zuashkiani & Jardine 2015) In organizations, tacit 

knowledge exists as intuition and personal experience of employees. This kind of knowledge 



22 

 

 

 

from experienced operators, engineers, etc. should be treated with high relevance, since it 

complements other data sources, like outputs of artificial intelligence algorithms, especially in 

situations of high uncertainty. (Amadi-Echendu & De Smidt 2015, pp. 121, 126-128)  

 

Some engineering knowledge can be captured and stored in documents that are made during 

design, risk analysis or operation stages, for example outputs of failure modes and effects 

analysis (FMEA) and failure investigations (Hodkiewicz et al. 2020, p. 239). The field 

maintenance staff and plant operators could contribute to and improve the quality of FMEA 

analyses, since they have a lot of valuable hands-on knowledge of the assets. The knowledge 

of experienced employees just needs to be brought to daylight with better feedback loops in the 

analysis process (Pistofidis et al. 2016, pp. 1743-1744). The TPM and RCM philosophies also 

emphasize the knowledge and engagement of the operators and technicians. They possess a lot 

of tacit knowledge that could be better explicated also in more detailed CMMS and control 

room diary entries. In addition to the documents made within the organization, equipment 

manufacturers often provide recommendations for generally appropriate maintenance activities 

for their assets, although those manuals don’t usually contain in-depth case-specific instructions 

(Thompson, Zuashkiani & Jardine 2015). 

 

Table 2 presents some of the common data types that companies could turn into knowledge 

with techniques presented later in Chapter 3.2. It also provides examples of the data and what 

their usual presentation formats are. In the manufacturing industry, it’s common to do a lot of 

modelling that results to 3D models, drawings and diagrams (Kortelainen et al. 2019, p. 62). 

These documents are usually stored somewhere, either digitally or physically, and should be 

accessible to decision makers in order to conform to the principles of evidence-based asset 

management. A practical solution would be to keep them in a centralized digital information 

management system instead of drawers or individual files and folders. 
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Table 2. Common data types 

Data types  Examples Presentation format 

Design drawings Piping and instrumentation 

diagrams 

Graphical 

3D models CAD models of machinery 

and wirings 

Graphical 

Manuals Manufacturers’ manuals Textual and graphical 

Operational data Control room diary and 

process data 

Numerical and textual 

Maintenance data CMMS Numerical and textual 

Tacit knowledge Risk and reliability analyses, 

CMMS, diary, user 

experience 

Indefinite 

 

3.2 Data processing 

 

After data is acquired and stored on databases, it needs to be refined to knowledge and 

preferably wisdom to be useful. According to the DIKW (data, information, knowledge, 

wisdom) hierarchy which is presented by (Rowley 2007, pp. 163-164) as the knowledge 

pyramid, data itself is not useful for understanding the underlying assets, unless it is refined to 

information, knowledge and eventually wisdom.  

 

Information is the form of data that is meaningful for a human, like trends that are easily 

interpretable from visualizations, etc. Knowledge is the ability to interpret these trends or make 

other deductions from the information. It also means the ability to take measures based on these 

deductions with good results. Finally, wisdom is the ability to recognize the options that are 

relevant and applicable for the situation at hand and compare the pros and cons of these 

approaches and make optimal, educated decisions. (Kunttu et al. 2016, pp. 78-79) 

 

Regardless of the type of decision, data processing generally goes through the phases in Figure 

4. A human is typically not able to find relevant information from only a set of numbers but 

needs visualizations and simplifications. Data pretreatment and descriptive data analysis is what 
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transforms data to information. Data modelling and combining hard data and soft data is what 

supports the development of knowledge. Technical information is not the only thing needed, 

because tacit knowledge and heuristics are important as well. For knowledge to eventually 

develop to wisdom, you need the ability to recognize relevant aspects and relationships between 

causes and effects. (Kunttu et al. 2016, pp. 78-79)  

 

 

Figure 4. The DIKW hierarchy and a data analysis process (adapted from Kunttu et al. 2016) 

 

In the case of an asset replacement decision, maintenance events caused by failures can be 

expressed in figures (bar charts, scatter plots) that give an overview of the situation of the asset. 

Along with those, one could calculate basic measures, like mean and variance. As shown in 

Figure 5, predictive data modelling could try to predict the future failure rate based on the 

current trend and estimate a new failure rate if the asset would be replaced. Finally, the 

knowledge that was developed with data modelling could be complemented with qualitative 

information like risk and reliability analyses, eg. Hazop and FMEA and other soft data sources. 

(Kortelainen et al. 2019, p. 25-26) 
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Figure 5. Data modelling predictions (adapted from Kortelainen et al. 2019, p. 26) 

 

3.3 Industry 4.0 impact in maintenance and asset management 

 

A trend that is shaping the future in maintenance and asset management is Industry 4.0, which 

is also known as the fourth industrial revolution. It is a broad concept and there are multiple 

definitions for it. By the definition of Khan & Turowski (2016, p. 442) Industry 4.0 is a 

revolution enabled by application of advanced technologies, that bring value to the organization 

and its customers. Such technologies are Internet of Things (IoT), robotics, artificial 

intelligence, and cloud-based applications. Some recent factors enabling this revolution are 

developments in information technology and the rapid increase in the amount of data. (Khan & 

Turowski 2016, p. 442) 

 

Acquiring data that is of good enough quality in terms of completeness, consistency, accuracy, 

relevancy, and timeliness has been a long-standing problem in data-driven decision making. 

Internet of Things, which is an integral part of Industry 4.0, is a solution that can nowadays 

provide a lot of timely data. Sensors can be installed to devices, like factory automation systems, 

vehicles and products to produce streams of data. As a result of this and other advances in data 

collection practices, the amount of available data has recently exploded. (Brous, Janssen & 

Herder 2016) 
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Industry 4.0 is also expected to challenge traditional asset management and maintenance 

practices. Working gets a lot easier, when information systems, like EAMs are converted to 

mobile applications and AR (Augmented Reality) and VR (Virtual Reality) solutions allow 

experts to remotely access sites to provide consultation and support to field maintenance. Data 

is more connected than ever, and new artificial intelligence technologies can be applied to 

processes. Speech recognition, text analysis and forecasting are just a few examples of where 

artificial intelligence can be utilized. New value creation is possible with analysis of larger data 

sets than before and real-time decision making that the improved connectivity enables. 

(Kortelainen, Hanski & Valkokari 2020, p. 10-11) 

 

Storing and handling such a massive amount of data is a major challenge and it requires 

knowledge of algorithms, models and visualization techniques to gain benefits from the data. 

Companies are also lacking a standardized approach for data management. A lot of the stored 

data is redundant, or the same data that is stored elsewhere only in different formats with minor 

extensions or enrichments. This data can exist in various departments in so-called data silos. 

(Khan & Turowski 2016, pp. 445-446) 

 

Departments also use different information systems and these systems are at the risk of being 

isolated from each other. Data stored in them is not useful in decision making or any other 

activity done in other departments if it is not accessible to those departments. Industry 4.0 

principles encourage connectivity between data silos. For the maintenance function, this would 

enable maintenance to evolve from corrective to planned, predictive and finally self-fixing. 

Ideally, all systems would be connected with cloud technologies and communicate with each 

other, but most companies are still far from having their systems integrated. Shop floor level 

technologies are often connected with each other to some extent, but there is a big gap from the 

field level to the management and strategic levels. (Ferreira et al. 2016, p. 349) 

 

Figure 6 depicts the vision of Juhanko et al. (2015, p. 21) of how systems should be able to 

exchange information via Application Programming Interfaces (APIs) and how production 

devices connected to the Internet could constantly feed information to these systems and other 

parties. Polenghi et al. (2019, p. 283) state that organizations are beginning to collect data from 
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various sources to different kinds of centralized data storages, that can even be unstructured. 

Such unstructured data storages are called “data lakes”. 

 

 

Figure 6. Connecting data silos with the industrial internet (adapted from Juhanko et al. 2015, p. 21) 

 

As mentioned before (see Chapter 2.5), asset and maintenance management decisions can and 

should be supported with information gathered from multiple data sources. An ideal fault 

diagnosis process by (Mikkonen 2009, p. 170) is depicted in Figure 7. Typically, when 

technicians engage in a corrective maintenance task, they diagnose the problem based on the 

tacit knowledge they already have, and the symptoms shown by the equipment. The diagnosis 

can, however, be refined with additional inputs. Those inputs are su  lier’s documents, 

maintenance event history, user experience, process data and condition monitoring systems. 

Su  lier’s documents can include manufacturer’s manuals and drawings, which can contain 

valuable information regarding the problem. User experience is the knowledge of the asset’s 

users and it can be found in many forms, e.g. tacit knowledge, or word-of-mouth. As argued in 

Chapter 3.1, such knowledge should preferably be documented in well-made analyses (FMEA, 

 nternet
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etc.) or high-quality and detailed data entries in the CMMS and control room diaries. This 

would make it easily accessible for the technician. A history of maintenance events is stored in 

the CMMS and process data and condition monitoring systems can provide other insights on 

what has happened prior to and at the moment of the fault. After the diagnosis, repair action is 

taken. The maintenance information systems are updated and a new maintenance history event 

logged. 

 

 

Figure 7. Combining data sources for a fault diagnosis (adapted from Mikkonen 2009, p. 170) 

 

Prior to Industry 4.0, utilizing every crumb of information in the way presented in Figure 7 has 

been very impractical. According to Kortelainen et al. (2021, p. 130), companies have begun to 

connect information systems and the systems are getting better at communicating with each 

other. Kans (2008, p. 39) and Galán (2019, p. 636) state that  IT systems in asset management 

lack functionality to support advanced decision making such as failure diagnosis, prognosis and 

maintenance investments and collected data is not completely utilized. Al-Najjar & Kans (2006) 

suggest that gathered data should be organized and developed to a dynamic, user-friendly 
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interface that gives a holistic view of the maintenance situation at hand for rapid technical and 

economic mapping. Cloud technology along with improved data sharing and accessibility have 

made such a solution and the evidence-based approach for maintenance and asset management 

a more valid option.  
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4 SEED PROJECT 

 

The SEED (“Solid value from digitalization in forest industry”) -project is a collaborative 

innovation project that aims to improve Finnish forest industry competitiveness by applying 

digitalization in a way that has real business value (Seed ecosystem, n.d.). It is a project that 

involves researchers, forest industry companies and several other companies. The whole 

problem-solving ecosystem of SEED, including companies and their roles, is presented in 

Figure 8. There are three main customers for the solution developers, and most of the solution 

developers are IT companies that seek to develop new enhanced products. (Valkokari et al. 

2020, pp. 464-465) 

 

 

Figure 8. The SEED ecosystem (Valkokari et al., 2020) 

 

The “Next generation asset management” work package of SEED focuses on finding ways to 

use data, information, knowledge and analytics to apply digitalization in organizations. The 

work package aims to answer the question “How digitalization challenges the current asset 

management processes and what solutions could provide highest value and benefits for 

operational excellence?” The work package acknowledges that organizations already gather 

lots of data and seeks for better ways to use that data. It also emphasizes the importance of tacit 

information collection and integrating that information to other data sources. The work done 
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within this work package contributes to business-driven use cases of SEED known as “Tacit 

knowledge and data integration for operational excellence” and “    degree status tool” and it 

also relates to a business-driven use case called “Ne t generation diary”. 

 

The 360 degree status tool was loosely described as a tool that would help data utilization in 

mainly field maintenance tasks. In the description, the tool would solve challenges that were 

caused by poor information availability. Thus, the objectives of the 360 degree status tool and 

“Tacit knowledge and data integration for operational excellence” were aligned. Also, with the 

help of the tool, the field technician could focus on the repair work and use information systems 

as hands-free as possible and easily get help in problem situations. The next generation diary 

was described as a control room diary that is more flexible than before. It would be better 

connected with other systems and support more devices as well as various types of data inputs, 

such as pictures. The core message in both business-driven use case descriptions was that both 

tools would support connectivity with other existing systems and tools in the spirit of Industry 

4.0. The specific challenges that this thesis addresses are better utilization of databases, data 

analysis and  ersonnel’s e  ertise and development of new tools. The main goal of the new 

tools is to increase productivity by easing em loyees’ access to relevant data and improving 

exchange of knowledge (Seed ecosystem n.d.). 

 

4.1 Interview analysis 

 

Wishes and expectations of the employees in three pulp mills were mapped in interviews that 

were carried out by the SEED project team during the spring of 2020 before the author joined 

the project team. The interviews included a large sample of people within UPM, a Finnish forest 

industry company. Interviewees ranged from the mill director to maintenance managers and 

maintenance planners as well as field maintenance engineers and shop floor operators. The 

interviews were carried out in three separate UPM pulp mills in Finland. A total of 102 people 

were interviewed. The interviewees participated the meetings as small groups of 1 to 5. Each 

remote interview meeting took 1-1,5 hours and there were two interviewers to participate and 

take notes. 
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All interviewees whose role in the organization was relevant to this thesis are listed and divided 

to the three plants in Table 3 below. “Field maintenance technicians” includes multiple different 

job titles of people working with field maintenance tasks. However, they all have very similar 

job tasks, so they are grouped as one. Also, maintenance managers and maintenance 

development personnel are grouped together.  

 

Table 3. Number of interviewees by role and pulp mill location 

  Kymi Lappeenranta Pietarsaari 

Field maintenance technicians 10 6 3 

Maintenance planners 5 1 3 

Maintenance supervisors 3 6 1 

Maintenance managers and people 

responsible for maintenance development 

3 4 1 

 

The interviews were conducted as semi-structured. Questions were related to the 360 degree 

status tool and next generation diary that the company had envisioned in the business-driven 

use case descriptions. Some examples of interview questions: 

• What information do you need in your daily work? 

• What kind of challenges do you have in collecting and reporting information? 

• What are the shortcomings and development needs of the current practice in utilizing 

information sources? 

• What are the main challenges in usability of your current IT systems? 

• What kind of expectations do you have for the new tools and systems? 

 

For this thesis, the interview data was analyzed by the author with NVivo, which is a qualitative 

analysis software. Only the interviews that were relevant to this thesis were considered, i.e. 

people from operations and other departments were excluded from the analysis. The analysis 

also emphasized the interviews on the 360 degree status tool which was more related to this 

thesis than the next generation diary. Key issues interviewees had with their daily work were 

identified. The analysis focused especially in decision making situations and problems the 

interviewees had with data sources, information systems and knowledge sharing. Key findings 

are presented in Table 4. The findings are divided according to the roles that were identified by 



33 

 

 

 

the SEED research group as important roles that would benefit from the evidence-based asset 

management approach. 

 

Table 4. Key findings from the interviews 

User group Challenges related to decision making 

Maintenance 

managers 

• Field information is not reported as required or gets stuck on a lower level 

and never reaches the manager. 

• Crucial data for decision making is difficult to access because it is scattered 

in multiple systems. 

• The business intelligence tool (Power BI) is built so that it is full of 

unnecessary and misleading reports which distract decision making. 

Maintenance 

work 

planners 

• Poorly made data entries in information systems, such as the control room 

diary and CMMS are not helpful in planning. 

• Information of past faults and work regarding an asset and upcoming 

production stoppages is scattered and of poor quality.  

• The ERP system contains lots of information but is a difficult system to 

adopt and master.  

• Too many and overly complicated systems with limited training. 

Maintenance 

supervisors 

• Often subordinates are not able to solve problems on their own and on the 

site unless they have years of experience. 

• Subordinates and operators are unwilling to adopt new systems such as ERP 

(desktop and mobile) despite given training and make poor data entries. 

• New systems are difficult to adopt for everyone. 

Field 

maintenance 

technicians 

• Not enough equipment knowledge. 

• Incomplete descriptions of past events don’t su  ort develo ment of 

knowledge, i.e. knowledge is not passed forward sufficiently. 

• Diagrams, pictures, photos and instructions are difficult to search and 

access, need to be printed out and are not always up to date. 

• Some of the software only works on a few specific workstations.  

• Lack of competence in using the diverse and constantly evolving software 

solutions. 

• Too many information systems to use and record data to. 
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The interview results clearly assured that there is a need for something similar to the 360 degree 

status tool. Currently employees have no easy access to all the knowledge regarding past events 

concerning  roduction lines and machines. They often don’t know what has failed and what 

kind of maintenance has been done in the past, because the information is scattered around 

different information systems. Nearly all user groups mentioned that there are too many systems 

that are difficult to use. Some of the older information systems are not user-friendly and they 

are difficult to use for occasional users. There was also frustration in some recently introduced 

systems which were thought to be introduced too early as underdeveloped. They thought that 

those systems only increase the complexity of the work without adding any value for the user. 

 

As discussed in Chapter 3.1, documents, such as manuals, drawings and life cycle plans play 

an important part in the decision making processes in maintenance. According to the interviews, 

such important documentation is sometimes among big, unorganized stacks of paper. The 

information that the documents contain occasionally needs to be updated but especially small 

u dates are often neglected, so the documents might  e outdated.  n the field technician’s work, 

documents also need to be printed out and taken to the field. Since some of the tacit knowledge 

in the organization can be captured in different analysis documents, the control room diary and 

well-made CMMS entries, it is important for that knowledge to be accessible. Currently, the 

diary and documents are underutilized among field technicians, and the quality of history data 

in the CMMS is poor. 

 

Table 5 lists the reasons why interviewees found the 360 degree status tool is necessary for their 

daily work. Maintenance managers mainly want predictability to the investments. They need 

ways to determine if an asset must be replaced because of wearing or other factors. Work 

planners hope for less scattered information, and supervisors and field technicians wish for 

systems that are smoother and easier to use. They also need better access to help and knowledge 

from experts, operators and other technicians. 
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Table 5. Why interviewee groups found the 360 degree status tool important 

Role Benefits that could be achieved 

Maintenance managers • Predictability to investments. 

• Help in calculating life cycle costs and making wise 

investments. 

• Reduce overlap between information systems. 

Work planners • Information would be connected better. 

• Ability to see how much time tasks consumed before is 

helpful information in planning. 

Maintenance supervisors and 

field maintenance technicians 

• Solving problems on-site without a desktop application 

and a printer is easier and faster. 

• Better access to data sources. 

• Getting help when it is needed. 

 

4.2 Personas 

 

The process of designing a new software solution or a hardware product requires understanding 

of the users and their needs before specific requirements can be formed. Personas are a way of 

sharing understanding about the users with the product designers and developers, but they are 

also a way of keeping the design user-focused throughout the project. There is no proper, 

universal definition of what a persona is and how they should be used, and there is a variety of 

ways to depict them. Personas are often fictional archetypes that are based on real data on the 

users and they may also include some background story and fictional characteristics to make 

them more engaging. (Nielsen 2019, pp. 8-13) 

 

Because this thesis aimed to develop a proof of concept version of a new tool, the interview 

findings were converted to simple user personas based on the interviews. The user personas 

here are based on answers to simple  uestions “ hat is their goal?” and “ hat are the main 

 arriers to achieving this goal?”. The goals of the personas are based on literature (see Chapter 

2) and what interviewees told about their work, and the barriers are derived from the interview 

material. These personas have no additional, fictitious characteristics, but are artificial in the 

sense that no single person has to encounter all of the stated barriers. These personas can be 
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considered the users of the proof of concept interface and the interface aims to solve some of 

the problems they have. The persona of a field maintenance technician is presented in Figure 9. 

Field maintenance technician is used as general name for any person doing field maintenance 

tasks. 

 

 

Figure 9. Persona of a field maintenance technician 

 

Here are some comments from the field maintenance technicians’ interviews: 

“Sometimes I can find barely any information from the ERP and need to dig 

it from piles of paper.” 

“History information is poor on some equipment.” 

“If something breaks, and the work shift happens to change before 

repairing, and nothing has been recorded to the systems, troubleshooting 

later is difficult.” 

“More time should be spent on troubleshooting and on moving the 

information forward.” 

The person who performs the maintenance on the production equipment

Field maintenance technician

They want to perform maintenance tasks quickly and safely without 
interrupting the production flow too much.

What is their goal?

• They need to search or ask for help, because equipment knowledge is 
insufficient due to inexperience.

• Data in information systems is so poor quality or slow to access, that it is 
better to exchange knowledge of urgent matters by talking to operators and 
other technicians.

• Spare parts are missing or unavailable.

• Diagrams and pictures are outdated and provide false information.

• They need to walk back and forth to print diagrams and take them with them 
to the field. 

What are the main barriers to achieving this goal?
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Figure 10 depicts the persona of a maintenance work planner. They wish to plan and schedule 

maintenance work without wasting resources. 

 

 

Figure 10. Persona of a maintenance work planner 

 

Planners were mainly frustrated about how information is scattered and how difficult it is to 

plan and track turnaround maintenance. Comments from the planners: 

“It would be good if all information was in one place.” 

“If there was clear information about what has caused trouble on the 

equipment and what has happened, it would be easier to get to the root 

causes” 

 

 

 

 

 

The person who plans and schedules maintenance work and allocates 
resources.

Maintenance work planner

To do efficient planning, scheduling and purchase orders that waste minimal 
resources.

What is their goal?

• ERP and other systems are difficult to use because of insufficient training and 
because there are too many of them.

• They can’t  uickly find information a out  ast faults and work that has  een 
done on equipment.

• Scheduling and planning for turnaround maintenance is a big and difficult 
effort.

• The future is difficult to predict.

What are the main barriers to achieving this goal?
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Figure 11 is the persona of a maintenance supervisor. Their goal is to effectively manage their 

subordinates and they also contribute to the work planning.  

 

 

Figure 11. Persona of a maintenance supervisor 

 

Maintenance su ervisors’ su ordinates need more or less guidance in their work and that is  art 

of the job, but with better information systems and instructions, the supervisors’ work and the 

work of other field maintenance technicians would be easier. Comments from the supervisors: 

“High-quality entries would result in less time spent on diagnosis and 

finding the equipment.” 

“The diary should be utilized better and connected to other systems.” 

“Only a few of my subordinates use the mobile version of the ERP, because 

they don’t find it useful or good enough.” 

“A personalized system that you can customize for yourself would be 

good.” 

 

The supervisor of the field maintenance work.

Maintenance supervisor

Daily planning and coordinating their subordinates to perform their tasks 
efficiently and correctly and keeping them educated regarding their jobs.

What is their goal?

• Subordinates constantly need help and guidance in their work.

• Failure reports lack critical information, or system functionalities are not 
fully utilized, which causes extra work for the supervisor. 

• New systems are difficult to adopt due to insufficient training and old age.

• Everyone uses a different system and thus, it is difficult to keep track of what 
is being done.

What are the main barriers to achieving this goal?
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The comment about a personalized system is in line with the role-based UI suggestion by Kans  

(2008, p. 116) and was considered later in the development of the proof of concept. Figure 12 

is the persona of a maintenance manager. They are in charge of turnaround maintenance and 

asset replacements and want to make economically wise decisions. 

 

 

Figure 12. Persona of a maintenance manager 

 

Maintenance managers found it difficult to determine which investments are good and which 

are not. Previously some information was simply not available, but now business intelligence 

tools have made it available. The problem is that there is too much of it. Comments from the 

managers: 

“I don’t know which reports are relevant, where the information comes 

from and whether that information is reliable or not.” 

“It always takes a little digging to find which parts should be replaced or at 

which point an automation system should be renewed.” 

 

The superior of maintenance supervisors. In charge of maintenance personnel, 
expenses and leading plant stoppages.

Maintenance manager

Plan and lead plant stoppages and asset renewals economically with minimal 
negative effects on production. Manage plant maintenance effectively as a 
whole.

What is their goal?

•  e doesn’t have sufficient access to information re orted from the field. 

• Field information is not adequately reported.

• Business intelligence tools and reporting dashboards are crammed with 
confusing and misleading information.

• Some of the data, like equipment life cycle information is difficult to access 
and predictability of investments is poor.

What are the main barriers to achieving this goal?
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5 DEVELOPING AN INTERFACE FOR EVIDENCE-BASED ASSET 

MANAGEMENT 

 

This thesis follows a design science research process, which includes a design and development 

phase. The output of that phase is a solution in the form of an artifact, which can then be 

demonstrated and evaluated in the later phases (Peffers et al. 2007, pp. 13-14). The artifact of 

this thesis is a proof of concept of an interface, and it was developed to demonstrate evidence-

based maintenance and asset management and role-based UIs in practice. 

 

The interface was chosen to be created with Excel. One of the reasons for this choice was that 

most of the data was already in Excel files, so an Excel implementation required little 

modifications to them, and no additional database connections were needed. Excel is also a fast 

tool for making small prototypes and its features could easily fulfill most of the requirements 

that were planned for the proof of concept. An actual product would need to be an independent 

computer program, but Excel was fitting for this thesis because the purpose of the proof of 

concept was only to concretize and present the idea of evidence-based asset management.  

 

5.1 Proof of concept use cases  

 

Use cases are helpful in imagining how a future system or product looks like and how the 

personas are going to interact with it (Nielsen 2019, pp. 83, 90). A use case diagram is a standard 

way to depict an overview of a system and its use cases (Alexander & Maiden 2004, p. 242-

243). Based on the insight gathered from the interviews, two business processes were chosen 

as use cases for the software that the proof of concept depicts. The SEED project group 

considered the two chosen processes important for the user groups and most suitable for 

showcasing the intended capabilities of the POC system. The business processes/use cases are: 

• res onse to a fault notification, which is mainly a field technician’s task  ut also 

includes initiation by the maintenance supervisor 

• equipment replacement decision made by a maintenance manager.  
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Figure 13 is a use case diagram which identifies the actors “ ield technician” and “Maintenance 

manager”, their use cases for the     and related e ternal information systems. The e ternal 

information systems work as databases for the interface and provide useful knowledge 

regarding the process. The CMMS is used to retrieve asset maintenance information, the control 

room diary is used to review actions logged by asset operators and the document database 

contains all asset-related documentation, such as risk analyses, manuals and drawings. 

 

 

Figure 13. Use case diagram 

 

This POC is an interface implementation, which will not address the technical details on how 

the external systems can be connected in practice, because it only presents the idea on how the 

information gathered in those systems should be utilized. In practice, the external systems could 

be connected with application programming interfaces. They could also be merged to one and 

the POC interface could be a part of that system. Currently, the SEED project partner UPM is 

developing a centralized database to solve the issue of separate, disconnected databases. This 

kind of progress helps with making real-life applications out of this proof of concept.  
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For each use case, a BPMN (Business Process Model and Notation) model was created with 

the guidance of the S     roject grou . A   MN model consists of “swim lanes” for different 

users and activities assigned to them. It is a tool that is used in requirements engineering because 

of its capabilities and usefulness in characterizing system functionalities, illustrating the 

workflow and addressing and communicating requirements with stakeholders (Bakar, Musa & 

Mohamad 2020, p. 2). The external systems that were portrayed in Figure 13 are also present 

in the BPMN models as database icons.  

 

Figure 14 depicts an equipment replacement decision made by a maintenance manager. If the 

investment is minor enough and fits the maintenance budget, this decision can be made 

independently by the manager without the need to go through a more complicated process. The 

process is initiated by a complaint coming from the production department. The message is 

received by a maintenance manager, who begins to investigate the situation. They will browse 

the CMMS for asset history data to see what kind of problems there have been with the 

equipment. They will then search for the asset’s life cycle plan to see detailed information on 

how the equipment is planned to be serviced and possibly search for further information from 

other documents. Then they visualize the data as well as they can. Finally, the feasibility of a 

replacement investment is evaluated, and the decision is made.  
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Figure 14. Equipment replacement decision 

 

This is an example of trying to refine data to knowledge to be able to make a good decision. 

With the current data sources, visualizing and modelling the data is a challenge. It is especially 

difficult to combine them with expert knowledge, i.e. soft data because that data is often poorly 

managed. It may exist as papers in someone’s desk drawer, or in separate files or folders. 

However, soft data is beneficial in supporting development of knowledge. In a good situation, 

all of it is digital and centralized in a database where it can be easily accessed.  

 

Responding to a fault notification is a slightly more complicated process and for this reason the 

whole process is depicted in Appendix 1. Figure 15 represents a shortened version of that 

process. The process begins with the maintenance supervisor receiving a fault notification from 

the CMMS, sent by an operator. He reviews the urgency of the notification and sends a work 

order for a field technician to work on. Again, the technician needs multiple data sources to 

perform a fault diagnosis. The main sources are the CMMS, the control room diary and the 

document database. Based on information gathered from them, the technician makes a 

preliminary diagnosis, decides how to proceed and picks up necessary tools and spare parts. He 
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performs the maintenance task, reports it in the CMMS and closes the work order. This is a 

simplified instance of the process, but in reality, there can be many obstacles and exceptions. 

For example, the urgency of the fault can require quicker action so there is no time to review 

data sources, or the best way to make the diagnosis is to simply inspect the equipment, or the 

corrective action is obvious without extensive investigation. 

 

 

Figure 15. Response to a fault notification, shortened 

 

For the sake of context, these figures represented a fairly thorough presentation of the 

maintenance and asset management processes. Not all the steps included in the models were 

planned be a part of the proof of concept interface. This is partly due to restrictions in the 

availability of data and the scope of the thesis. For example, all data entries and steps like 

issuing and closing work orders would still be done inside the CMMS system. Spare parts are 

also not included in the data used or in the proof of concept.  
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5.2 Collecting a data set 

 

The data set used in the proof of concept was compiled from previous projects of VTT in such 

a way that it covered the aspects and data types that were representative and sufficient for the 

POC development. The data is not from UPM, but it is from a process industry facility and 

originates from similar information systems. It was previously used by Valkokari, Kunttu & 

Ahonen (2011). The data set describes a facility consisting of six sub-processes, namely five 

boiler units (BU) and a washing unit. The structure of the facility and data is presented in Figure 

16.  

 

 

Figure 16. CMMS data structure and related asset system in the POC 

 

The data set contained a CMMS asset register and maintenance work history events as well as 

control room diary entries. It covered approximately a year and had a total of 152 entries. The 

data was originally exported to Excel sheets and was anonymized to be used in this thesis. In 

addition to those data sources, a folder was created to represent a document database. The folder 

was filled with examples of asset-specific documentation, like risk analysis documents, 

manuals and diagrams. Because creating real database connections was not practical, external 

systems were accessed from folders and files that contained the data. The document folder was 

accessed and searched with Excel VBA macros and other data sources could be utilized directly 

with Excel functions and charts. The data sources are described in Table 6.  
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Table 6. POC data sources 

External system System description Proof of concept implementation 

Control room 

diary 

A standalone system or a 

module within another 

system 

Excel sheet containing historical 

diary entries 

CMMS An ERP module or a 

standalone system 

Excel sheet containing all CMMS 

information of the asset and past 

work 

Document 

database 

Paper documents, a 

database, or an information 

management software 

A folder that contains multiple word 

(.docx) and text (.txt) files, 

including Hazop and FMEA 

analysis documents 

 

These were all the data sources that were readily available without additional data collection, 

and they were sufficient for this demonstration. Decision making situations in maintenance and 

asset management often require more information that what these data sources can offer. Such 

information from spare parts, asset conditions and processes could also be brought to the same 

interface if it does not clutter it too much. Also, a history longer than just one year would allow 

making better, long-term analyses. 

 

5.3 Interface views and functions 

 

The interface was developed with the personas, use cases and the needs of the users in mind. 

The interface can be considered role-based or even task-based, because the design is heavily 

based on the two use case processes that were modeled before. The interface aims to streamline 

and simplify these processes so that they can be done faster and with better quality. The proof 

of concept is a real, functioning tool that updates dynamically based on what the user wants to 

display. 
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The proof of concept interface consists of two main views, called Management view and 

Detailed view. The navigation happens from the left side navigation bar. The Detailed view 

(Figure 17) offers a holistic view of the searched asset for the user. It combines information 

from the CMMS, the control room diary and the document database. This information is meant 

to be useful in the fault diagnosis process and steps 1-4 from Figure 15 can be completed within 

this interface. 

 

 

Figure 17. Detailed view 

 

The Detailed view displays: 

• The fault notification in the bottom of the sidebar 

• A search field, which allows to search for a position code (functional location), item 

name or description text 

• Maintenance work history data of the searched asset or keyword 

• Maintenance work history plotted as an event arrival curve 

• A forecast of future maintenance events, which is based on linear regression of past data 

points. 

• Control room diary entries of the searched asset or keyword 

• All matching documents from the document folder and hyperlinks to them. The POC 

loops through the documents and searches for matches from the text with a VBA macro. 
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An example scenario of a field technician’s decision making process: After reading the fault 

notification, if technicians are not sure about the root cause and the required corrective action, 

they can search for the asset or a keyword they think is relevant to solving the failure. All the 

matching entries from the CMMS and the diary are displayed and can provide information about 

how such faults have been treated before and what kind of events the asset has previously had. 

From the maintenance event history graph, the technicians can quickly see how reported 

maintenance events in the CMMS have distributed over time, if there have recently been 

clusters of events, etc. In case they need further help, they can browse through documents that 

relate to their search. Such documents can be asset related analyses, manuals or diagrams, etc. 

For example, in Figure 17, potential causes and solutions for the rising temperature in the boiler 

unit could be found from the HAZOP (hazard and operability study) document or the user 

manual. The user could also search for “tem erature” to get entries and documents that contain 

that keyword. 

 

The management view (Figure 18) is designed for the maintenance manager to assist in 

equipment replacement decisions. It is an overview of asset costs with an asset search 

functionality and it does not cater to the steps of the corresponding use case process (Figure 14) 

as straightforwardly as the Detailed view did, since the boiler facility data set did not have asset 

life cycle plans or in-depth asset information to help in that process. It was also a design choice 

to make this view more like a reporting dashboard and to not include complete CMMS entries 

and a document search in this view. However, the maintenance manager can always supplement 

information from the Management view with in-depth information from the Detailed view. 
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Figure 18. Management view 

 

What the Management view does: 

• With bar charts, the interface displays how maintenance costs are distributed to different 

equipment groups, sub-processes and individual items. The equipment groups and sub-

processes are all identified from the position code (functional location) the costs were 

allocated to. 

• The interface categorizes the maintenance costs to unavailability and direct maintenance 

costs, and the user can also opt to categorize to corrective and scheduled maintenance 

tasks. 

• A search field, which allows to search for a position code (functional location), item 

name or description text 

• Maintenance work history plotted as an event arrival curve 

• A forecast of future maintenance events, which is based on linear regression of past data 

points. 

• The view calculates average annual maintenance costs as well as forecasted annual 

maintenance costs for the searched asset.  
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The maintenance managers can use the view to get an overview of the facility’s  erformance. 

They can see which equipment cause the most costs and what kind of costs they consist of. In 

Figure 18, they would see that the BU7 boiler unit is the most expensive piece of equipment in 

maintenance and can search for the events of that asset. The interface provides the maintenance 

event history graph, performs predictive data analysis with the red forecast line and calculates 

the annual costs and forecasted costs for the asset. Based on this financial information, 

maintenance managers can make investment decisions.  

 

5.4 Evaluation of the results 

 

The functionalities of the POC were demonstrated in a SEED project meeting with all the major 

stakeholders by roughly going through the processes depicted in Figures 14 and 15 by using the 

POC. The POC was designed to fulfill some of the envisioned features of the “360 degree status 

tool” and “Tacit knowledge and data integration for o erational e cellence” and at the same 

time demonstrate the concept of evidence-based asset management. The POC succeeded in the 

sense that it did make tacit knowledge more accessible than before and integrated data sources 

in a novel way. It also applies the “collaboration of production and maintenance”-philosophies 

of TPM and RCM by integrating their information systems and knowledge. With the proof of 

concept, every employee should understand the importance of information sharing and also has 

a possibility and an easy way to contribute to the exchange of knowledge. 

 

For the evaluation phase of the DSR process, another set of semi-structured interviews were 

arranged to determine what potential users and solution developers think of the proof of 

concept. The original challenges were identified with the interviews at UPM, but a larger group 

of experts was chosen to the evaluation to assess the exploitability of the results more broadly. 

After a brief demonstration of the POC functionalities, a few questions were asked from the 

participants: 
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• What are the strengths of the interface? 

• Could the target processes (fault diagnosis and replacement decision) be performed by 

using only this interface? 

• Does the interface solve the current problems of the target groups (field technicians and 

maintenance managers)? 

• What could be improved? 

• Are there any obstacles to the practical implementation of the interface? 

 

The interviewees were: 

• a researcher from VTT who is not associated with the SEED project, but is an expert of 

the domain 

• two people from Vincit, who represent VincitEAM asset management software. Vincit 

is a SEED partner. 

• total of five people from UPM and Metsä Group, who represented maintenance 

managers and maintenance development personnel. Three of them also took part in the 

earlier interviews about the 360 degree status tool and the next generation diary. 

 

Key results of the evaluation interviews are presented in Table 7. All the interviewees were 

quick to understand the basic principles of the POC and many of them praised the 

understandability and user-friendliness of the interface. Visual elements of the POC and the 

idea of role- and task-based UIs were considered good. The interviewees were also pleased that 

the POC has many needed functionalities that are missing from current systems. 
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Table 7. Key findings from the evaluation interviews 

Strengths 

of the POC 

• The topic is currently important and new innovations like this are needed. 

• The interface is visually pleasing. 

• Combines the most important data sources in a simple and understandable 

way that supports analysis. 

• The maintenance event history graph is great and informative. Current 

systems don’t have such gra hs. 

• The maintenance event forecast is useful. 

What could 

be 

improved 

• Machine learning/AI could improve forecasts and the search function. 

• The search needs to take typographical errors and synonyms into account.  

• It is potentially dangerous to base decisions on such simple forecasts based 

on linear regression. 

• Could use even more visual elements and symbols instead of text. 

• Make documents even more accessible and add more document types, like 

videos. 

• Needs the ability to drill down to details by clicking the maintenance event 

history graph data points. 

• Could focus more on the future instead of the past. 

• Needs to not only show what has happened but also answer why it has 

happened. 

• This information is not sufficient for all situations, so the user needs to see 

more, like condition monitoring systems and spare parts. 

 
A lot of the feedback was positive, but the interviewees also recognized many improvement 

possibilities for future development. Many of them were related to features that were outside 

the scope of this thesis or simply impractical to implement with Excel and within the time frame 

of this thesis. Some of them were impossible due to not having access to the necessary data. 

Interviewees hoped for the system to show especially spare parts and condition monitoring data, 

but they were not part of the dataset given by the SEED project group. However, these 

improvement suggestions could be implemented in future work and real-life applications. The 

usage of artificial intelligence would be especially interesting in improving the forecasts and 

the search results. The forecast curve could use more complex algorithms than linear regression 
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and the search function could use a clustering algorithm to include also similar equipment in 

the results and find similar words (e.g. “heat” and “tem erature”). 

 

The interviewees also commented on the feasibility of this implementation in a real industrial 

setting. The key message was that there are no major technological obstacles in the 

organizations to develop a system like this. They said that databases can be used like this if they 

are brought online, but the speed of the POC is a concern when there are real database 

connections and thousands of rows of data. Quality of the underlying data is another problem 

because entries are usually short, describe the problems poorly or entered to a position code the 

search does not take into account. Data entries can also include slang words that not everyone 

is familiar with and in multilingual companies the entries can be in different languages. Finally, 

some interviewees pointed out that users may find reading documents tedious and pointless if 

the documentation is not made more interesting and approachable. However, every interviewee 

thought that these minor obstacles are solvable with company policies or technological 

solutions. 
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6 CONCLUSIONS 

 

This thesis studied how the process industry could more effectively use the data they have 

gathered to various information systems. The topic and the objective arose from VTT Technical 

Research Centre of Finland and the SEED project which aims to deliver value to the forest 

industry by digitalization. The project group included Finnish research organizations, forest 

industry companies and IT companies. The problems of forest industry companies regarding 

data utilization in maintenance and asset management sparked the idea for this thesis.  

 

6.1 Answers to research questions 

 

The first research question was about looking into possibilities to make evidence-based 

decisions in maintenance and asset management by combining hard and soft data sources: 

 

How can hard data stored in information systems, tacit knowledge and various 

documents be utilized in evidence-based decision making in process industry 

maintenance and asset management? 

 

Evidence-based asset management is a practice that is based on facts instead of unscientific and 

unproven methods. With the combination of state-of-the-art data analysis, tacit knowledge, 

heuristics and other sources of evidence, better decisions can be made. Evidence-based 

decisions are also easier to defend than decisions based on individual opinions. The problem is 

that utilizing all that knowledge has been practically impossible considering the nature of the 

decisions. Strategic, tactical and operational decision making levels were identified in the 

literature review and it showed that daily maintenance tasks consist of mainly operational and 

real-time decisions where the decision maker only has little time to make the decision, e.g. a 

fault diagnosis. Evidence-based asset management can be helpful in these decisions but being 

able to review the evidence means that supporting systems must be lightweight and efficient.  

 

Tactical level asset management decisions were at the highest decision making level covered 

in the thesis. It includes asset replacement investments, where the time available to make the 

decision is longer and the importance of the individual decision bigger. In tactical decisions it 
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is beneficial to have interfaces where you can thoroughly compare outcomes and drill down on 

the data. The literature review showed that in addition to generating a lot of data, Industry 4.0 

enables higher connectivity than ever before, so data can be brought available to all levels of 

decision makers by using centralized data storages. The second research question sought to 

solve the issue with data availability and overwhelmingly confusing information systems: 

 

How to present maintenance and asset information from various sources to the user 

clearly and efficiently? 

 

Descriptive and predictive data analysis is especially useful in forming the overall picture of 

the situation before the decision, and artificial intelligence algorithms can produce outputs that 

save time from the decision maker. In evidence-based asset management, these should be 

combined with other sources of evidence, but in a way that does not confuse the user. Role-

based user interfaces were found to be a good solution to this problem and they also were 

exactly what some users had hoped for. A proof of concept interface was developed, 

demonstrated, and evaluated in this thesis. It proved to be a good system and a step to the right 

direction in maintenance and asset management decision making. It received a lot of good 

feedback from potential users and solution developers and also resulted in discussion on future 

developments and improvement within the SEED project group. The proof of concept will be 

developed further and used as a foundation and a model for new information system 

development. 

 

6.2 Future work 

 

Proper documentation of user experience and expert knowledge helps in articulating and 

explicating tacit knowledge, a form of knowledge that currently appears to be underutilized in 

maintenance and asset management decision making. More attention should be given to tacit 

knowledge utilization. Documentation is a substantial part of the proof of concept interface, but 

it was found to be tough to display and utilize in a practical way. A more convenient and visual 

way to use the information in analyses, life cycle plans, etc. should be found. There also seems 

to be significant improvement possibilities in the information storing practices, since some 

documents are still in paper form or scattered around systems. 
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Another major challenge in developing an interface like the proof of concept is the poor quality 

of data, which was evident in both the interviews and in the used data set. User experience can 

be captured in detailed system entries, but many of the entries in the information systems are 

very vague and provide minimal useful insight for the user of the interface. Quality of data is 

especially important if the user is inexperienced. New, inexperienced employees are also not 

used to the workplace terminology, expressions and abbreviations commonly used in the data 

entries. Therefore, companies need to focus on improving the quality of data in the control room 

diary and CMMS systems by incentivizing employees to make better entries. 

 

The proof of concept interface was only designed to be a desktop application, but in the world 

of today, mobile applications are very popular and important for users. Technologies and 

interfaces of the future, such as mobile, VR and AR, were also a topic in the SEED project and 

the interviews, but not considered in the development of the proof of concept. The desktop 

application could, however, be fairly easily converted into a mobile application, although the 

smaller screen size restricts the capability to see information in a single view. Hence, the design 

would need to be slightly changed for mobile devices. 

 

The POC could be improved in a myriad of ways, for example by adding features and making 

it more dynamic and customizable. There were also technologies, such as machine learning and 

language technologies, that would greatly improve the POC, but were not included in the 

execution. In the future, the SEED project group may investigate possibilities to develop the 

interface further, because there was interest from companies in demonstrating the above 

technologies as well. This thesis identified and described four user groups as personas, but the 

interface only supports two of them, the field maintenance technician and the maintenance 

manager as well as their use case processes. Future work may include modelling the key 

processes of maintenance work planners and maintenance supervisors and making interfaces or 

views for them too. One thing to keep in mind is that the POC may be seen as yet another new 

information system to confuse employees. The interviews showed that this is the case with 

some current systems.  t’s im ortant to introduce software only after careful consideration and 

extensive testing and provide sufficient training for employees before and after the deployment. 

 



57 

 

 

 

REFERENCES  

 

Al-Najjar, B. 2007. The lack of maintenance and not maintenance which costs: A model to 

describe and quantify the impact of vibration- ased maintenance on com any’s  usiness, 

International Journal of Production Economics, Volume 107, Issue 1, pp. 260–273.  

 

Al-Najjar, B. & Kans, M. 2006. A model to identify relevant data for problem tracing and 

maintenance cost-effective decisions: A case study, International Journal of Productivity and 

Performance Management, Volume 55, Issue 8, pp. 616–637.  

 

Alexander, I. & Maiden, N. 2004. Scenarios, stories, use cases: through the systems 

development life-cycle. Chichester, Wiley, 549 p. 

 

Bakar, N. W. A., Musa, S. & Mohamad, A. H. 2020. A mini comparative study of requirements 

modelling diagrams towards swimlane: Evidence of enterprise resource planning system, 

Journal of Physics. Conference Series. Volume 1529, Issue 5. 

 

Brous, P., Janssen, M. & Herder, P. 2016. Coordinating data-driven decision-making in public 

asset management organizations: A quasi-experiment for assessing the impact of data 

governance on asset management decision making, Lecture Notes in Computer Science. 

Volume 9844. pp. 573–583.  

 

Cambridge English Dictionary. n.d. a. Hard data: meaning in the Cambridge English 

Dictionary. Available at: https://dictionary.cambridge.org/dictionary/english/hard-data 

(Accessed: 4 July 2021). 

 

Cambridge English Dictionary. n.d. b. Soft data: meaning in the Cambridge English Dictionary. 

Available at: https://dictionary.cambridge.org/dictionary/english/soft-data (Accessed: 4 July 

2021). 

 

Duffuaa, S. O. & Raouf, A. 2015. Planning and control of maintenance systems modelling and 

analysis, 2nd edition. Springer. 



58 

 

 

 

 

El-Akruti, K. & Dwight, R. 2013. A framework for the engineering asset management system. 

Journal of Quality in Maintenance Engineering. Vol. 19, Issue 4, pp. 398-412. 

 

Ferreira, F., Faria, J., Azevedo, A. & Marques, A. L. 2016. Product lifecycle management 

enabled by industry 4.0 technology. Advances in Transdisciplinary Engineering. Vol. 3, pp. 

349–354. 

 

Hastings, N. A. J. 2015. Physical asset management. 2nd edition. Springer. 540 p. 

 

Heikkilä, J., Ahonen, T, Neejärvi, J. & Ala-Nikkola, J. 2009. Collaborative development of 

maintenance investment management-a case study in pulp and paper industry. Engineering 

Asset Management: Proceedings of the 4th World Congress on Engineering Asset 

Management, WCEAM 2009. Springer, pp. 1–6.  

 

Galán, M. H. 2019. Evidence-based asset management applied to maintenance function control. 

Journal of Quality in Maintenance Engineering, Vol. 25, Issue 4, pp. 635–644.  

 

Hodkiewicz, M., Klüwer, J., Woods, C., Smoker, T. & French, T. 2020. Digitalization and 

reasoning over engineering textual data stored in spreadsheet tables, IFAC-PapersOnLine, Vol. 

53, Issue 3, pp. 239–244. 

 

Holmström, J., Ketokivi, M. & Hameri, A. P. 2009. Bridging practice and theory: A design 

science approach. Decision Sciences, Volume 40, Issue 1, pp. 65–87. 

 

ISO 55000. 2014. Asset management: Overview, principles and terminology. 

 

Juhanko, J., Jurvansuu, M., Ahlqvist, T., Ailisto, H., Alahuhta, P, Collin, J., Halen, M., 

Heikkilä, T., Kortelainen, H., Mäntylä, M., Seppälä, T., Sallinen, M., Simons, M., Tuominen, 

A. & Tuominen, M. 2015. Suomalainen teollinen internet - haasteesta mahdollisuudeksi: 

taustoittava kooste. Etla Raportit, Vol. 42, 66 p. (in Finnish) (Industrial internet transforms 

 inland’s challenges into opportunities: background synthesis) 



59 

 

 

 

 

Junming, Z. & Aihua, Z. 2009. Using EAM to enhance the level of asset management: An 

application case in telecommunications company, International Conference on Management 

and Service Science, September 20 - 22, Beijing, China. 

 

Kans, M. 2008. An approach for determining the requirements of computerised maintenance 

management systems, Computers in Industry, Vol. 59, Issue 1, pp. 32–40. 

 

Kendig, C. E. 2016. What is proof of concept research and how does it generate epistemic and 

ethical categories for future scientific practice? Science and Engineering Ethics, Vol. 22, Issue 

3, pp. 735–753. 

 

Khan, A. & Turowski, K. 2016. A perspective on Industry 4.0: From challenges to opportunities 

in production systems. Proceedings of the International Conference on Internet of Things and 

Big Data (IoTBD 2016), pp. 441-448 

 

Kinnunen, S., Marttonen-Arola, S., Ylä-Kujala, A., Kärri, T., Ahonen, T., Valkokari, P. & 

Baglee, D. 2016. Decision making situations define data requirements in fleet asset 

management. Proceedings of the 10th World Congress on Engineering Asset Management 

(WCEAM 2015). Lecture Notes in Mechanical Engineering. Springer, Cham, pp. 357–364. 

 

Kortelainen, H, Kunttu, S, Valkokari, P, Ahonen, T, Kinnunen, S-K, Ali-Marttila, M, Herala, 

A, Marttonen-Arola, S & Kärri, T. 2015. D2BK data to business knowledge model. Fimecc 

S4Fleet project 3 SP 1 Fl making: Data sources and decision making needs. VTT Technical 

Research Centre of Finland, 29 p. 

 

Kortelainen, H, Kortelainen, J, Pulkkinen, A, Juhola, A, Hemming, B, Kantorovitch, J, 

Heikkilä, E, Ailisto, H & Heilala, J. 2019. Data typology in manufacturing industries. VTT 

Research Report, No. VTT-R-01136-19, VTT Technical Research Centre of Finland, 66 p. 

 



60 

 

 

 

Kortelainen, H, Komonen, K, Laitinen, J, Valkokari, P & Hanski, J. 2021a. 

Tietämysperusteinen elinjakson hallinta. 1st edition, Kunnossapitoyhdistys Promaint ry, 

Helsinki, 240 p. (in Finnish) (Knowledge-based life cycle management) 

 

Kortelainen, H., Rantala, A., Ahonen, T. & Tervo, J. 2021b. Towards evidence-based decision 

making in asset management. 15th WCEAM Proceedings. Lecture Notes in Mechanical 

Engineering. Springer. (in press). 

 

Kortelainen, H., Hanski, J. & Valkokari, P. 2020. Advanced technologies for effective asset 

management - two cases in capital intensive branches. IFAC-PapersOnLine, Vol. 53, Issue 3, 

pp. 7–12.  

 

Kunttu, S., Ahonen, T., Kortelainen, H. & Jantunen, E. 2016. ‘ ata to decision - knowledge-

intensive services for asset owners’, Proceedings of EuroMaintenance 2016. European 

Federation of National Maintenance Societies (EFMNS), pp. 75–83. 

 

Mikkonen, H. 2009. Kuntoon perustuva kunnossapito: käsikirja. 1st edition. Helsinki, KP-

Media, 606 p. (in Finnish) (Condition-based maintenance: a handbook) 

 

Moubray, J. 2001. Reliability-centered maintenance. 2nd edition. New York, Industrial Press, 

426 p. 

 

Neto, A. J. R., Borges, M. M. & Roque, L. 2018. A preliminary study of proof of concept 

practices and their connection with information systems and information science, Proceedings 

of the Sixth International Conference on technological ecosystems for enhancing 

multiculturality, October 24 – 26, pp. 270–275.  

 

Nielsen, L. 2019. Personas - user focused design. Second Edition. Springer, London, 170 p. 

 

Peffers, K., Tuunanen, T., Gengler, C. E., Rossi, M., Hui, W., Virtanen, V. & Bragge, J. 2006. 

The design science research process: A model for producing and presenting information 

systems research. Proceedings of the First International Conference on Design Science 



61 

 

 

 

Research in Information Systems and Technology, February 24-25, Claremont, California, USA 

pp. 83-106 

 

Peffers, K., Tuunanen, T., Rothenberger, M. A. & Chatterjee, S. 2007. A design science 

research methodology for information systems research, Journal of Management Information 

Systems, Vol. 24, Issue 3, pp. 45–77.  

 

Pfeffer, J. & Sutton, R. I. 2006. Evidence-based management, Harvard Business Review, Vol. 

84, Issue 1, pp. 62-74. 

 

Polenghi, A., Roda, I., Macchi, M. & Pozzetti, A. 2019. Conceptual framework for a data model 

to support asset management decision-making process, IFIP Advances in Information and 

Communication Technology. Volume 566, Springer, Cham, pp. 283-290. 

 

Rantala, A., Kortelainen, H. and Ahonen, T. 2021. Turnaround maintenance in process industry: 

challenges and potential solutions, 15th WCEAM Proceedings. Lecture Notes in Mechanical 

Engineering. Springer. (in press) 

 

Rowley, J. 2007. The wisdom hierarchy: representations of the DIKW hierarchy. Journal of 

Information Science, Vol. 33, Issue 2, pp. 163-180. 

 

Seed ecosystem. n.d. Seed – Challenges. Available at: https://seedecosystem.fi/challenges/ 

(Accessed: 4 July 2021). 

 

Sparling, B. 2019. Evidence-based asset management. Transformers Magazine. Vol. 6, Issue 4, 

pp. 106-111 

 

Thompson, E., Zuashkiani, A. & Jardine, A. K. S. 2015. Evidence-based asset management: 

Actionable intelligence in the era of big data. Uptime Magazine. Aug/Sept 15. 

 

Valkokari, K, Valkokari, P, Kortelainen, H & Nyblom, J. 2020. Building business impacts of 

an Industry 4.0 ecosystem through collaborative network settings between IT and forest 



62 

 

 

 

companies, IFIP Advances in Information and Communication Technology, Vol. 598, Springer, 

pp. 463–474.  

 

Valkokari, P., Kunttu, S. & Ahonen, T. 2011. Kunnossapitodata tuottavassa päätöksenteossa, 

Promaint, Vol. 25, Issue 2, pp. 24–27. 

 

Willmott, P. 1994. Total productive maintenance: The western way. Butterworth-Heinemann. 

296 p. 

 

Woodward, D. G. 1997. Life cycle costing - theory, information acquisition and application, 

International Journal of Project Management, Vol. 15, Issue 6, pp. 335–344. 

 

Ylipää, T., Skoogh, A., Bokrantz, J. & Gopalakrishnan, M. 2017. Identification of maintenance 

improvement potential using OEE assessment, International Journal of Productivity and 

Performance Management, Vol. 66, Issue 1, pp. 126–143. 

 

Zuashkiani, A. 2016. Evidence-based asset management. In: Campbell, J. D. and Reyes-

Picknell, J. V. Uptime: Strategies for excellence in maintenance management. 3rd edition. New 

York, CRC Press, Taylor & Francis Group, 489 p. 

 

 

  



Appendix 1. Responding to a fault notification 

 

 

 

 

                                  

                                      

 
 
   

 
   

 
 

 
 
      

   
 

 
 
   

 
  

 
 

 
 

 
 
  

 
 
  

   
  

 
  

 
 
    

 
 
 

  
  

 
   

 

    
 
   

 
  

 
  

 
 
  

 
 

 
 
  

   
   

 
  

 
  

 
 
  

 
 

 
 
 
   

   
 
  

 
 

 
 

 
 
  

 
 
  

   
   

   
  

 
 
  

     
 
 
  

 
  

  
 
 
 
  

 
 
    

  

 
 
 
   

  
 
 
    

 
 
  

  
  

  
 
   

 
    

 
   

 
 

 
 
  

 
 
 
    

 
 
    

  

 
 
 
 
  
 

 
  

   
  

 
   

 
  
 
 
 
   

 
 
 
 
  

 
 
 
  

   
     

 
   

 
 
 
   

 
  

  
 
   

 
 
   

     
 
   

 
 
 
   

 
  

  
 
    

   
 
   

 
 

 
 
  

 
 
 
  

 
 
   

  
   

 
 

 
 
  

  
 
 
 
  

 
  

  

 
 
 
   

  
  
     

  
  

   
 
  

  
  

  
 
   

 

 
  

 
   

 
  

   
   

 
 
   

 
 
 
 
     

 
   

  
 

  
  

 
 

 
 
  

  
   

 
  

 
  

 
 
  

 
 

 
 
  

   
   

   
  

 
 
 
      

    
 

 
 
 
 
   

 
 
 
  
  

 
  

  
 
 
  

 

 
  

  
 
    

 
  

   
 
  
 

 
  
  

 
 

 
 

 
 
  

 
 
 
  

 
 
  

 
 
  

 
 
      

  
   

 

 
 

  
 

  
 

 
 


