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ABSTRACT 
Canon Production Printing developed a maintenance scheduling tool that gives an overview of the 
maintenance actions that need to be executed. Besides the mathematical and technical aspects where the 
maintenance domain mainly focuses on, it is of great value to research if the intended maintenance strategy 
is executed. This research focuses on the interaction of human decision makers with the tool. The 
scheduling process is researched as well as how the tool is used in this process. Essentially, the tool is 
suitable for its role in the process. However, when challenges and problems occur, the tool lacks enough 
support. At the same time, the use of the tool requires much mental effort to retrieve the necessary 
information. The tool is a black box where it is essential that the users can trust the output. Current 
malfunctions lead to a decrease in trust and the users miss the transparency of the tool to regain that trust. 
There is not enough attention for feedback from the users and continuous improvement of the tool. In 
order to regain this trust and to enable for extension of the use of the tool, CPP must develop an 
implementation strategy and keep focusing on the continuous improvement with a feedback loop of the 
tool. Redesign of the SLA’s is necessary to record part of this control. At the same time, the users of the 
tool need to receive more support in their decision making. The field of maintenance is not well suited for 
clear feedback, but the users can be better guided about the possible consequences of their actions. 
Execution of an experiment on the guidance of human decision makers shows that the best way to guide 
them is with a recommendation. The advice to CPP is to add a recommendation about the possible 
consequences of scheduling the maintenance action in a certain week.  
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EXECUTIVE SUMMARY 
At Canon Production Printing (CPP), the focus of improving maintenance has been on determining the 
optimal maintenance strategy. CPP developed a maintenance roadmap from corrective maintenance on to 
proactive maintenance. For the implementation of a combination of the maintenance strategies, the 
maintenance scheduling tool was designed and implemented for the VPi300 printer for the National Service 
Organizations (NSO’s) Canon Netherlands (CNL) and Canon Solutions America (CSA).  

Problem statement 
The maintenance scheduling tool is used to support planners and technicians with planning maintenance 
visits and it supports in combining maintenance actions. CPP wants to expand the use of the tool to more 
countries and more printers. The presumption prevails that not all maintenance actions that are imposed 
by the system are executed as planned. Implementation of the maintenance scheduling tool needs to 
regain some of the control of the maintenance actions for CPP. Since the acquisition by Canon Inc., CPP 
faces difficult challenges in terms of the responsibility of the maintenance actions. Even though CPP is 
ultimately responsible for the functioning of the printers, it does not have complete control over this. Thus, 
CPP introduces a tool, is not sure how (well) it is used, is unsure whether the tool achieves it goals, but still 
wants to expand the use. This leads to the following main research question: 

How is the maintenances scheduling tool used within the maintenance scheduling process and 
how can the tool and its interaction with the human decision makers be further improved? 

The design science research method is used in order to improve the maintenance scheduling tool. The 
design science research utilizes knowledge that is gained to solve problems and improve the existing 
solution (the maintenance scheduling tool), and at the same time generates new knowledge and theoretical 
explanations. The theory that is developed focuses on providing guidance in decision making in the field of 
maintenance. The current process in which the tool operates in is researched, after which the focus shifts 
towards the tool. Objective and subjective data is used to investigate how well the tool provides support in 
the maintenance scheduling process. Hereafter, it is researched why and how the users deviate from the 
advice of the tool. The last research question focuses on how the users can be guided optimally in the 
decision making process, using the maintenance scheduling tool.  

Results 
CPP must work with a lot of different organizations and cultures and the maintenance scheduling processes 
also differ per NSO. A part of the NSO’s works with planners and Field Service Specialists, other NSO’s work 
with district managers. The tool gives an overview of the maintenance actions per printer that need to be 
executed and the NSO’s need to ensure that these actions are carried out by Field Service Technicians. CPP 
faces the (financial) consequences of the failures of the printer, even if the RSHQ’s, the NSO’s or the 
customers are to blame. This is due to the Service Level Agreements that CPP has established with its 
customers. If the maintenance that is scheduled in the tool is not carried out and this leads to a failure, CPP 
must pay for the costs. This means that CPP benefits if the maintenance actions that are proposed by the 
scheduling tool are executed. Knowing how the users use the tool and the acceptance of the tool is 
therefore essential in further development of the tool. 
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The objective data shows that the tool is used differently within the different NSO’s. This can partly be 
explained by the different type of users (planners, FSS’s and district managers). However, the users from 
CSA are less likely to execute the maintenance actions in time. It seems like CSA feels less urgency to 
execute these maintenance actions as planned by the tool. The lack of data made the analysis of the actual 
usage of the tool and the corresponding consequences difficult. When it could have been demonstrated 
that not executing the scheduled maintenance actions in time leads to failure of the printers, we would 
have had a much stronger case. However, the analysis that is made gave enough reason for further 
investigation of how the tool supports the humans in their decision making process.  

Subjective data shows that the users from CNL are in general positive about the tool and accept the use of 
the tool. Four external variables are chosen to determine the usage behavior of the tool: Perceptions of 
external control, subjective norm, output quality and task technology fit. These constructs influence the 
perceived ease of use and the perceived usefulness of the tool, which influence the behavioral intention 
and the actual usage. Because the maintenance scheduling tool is already in use, the aim is to determine if 
the tool supports the users well enough in the tasks that they must execute and how the users perceive 
the tool. The Technology Acceptance Model shows a positive attitude of the users towards the tool. In 
general, the tool supports the users sufficiently in their decision making. However, recent developments 
lead to a reduction in trust in the tool. A lack of transparency and information, and the limited guidance 
that the users receive make it more difficult for the users to trust the tool. Consequently, the users feel a 
reduction in support of the tool in their decision making process.  

Because of the uncertainty in the field of maintenance, users still add value in the process of maintenance 
scheduling. This leads to the fact that it often happens that the maintenance action is not executed in the 
initial week that it is scheduled by the tool. The users need to reschedule the maintenance action because 
of customer availability, FST availability or spare part availability, in order of how often those occur. In 
addition, the user might find the action currently not urgent enough. For UBM actions, both CSA and CNL 
prefer to schedule the maintenance action one week earlier than one week later. However, some 
maintenance actions are still active in the tool for weeks after their initial week and thus this indicates that 
the users sometimes deviate largely from the advice. These deviations are larger for CSA than for CNL. For 
CBM actions, it is more challenging to follow the advice of the tool since the maintenance action must be 
scheduled on such a short term. Most actions of CNL are executed in the same week that the trigger occurs 
or a week after that. CSA deviates a lot more from the advice and the triggers remain active for a much 
longer period. There is no reason that CSA needs to deviate more from the advice of the tool but the high 
demand from the market and the reorganization might cause a delay in the execution of maintenance. 
Users from CNL do indicate that especially for a few maintenance actions, the algorithm is accurate and 
that neglecting the advice of the tool to maintain can lead to an immediate failure of the part. This means 
the users must always consider this trade-off before they deviate from the advice of the tool. Printer 
specific scheduling tolerances can give the users a better idea of the margin they have in scheduling. In 
addition, the users can use more guidance in their decision making to enable for better decision making. In 
the field of forecasting, literature shows that a combination of an unequivocal recommendation and 
forecast information is overall the best form of guidance. An experiment is executed to test what form of 
guidance works best in the field of maintenance.  
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This experiment focuses on comparing the effectiveness of guiding human decision maker in their decisions 
in the field of maintenance. This experiment is executed on Amazon MTurk where the participants are 
divided in four different treatment groups that all receive a different form of guidance: information, a 
recommendation, both information and a recommendation or no guidance at all (the control group). For 
the information group, the failure probability and the customer availability both are converted to costs. 
The expectation was that users who receive both a recommendation and all the information (costs), are 
more likely to follow the advice of the tool: the costs gives them the necessary information while the 
recommendation ensures that the optimal ex-ante decision is noticed by the users. The experiment shows 
that only giving a recommendation as guidance leads to more optimal decision making by the participants. 
The group that received information or both information and a recommendation did not score better than 
the group that did not receive any guidance at all. The compliance with the guidance does not differ 
significantly throughout the different scheduling options nor have the participants the tendency to 
schedule the actions always at a specific moment.  

Especially when the users are recommended to reschedules the maintenance action (regardless of whether 
this is to an earlier or later moment), the participants followed this recommendation. This holds for the 
recommendation group as well as the control group. Both these groups did not receive the costs regarding 
the expected loss of goodwill. It could be that the participants overestimated this loss of goodwill. Since 
scheduling in the initial week always results in a loss of goodwill, this might explain why this option is less 
preferred.  

Recommendations and further research 
The following recommendations are made for CPP in order to improve the maintenance scheduling 
process: 

1. Add a recommendation about the possible consequences of the decision in the maintenance 
scheduling tool 

2. Use a top-down approach for the implementation of the maintenances scheduling tools in the NSO’s  
3. Standardize a feedback loop for the users of the maintenance scheduling tool in order to enable 

continuous improvement 
4. Redesign the SLA’s that are agreed upon with customers for new customers 

Suggestions for further research are: 

1. Research the effect of the multiple conditions that can influence the human decision maker in the 
maintenance decision 

2. Determine the preferred level of control over the maintenance actions and how this relates to the 
maintenance roadmap 

3. Analyze the requirements of ORS to reach this level of control and the integration of the 
maintenance scheduling tool within ORS 

4. Use machine learning for adaptive decision processes 
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1 INTRODUCTION 
This report is the result of research on human interaction with decision support systems (DSS) in the 
maintenance domain. The project is carried out at Canon Production Printing within the service and support 
department that is located at the headquarters in Venlo (HQ). The master thesis is part of the master 
Operations Management & Logistics at the Eindhoven University of Technology. 

Section 1.1 introduces Canon Production Printing (CPP) and its mother company Canon Inc. Section 1.2 
describes the problem statement: the current maintenance orientation at CPP is explained, as well as an 
introduction on how the maintenance is conducted and how the maintenance scheduling tool is used in 
order to support this process. Section 1.3 shows the focus of this research and the corresponding objective. 
Section 1.4 describes the methodology that is used for the research after which Section 1.5 shows the 
design of the research. Finally, Section 1.6 contains the outline of the rest of the report.  

1.1 CANON PRODUCTION PRINTING 
Canon Production Printing (previously known as Canon Group Company Océ) is founded in 1877 by 
Lodewijk van Grinten as a production of butter coloring company. Because its ability in establishing 
blueprint material, the company entered the copier market around the start of the 20th century. In 2018, 
the revenue of the company was €1.24 billion. Canon Production Printing has approximately three 
thousand employees in five different sites around the world: The Netherlands, Germany, Romania, 
Singapore, and Australia. Canon Production Printing is one of the top ten research and development 
investors in the Netherlands. 

Canon Production Printing develops and manufactures high-tech printing products and workflow software 
for the commercial printing market. Canon Production Printing focuses on the way people communicate 
and work. Its key asset is inkjet, an imaging technology that is widely applicable. They have three different 
types of product categories: continuous feed, cut sheet and large format. With large investments in 
research and development, the company aims to be continuously developing and manufacturing high-tech 
products. The goal is to create exceptional technologies, products and service in printing and workflow 
management.  

In 2010, the company is acquired by Canon Inc., global leader in consumer and professional imaging. Canon 
itself has a large range of high-speed inkjet production printers where the focus is not only on the sale of 
the product but also support, service and business developments. The company follows Canon’s philosophy 
of Kyosei: contributing to a harmonious society while using its knowledge for the common good.  

1.2 PROBLEM SITUATION 

1.2.1 MAINTENANCE ORIENTATION 
CPP is working on transforming its maintenance orientation from corrective to proactive. This is because 
their products are becoming more expensive capital goods. At the same time, the need from the customer 
is now more focused on higher quality, less downtime and higher availability of the system. This results in 
the introduction of Service Level Agreements (SLAs), where Canon provides maintenance to the customer 
based on a predefined contract. The specifics of these contracts differ per customer, but they are mainly 
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about the uptime of the machine, the volume that is printed, and the maintenance that is performed. The 
volume printed is based on the ‘number of clicks’, where one click is the equivalent of a one-sided A4 print. 
The customer pays their maintenance based on the number of clicks that they have used. By keeping the 
maintenance costs as low as possible, CPP can make a profit from the SLA’s and deliver the demanded 
performance to the customer.  

In 2015, CPP introduced the VarioPrint i300 (VPi300) to the market. The printer is a high-speed inkjet printer 
that uses productive versatility to generate profitable applications. It uses an innovative drying system so 
that it can reach a speed up to three hundred A4 papers per minute. The printer was designed in a way 
that much data could be collected, and that faster and easier maintenance was possible. It was designed 
using an agile design approach and every batch of ten VPi300 printers, a new version of the printer is 
released. In the first few years after the launch of the printer, data is collected that could be used to improve 
the maintenance policy. Various projects have taken place focusing on the maintenance policy and 
currently data is still collected for continuous improvements. 

1.2.2 EXECUTION OF MAINTENANCE 
Common maintenance activities can be performed by operators of the machine itself. More specialized 
activities are executed via the worldwide network of Canon Inc. The organizations that are in direct contact 
with CPP are the Regional Sales Head Quarters (RSHQs). Each headquarters oversees operations of the 
National Service Organizations (NSO), and the NSOs in their turn oversee the individual countries around 
the world. The only exception here is North America; CPP is in direct contact with the NSO of North America, 
while there is also a RSHQ for the whole United States. Regional Sales Headquarters are in Europe, United 
States, Australia, Japan, Singapore, China, Korea, Middle East and Africa.  

 
FIGURE 1 - SERVICE NETWORK STRUCTURE 

Currently, CPP is combining multiple maintenance strategies for its printers. In order to enable clear 
communication, there was a need for an integrated platform that gives a clear overview of the maintenance 
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actions that need to be performed. This tool is designed in 2018 and is called the ‘Maintenance Scheduler’. 
The maintenance scheduling tool is used to help planners and technicians in planning maintenance visits 
and to help in combining maintenance actions. The main function of the tool is to see when maintenance 
should be performed on one of the printers. 

1.2.3 MAINTENANCE SCHEDULING TOOL 
The tool is used by planners in the office, technicians in the field, or a combination of both. The type of user 
of the system depends on the country of the customer. This tool is incorporated in the On Remote Service 
(ORS) tool of CPP. Several changes have been made with respect to the pilot version from 2018 where the 
change of the algorithm is the most remarkable one. The pilot version of the tool uses individual component 
lifetimes estimations and combines them so they can be used for multi-component machines (Ramos 
Gaete, 2018) while the new tool uses a greedy algorithm. The tool uses data that is gathered from the 
machines and this data is updated once a week and after each visit. The tool proposes a maintenance plan 
for the printer and the human planners can adjust the planning and lock certain tasks to prevent them from 
getting rescheduled by the algorithm. This means that the system can predict a failure for a machine and 
impose to replace or maintain that part, but the final decision is still made by the planner or technician to 
make the replacement or not. This is also because this system is a decision support systems and not systems 
that really makes the decision. The human decision maker thus plays an important role in the process.  

The presumption prevails that not all maintenance actions that are imposed by the system are executed as 
planned. When a maintenance action is not executed and this results in failure of the machine, CPP 
undergoes the financial consequences because of the type of contract (SLAs) as explained in Section 1.2.1. 
The necessity of improvement of the maintenance scheduling tool has multiple other reasons. The tool is 
currently only used in the United States and in the Netherlands. CPP is aiming to expand the number of 
countries that use the tool. Besides that, the aim is also that the tool is used for the other printers of CPP, 
including their newest printer: the VarioPrint iX series. However, CPP is unaware how the tool is used and 
if the tool contributes to the maintenance goals of the CPP. 

1.3 RESEARCH OBJECTIVE 
This research focuses on the process of the scheduling of maintenance actions and how CPP can achieve 
that these maintenance activities are executed at the right time. Figure 2 shows the position of this research 
in the maintenance process.  

 
FIGURE 2 - RESEARCH FOCUS 



4 
 

Literature shows that the human decision maker adds value in the decision making process and thus should 
be present in the process (Kloosterman, 2020). Logical situations where the human decision maker adds 
value can for example be the extra knowledge that they have on the planning of the engineers who need 
to execute the maintenance. This does not mean that the human decision maker always adds value to the 
process. It can be that the human decision maker overrules the DSS and that this action does not lead to a 
better outcome. To get more insight in which situations the human decision maker adds value and when 
the decision should be taken by the DSS only, it is valuable to know the quality of the maintenance schedule 
that is the output of the maintenance scheduling process. However, together with the employees of the 
Service & Support department of CPP, we conclude that it is almost impossible to measure how good the 
timing of maintenance actions was and state something significant about it. This is the case because the 
algorithm cannot precisely predict when a part would fail and thus it makes it impossible to state how good 
the timing of the maintenance action was. Besides that, the necessary data is missing at CPP to see if a part 
is replaced correctively when it should have been replaced preventively. How well the timing of the 
maintenance action is for the customer is beyond the scope of this research.  

The available data leaves some options for analysis that is used to at least get an idea about how good the 
timing was. However, this is not enough to measure exactly when the human decision maker adds value 
and when (s)he does not. The goal of this research remains to improve the maintenance scheduling tool, 
but the focus is on the interaction of the human decision makers with the tool and how one can influence 
this interaction. The goal is formulated as follows: 

Analyzing and further improve the use of the maintenance scheduling tool and its interaction with humans 
within the maintenance scheduling process 

The research focuses on how the maintenance scheduling tool can be designed in such a way that its users 
are most likely to follow the advice of the tool. In order to be able to ensure that the maintenance 
scheduling tool is improved, this must be substantiated by theory. On the other hand, one should 
investigate the situations where the human decision maker should overrule the system and thus creates 
extra value. The goal of this research is twofold: First, to generate knowledge on human interaction with 
decision support systems in maintenance and, second, to apply this knowledge for the improvement of the 
maintenance scheduling tool and the process of scheduling.  

1.4 METHODOLOGY 
The method that is applied in performing the research is the design science research method. Design 
Science Research is a methodological approach to solve real world problems, but also have a scientific 
contribution. Design science research in the information systems domain focuses on the design of the 
artifact with a priority on the relevance of it in the application domain (Hevner, March, Park, & Ram, 2004). 
The method has proven to be a suitable research approach when organizations and researchers work 
collaboratively together. The approach focuses on problem solving and has two critical success factors: 
rigor and relevance. The design science research considers how relevant the research is for the organization 
and considers the rigor of the research to ensure the research is valid and reliable (Dresch, Lacerda, & 
Antunes, 2015). The environment that the research is operating in is shown in Figure 3. 
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FIGURE 3 – RIGOR AND RELEVANCE IN DESIGN SCIENCE RESEARCH (DRESCH, LACERDA, & ANTUNES, 2015)  

The environment in which the research takes place is the environment in which the maintenance 
scheduling tool operates. The people that use the tool are researched, as well as the organization that the 
tool is active in: CPP in the larger Canon organization. The environment analysis is completed with an 
analysis on the technology that is used and how this is organized within the environment.  

The research focuses on both the development/building of a theory and an artifact. It is difficult to 
determine if the maintenance scheduling tool is improved and thus a better situation is created. For that 
reason, the approach is chosen to (also) have a theoretical foundation for the improvement of the tool. 
The artifact that is (re)designed in this study is the maintenance scheduling tool. The tool is evaluated by 
research that is done amongst its users. The knowledge that is gathered is used to refine the tool. 
Recommendations for improvement on the maintenance scheduling tool are the applications of the 
learned theory in the organization. At the same time, a theory is developed on judgmental maintenance 
optimization. No theory on this specific topic exists.  

The foundations for the development are the existing theories that exists on judgmental forecast 
optimization and information framing. The theory is evaluated with an experiment that is executed. The 
theory that is developed is the contribution to the knowledge base and at the same time thus help to refine 
the artifact. Data analysis methods are used in analyzing the current tool and finding point for 
improvement. Both the artifact and the theory go through a whole round of evaluation and refinement, 
supported by the environment and knowledge base. 
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1.5 RESEARCH DESIGN 
Based on the problem description and the research goal that is formulated in Section 1.3, the following 
main question is defined: 

How do the human decision makers use the maintenance scheduling tool within the maintenance 
scheduling process and how can this be further improved? 

To answer this main question, several research questions are formulated: 

1) What does the current process of scheduling maintenance activities look like? 
2) How do the human decision makers use the maintenance scheduling tool in order to support the 

decision making process? 
3) How often, why and how do the users deviate from the advice of the decision support system? 
4) What is the best way to guide human decision makers in their interaction with maintenance decision 

support systems? 

The first three questions focus on the current situation at CPP and the use of the tool. Research Question 
1 looks at the process of scheduling of maintenance activities to get more insight in the environment that 
the tool is operating in. The second Research Question focuses on the actual use of the tool and investigates 
the possible other reasons that could lead to a worse interaction with the tool. The third Research Question 
focuses on bridging the gap between what the tool should be able to do and what it can do. It focuses on 
reasons to deviate from the advice of the tool and evaluates these reasons to see the additional values of 
the human decision makers. Finally, Research Question 4 focuses on a theoretical base for the 
improvement of the maintenance scheduling tool. It researches the consequences of the guidance that is 
received for the action that the human decision maker takes. The results show how one can enlarge the 
chance that the human decision maker chooses the action that is proposed by the maintenance scheduling 
tool as a decision support system. The methodology per research question is explained in the 
corresponding chapters.  

1.5.1 SCOPE 
Because of the limited time span of the master thesis, an accurate scope is needed to answer the research 
question. The aim of the research is to improve the scheduling process of maintenance activities of CPP. 
The focus is on how the users use the maintenance tool and especially how they, as decision makers, 
interact with the tool. The project focuses on the complete scheduling process and the human involvement. 
The project is not about the algorithm of the tool since CPP has done a lot of research in this area. After 
years of research, CPP believes that they have the best possible algorithm. As can be seen in Figure 2, the 
actual execution of the maintenance action and the corresponding quality of the execution of this execution 
is out of scope.  

Furthermore, the maintenance scheduler only focuses on preventive maintenance actions and thus the 
focus is on preventive maintenance actions. Both usage based and condition based maintenance are 
considered. It can be that there is a need for corrective maintenance actions, and the tool can be used to 
see if additional preventive maintenance is needed. These cases are both considered. The focus is on the 
NSO’s from the Netherlands and from the United States and concerns the VPi300 printer. However, the 
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focus is also on enlarging the number of users of the tool and the different type of printers, so this is also 
considered.  

1.6 THESIS OUTLINE 
The remainder of this report is structured as follows: Chapter 2 provides the maintenance scheduling 
process for the users of the maintenance scheduling tool. It elaborates the process of scheduling a 
maintenance action, introducing the tool with its functionalities and its users. Subsequently, Chapter 3 
focuses on the decision making process. It considers the different type of maintenance actions and uses 
the Technology Acceptance Model to see how the decision makers are supported by the tool. Chapter 4 
goes into the deviations from the advice of the tool. It focuses not only on how often this occurs, but also 
on why this happens and what the possible consequences are. Chapter 5 presents an experiment to find 
out what guidance human decision makers need in order to make the optimal maintenance scheduling 
decisions. Lastly, Chapter 6 contains the conclusions of this theses, as well as recommendations for CPP 
and suggestions for further research.  
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2 THE MAINTENANCE SCHEDULING PROCESS 
This chapter aims at answering the first research question: “What does the current process of scheduling 
maintenance activities look like?”. In order to answer this question, the maintenance strategy of CPP and 
how this strategy is applied in practice is investigated. The service and support department of the HQ of 
CPP in Venlo is responsible for the maintenance that is conducted on the printers. The goal for CPP is to 
achieve the highest possible uptime of the machine (for customer satisfaction) against the lowest possible 
cost (for company profit). In order to achieve this goal, CPP uses an approach that combines different 
maintenance strategies that are mentioned in Section 2.1.  

Section 2.2 shows the maintenance scheduling process as it currently is at CPP. It gives an overview of the 
scheduling process in which the maintenance scheduling tool is active. The maintenance scheduling tool is 
the platform that integrates the different strategies to get an overview of the maintenance that needs to 
be carried out. Section 2.3 explains more of the maintenance scheduling tool and Section 2.4 focuses on 
the different users of the tool that have different processes. In this section, the difference between the 
type of maintenance strategies are also made clear.  

All processes as described in this chapter are validated by the Service Product Specialist from Canon 
Production Printing. The process for the regular preventive maintenance actions and for the condition 
based maintenance actions are validated by a planner and a Field Service Specialist from Canon Netherlands 
(CNL), respectively. The overall process of executing maintenance is also validated by a software engineer 
from CPP. 

2.1 MAINTENANCE STRATEGIES 
CPP uses different types of maintenance strategies in order to create one optimal maintenance policy for 
its printers. The different maintenance strategies are described below (Arts, 2017): 

• Modificative maintenance is when a part is replaced with a technically more advanced part in order 
to make the equipment perform better: this does not happen often and is mostly non-recurring.  

• Breakdown corrective maintenance works via a break and fix principle. Whenever a part breaks, 
the service department acts like a fire department and replaces the part as fast as possible to 
reduce downtime.  

• Preventive maintenance aims to replace a part before it breaks. The extra benefit from this strategy 
is that maintenance can be planned. Two types of preventive maintenance can be distinguished:  
o Usage based maintenance (UBM) keeps track of the total usage of a part. When a threshold 

level is researched, maintenance is conducted. Usage can be measured in e.g. hours used, 
time in the field (age based maintenance) or in the main function of the equipment 
(kilometers for a car, sheets printed for a printer, etc.). One can distinguish two types of 
replacement: 

 Block replacement: When multiple parts are changed simultaneously 
 Component replacement: When only one component is changed 
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o Condition based maintenance (CBM) is where the actual condition of a part is measured. 
When the condition of a part is below threshold, this part is maintained. Monitoring can be 
done in two ways: continuously (condition monitoring) or periodically (periodic inspections) 

The biggest trade off is maximally utilizing of the useful lifetime of a part but at the same time being able 
to schedule the maintenance actions. The plannability of preventive maintenance is a huge advantage that 
is usually underestimated. Algorithms and human trade-offs are used to schedule maintenance.  

CPP chooses to use a hybrid form of maintenance where they use different type of strategies in order to 
conduct maintenance in the best way possible and thus uses all three types of maintenance strategies. 
Since modificative maintenance is non-recurring this is not considered in the process description. The tool 
only shows preventive maintenance, but the tool is also used in cases of corrective maintenance. If the 
expected lifetime of a part is longer than the expected lifetime of the printer, it is not suitable for preventive 
maintenance and a part is replaced when they fail, thus corrective maintenance. For other parts, it is 
determined if their maintenance strategy is usage based or condition based. Usage of a part can be 
measured in calendar time or the number of clicks. One click is a measurement that is used by CPP and is 
the equivalent of a one-sided A4 print. 

2.2 OVERVIEW OF THE PROCESS 
Before the acquisition of Canon Inc., CPP executed parts of the maintenance itself or was in direct contact 
with its service providers. The acquisition by Canon Inc. changed a lot in the organization. CPP lost the 
control over the maintenance process because it is now executed via the RSHQ’s and NSO’s. The 
maintenance scheduling tool is a way of working in which CPP regains some control over the maintenance 
scheduling process. 

There are two kind of triggers to start the maintenance process: an automatic trigger for preventive 
maintenance or a call from the customer for corrective maintenance. For preventive maintenance actions, 
the automatic trigger can be a CBM task (when the condition of a part falls below a certain threshold) or a 
UBM task (when a part is used more than a certain threshold). The automatic triggers are visible in the 
maintenance scheduling tool and can be seen in Figure 4. UBM tasks are the regular tasks with a grey color 
while CBM actions are indicated by a yellow color.  
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FIGURE 4 - THE MAINTENANCE SCHEDULING TOOL 

CBM tasks are shown in the current week and UBM tasks are shown in the week that the action needs to 
be executed. CBM tasks are executed preferably in the same week as they are triggered and at latest the 
week after. UBM tasks are executed preferably in the week that the scheduling tool has scheduled the task. 
There is a scheduling tolerance for if the maintenance activity cannot be executed in the preferred week, 
this tolerance differs per task but is always in weeks. This tolerance is also used by the tool in order to 
combine maintenance actions. More information about the scheduling tolerance can be found in Section 
3.2.1. The process of both corrective and preventive maintenance actions can be found in Figure 5. 
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FIGURE 5 - MAINTENANCE SCHEDULING PROCESS 

A corrective maintenance visit is triggered by a call from the customer. As shown in Section 1.2.2, CPP is 
not in direct contact with its customers. When a part breaks, the customer calls the service provider. 
Although this service provider is often part of the Canon Inc. organization, it is not from CPP itself. The 
process differs with the different NSO’s. A part of the NSO’s have a separate planner and a Field Service 
Specialist (FSS), other NSO’s have a district manager who combines the jobs of the planner and of the FSS. 
The process is explained for NSO’s with both a planner and an FSS to clarify the different jobs. For other 
NSO’s, these tasks are combined and performed by one person per district. 

If a problem can be resolved by phone, this is done. If this is not possible, the problem is being forwarded 
to the specialist. A screening via phone is performed to retrieve more information about the problem. The 
action and the corresponding information are forwarded to the planner, who has the option to combine 
this visit, that is initially meant for corrective maintenance, with a scheduled preventive maintenance 
action. In practice, the planner lets the Field Service Technician (FST) know which actions are scheduled so 
that the FST can decide about the necessity of the preventive maintenance action and execute this when 
it is desired. The corrective maintenance visit takes place as soon as possible to minimize the down time of 
the machine.  
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If it is a CBM task, the specialist decides if a visit is necessary before the action is forwarded to the planners. 
This is a form of judgmental maintenance prognostics where the specialist makes a prognosis on the 
condition of the part and decides when the maintenance action needs to be executed. The scheduling tool 
and the On Remote Service tool store the required information that support the specialist in its decision. If 
the action is necessary, the planner dispatches the action(s) to one of the FSTs who executes the 
maintenance action. If it is a UBM task, the intermediate step of the specialist is skipped and the planner 
can immediately dispatch.  

2.3 THE MAINTENANCE SCHEDULING TOOL 
The maintenance scheduling tool is designed to get an overview of all proactive maintenance and to enable 
management of these tasks. The parts of the printer are divided in parts that are suitable for preventive 
maintenance and those who are not suitable. If preventive maintenance is suitable, the type of 
maintenance and the thresholds are determined via research. The maintenance scheduling tool is the 
platform that integrates the maintenance actions to ensure a smooth process of maintenance. The only 
exception is corrective maintenance actions: this is executed when a part fails, and immediate action is 
necessary and is thus not visible in the maintenance scheduling tool. 

2.3.1 OBJECTIVE 
The objective of the maintenance scheduling tool is to minimize the number of maintenance visits, but also 
to prevent a printer from failure. The algorithm calculates when the part is expected to reach 100% of its 
lifetime. For every maintenance action, it is determined when this action would take place in an optimal 
situation. Every maintenance action has a scheduling tolerance, which is defined in weeks. Whenever it is 
possible to combine the maintenance action with another maintenance action within the scheduling 
tolerance of both tasks, this is done. A maintenance action is considered by the algorithm when its optimal 
week is maximally eight weeks ahead. The maintenance scheduling tool uses a greedy algorithm, which is 
a relatively simple algorithm that looks at the local optimum at each stage in order to find the global 
optimum. UBM and CBM tasks can be distinguished by color. CBM tasks have a yellow color in the scheduler 
when there is one trigger active for the machine and in red when there are two or more active triggers. 
UBM tasks are always grey.  

2.3.2 CONSTRAINTS 
All maintenance actions are limited to a maximum of eight hours per week. This is decided because it is not 
desirable to visit the customer for more than one working day per week. A way to go around this constraint 
is to send two FSTs to the customer. The user of the tool can then add the maintenance action to the 
planning and violate this constraint. However, it cannot indicate that multiple FSTs work on the 
maintenance actions. 

Per type of machine (printer), it is determined which tasks belong together and are preferably executed 
together. The only reason the tool does not schedule these tasks together is when the eight-hour time 
constraint is already reached for the week. An example is the 20 million maintenance package. This package 
consists of eight subtasks and is always preferably be executed as a whole package. In practice, this group 
of maintenance activities is always be executed at once.  
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2.3.3 USE OF THE TOOL 
The scheduling tool is active at two locations in the main tool (ORS): on fleet level and on machine level. 
Figure 4 shows the interface of the scheduling tool on fleet level. The planner and specialist have access to 
the tool on fleet level, the FST can only see the maintenance actions per machine. Rescheduling and locking 
of actions are only available on fleet level. It is possible to select a group of machines for an overview on 
fleet level. Machines that have no maintenance planned in the upcoming six weeks are not shown. The 
scheduling tool shows the last received data log input per machine, options to (un)lock an action, to 
reschedule a maintenance action, to create a dump in excel and to recalculate the plan. 

2.4 USERS 
Who the users of the tool are depend on how the maintenance is arranged in the NSO. However, all the 
NSO’s have FSTs who execute the maintenance actions. These FSTs only have access to the tool on machine 
level, which means they cannot make changes in the planning. They can see what actions are scheduled 
and take that into account whenever they visit a customer.  

When there is a trigger for a maintenance action, the action still needs to be scheduled before it can be 
executed. This is the job of the planner or the district manager. For all regular preventive maintenance 
actions, the planner can schedule them in consultation with the customer. For the CBM task, the specialist 
first must decide if the maintenance action is necessary to perform. The process of the FSS is explained in 
Section 2.4.1, the process of the planner in Section 2.4.2. Section 2.4.3 explains the situation for NSO’s with 
district managers and explains the differences with the NSO’s with planners and FSSs. 

2.4.1 FIELD SERVICE SPECIALIST 
The Field Service Specialist (FSS) is responsible for all the CBM tasks. Whenever the condition of a part is 
worse than a certain threshold, action needs to be undertaken. As explained before, CBM tasks can be 
distinguished by color in the scheduler but also by the name of the action. Figure 6 shows what the process 
for the FSS looks like.  

These CBM tasks are first checked before it is decided if they must be executed. This means that the FSS 
looks at the condition of the part. The FSS can do this via the graph that can be found in the scheduling tool 
or by logging in on the machine itself (remotely) and check it from there. The last option is necessary to 
retrieve the most updated information. Since the data is only updated once a week or after every 
maintenance action, the FSS usually log in on the machine. If the FSS decides that the action should be 
performed, the action is dispatched to planning. If it is decided that the maintenance action is not necessary 
to perform, the action stays in the system so that its situation can be monitored. The decision to postpone 
the CBM action by the FSS can have different reasons: 

• The condition of a part is not updated and thus it was not actually needed 
• The part was only for a short moment of time in a bad condition 
• It is not necessary to drive separately for the maintenance action (for example when the 

customer execute a small task in order to improve the condition of the part) 
• The tasks can be combined with another preventive maintenance action  
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If a maintenance action is dispatched to the planning, it can still be that the action is not executed in the 
current week. This can be due to the capacity of the FSTs, or because the FST after an inspection of the 
machine decides that the action is not required.  

 
FIGURE 6 - MAINTENANCE SCHEDULING PROCESS FSS 

Figure 7 shows an example of a graph that shows the condition of a part. In this graph it is visible what the 
condition of the part is, and what caused the trigger for maintenance. The graph also shows when the 
preventive cleaning of the part took place and how the overall condition of the part is.  

 
FIGURE 7 - EXAMPLE OF A GRAPH SHOWING THE CONDITION OF A PART 

2.4.2 PLANNER 
The planner is responsible for all the ‘regular’ preventive maintenance actions: the tasks that need to be 
executed because of the use of a component and not because of its condition (UBM tasks). Planners have 
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no substantive understanding of the maintenance of the printer. The planning makes a four-week ahead 
schedule, for their and the customer’s overview. The goal is to plan maintenance in consultation with the 
customer at their preferred moment, but this is not always possible. The planner takes into consideration 
whether the maintenance action is enough for a separately drive to the customer. As a guideline, tasks that 
take less than two hours are not scheduled. They remain in the system until one or two weeks ahead, so 
they might be combined with another task. After these weeks, it is reconsidered if the maintenance action 
needs to be executed. Every action has a scheduling tolerance that is considered by the algorithm behind 
the tool. The users are unaware of this scheduling tolerance. Whenever a maintenance action is executed 
later than planned, this is always discussed with the FSS. In case of any doubt about a maintenance action, 
the planners always consult an FSS. 
 

 
FIGURE 8 - UBM MAINTENANCE SCHEDULING PROCESS PLANNER 

Customer availability is the biggest challenge in scheduling maintenance actions. The interviewed planners 
indicate that this is the most occurring reason to postpone a maintenance action. The interviewees indicate 
that postponement of a CBM task by the customer often leads to failure of the machine, resulting in 
corrective maintenance. It is found to be difficult to convince the customers of the necessity of preventive 
maintenance. The customers give priority to their own deadlines and postpone these maintenance actions. 

 
FIGURE 9 - CBM MAINTENANCE SCHEDULING PROCESS PLANNER 
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2.4.3 DISTRICT MANAGERS 
The district managers are responsible for both UBM and CBM tasks. The district managers overlook all the 
outstanding maintenance actions and are in touch with the FSTs about the execution of maintenance 
actions. It is unclear what the exact process is what the district managers follow, but they combine the 
tasks of both the planners and the FSSs. Canon Solutions America (CSA) is currently the only NSO that fully 
uses the tool and works with district managers. According to employees from CPP that work with 
employees from CSA, they use the tool more as a reminder for outstanding maintenance. However, this 
also differs throughout the different district managers. For some, preventive maintenance has a higher 
priority than for others. Because of the lack of contact between CPP and CSA, they could not confirm their 
own working method.  

2.5 CONCLUSION 
CPP is working on its maintenance roadmap from corrective maintenance on to proactive maintenance. 
The key to realizing this is that every stakeholder involved is convinced of the necessary transition. The 
acquisition by Canon Inc. changed a lot in the organization and CPP faced difficult challenges in terms of 
the responsibility of the maintenance actions. Even though CPP is ultimately responsible for the functioning 
of the printers, they do not have complete control over this. Maintenance is executed via the RSHQ’s and 
the corresponding NSO’s. The introduction of the maintenance scheduling tool led to regain of some of the 
control. By using the maintenance scheduling tool, CPP can advise the users which maintenance actions 
need to be executed. The maintenance scheduling tool gives an overview of the maintenance that needs 
to be conducted. How the processes are organized from there, differs per NSO. In NSO’s with planners and 
FSSs, the planners are responsible for the UBM tasks and the actual dispatching of tasks. The FSSs are 
responsible for the substantive work and use judgmental maintenance prognostics to decide if the 
maintenance action need to be executed. In NSO’s with district managers, these are responsible for the 
prognostics as well as the actual dispatching. Even though these stakeholders decide on the maintenance, 
CPP still faces the consequences of the failures of the printer, even if the RSHQ’s, the NSO’s or the 
customers are to blame. This is due to the Service Level Agreements that CPP has established with their 
customers. If the maintenance that is scheduled in the tool is not executed and this leads to a failure, CPP 
must pay for the costs. This means that CPP benefits if the maintenance that is proposed by the scheduling 
tool is executed. The processes are currently organized such that all the actions that need to be executed 
are clear for all the users. However, the tool is not all-encompassing and there is still room for interpretation 
of the advice. Consultation with other stakeholders is necessary and the users still need to add their own 
knowledge before the maintenance action can be executed. 
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3 SUPPORTIVENESS OF THE TOOL 
This chapter focuses on the decision making process from the users of the tool. It answers the second 
Research Question: “How do the human decision makers use the maintenance scheduling tool in order to 
support the decision making process? In order to answer this question, users of the maintenance scheduling 
tool are interviewed, whereby the Technology Acceptance Model is used to quantify these responses. Data 
about the usage of the tool is analyzed in order to get an idea of the actual usage of the tool. 

For conducting maintenance actions, fully automated scheduling solutions are very rare because of the 
complexity of the decisions, the different considerations and the uncertainties. So instead of fully 
automated solutions, decision support systems (DSS) are used. As can be seen in Chapter 2, the 
maintenance scheduling tool is such a DSS Meaning that the human decision makers are making the final 
decision i.e. they can reject or follow the recommendation of the system. In Section 3.1 it is discussed in 
detail which decisions the human decision makers can take and how these decisions are classified. The rest 
of the chapter contains the analysis that is done in order to determine how well the tool supports the 
human decision makers in the actual decision making. Objective as well as subjective data is analyzed. It is 
believed that this combination gives the best understanding about how the DSS supports the process and 
about the possibilities for improvement. Analyzing objective data gives information about the actual 
process performance, while analyzing judgmental data gives the relevant background on the decision (Käki, 
Kemppainen, & Liesiö, 2019). In Figure 10 the setup of the analysis can be found, and this set up is explained 
below the figure. Section 3.2 contains the objective data analysis. Section 3.3 contains the subjective data 
analysis which is based on the Technology Acceptance Model and the in-depth interviews. Section 3.5 
concludes the chapter on the supportiveness of the DSS.  

 
FIGURE 10 - SETUP OF THE DSS ANALYSIS 

The objective data analysis is used as an exploratory research method. From the data, one can see if 
maintenance actions are moved in the schedule and if the actions are still needed to be executed. The aim 
is to get an idea about the actual use of the tool and if there are any remarkable differences, for example 
per NSO or per maintenance action. The subjective data is gathered via an in-depth interview that consists 
of two parts: general statements about the technology acceptance that are judged on a 7-point Likert-scale 
and follow-up questions. The statements form the base for the Technology Acceptance Model and the 
follow-up questions are used in order to support, corroborate or validate the findings from the statements. 
Because there is little (conceptual) difference between having open-ended questions in an interview or 
statements that require a response in Likert-format, the statements can be used in the interview and this 
way do not require an extra contact moment with the users. The combination of the objective data analysis 
and the subjective analysis together conclude on how well the tool supports it users in the decision making 
process: the supportiveness of the DSS. 
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3.1 THE DECISIONS 
In Chapter 2 already discussed how the maintenance scheduling tool works and what its role is within the 
maintenance scheduling process. As explained, the maintenance scheduling tool is a supporting system and 
thus the human decision makers still have the final call. The following decisions can be taken by the users: 

• Reschedule a maintenance action: 
o Advance a maintenance action 
o Postpone a maintenance action 

• Lock a maintenance action so it is not moved in recalculations 
• Assign a specific date and time to the action 

The type of decision making is determined in order to get an idea of how the tool should support the 
decisions that need to be taken by the human decision makers. The decisions (maintenance actions to be 
executed) are made under uncertainty (life estimation of part) and the decision space is constrained 
(capacity, customer availability, spare parts) but there is still some flexibility. Human-model interaction can 
have two different types: input or output adjusting. In the case of the maintenance scheduling tool, the 
model generates a certain output (recommendation of schedule), based on input data and a model, that 
can be adjusted by its users. The users cannot change anything on the parameters, but they can change 
the output by changing the proposed schedule by dragging activities to other weeks and by locking them. 
Therefore, the decisions are classified as output adjusting decisions. After locking, the algorithm can be run 
again to get a new schedule. Locking an activity is preventing the output from changing further. The fact 
that the decisions are output adjusting, makes it difficult to trace the source of these adjustments. It can 
only be seen if the human decision makers are dissatisfied with the recommendation from the decision 
support system, but not the reason why. This makes it harder to link the adjustment to a bias (Käki, 
Kemppainen, & Liesiö, 2019). The process includes decisions that are made on a routine basis. The 
classification ‘routine decisions’ is based on the nature of the decisions that is similar in all the cases and 
the fact that these decisions are made on a weekly basis (Käki, Kemppainen, & Liesiö, 2019). 

3.2 OBJECTIVE DATA ANALYSIS 
Data about the tool is retrieved in order to analyze the use of the tool by the human decision makers. All 
the variables belong to this data can be found in Appendix A. The goal is to get an idea about the actual 
usage of the maintenance scheduling tool. Because of the exploratory nature of this data analysis, no 
hypotheses are drawn beforehand. The data contains weekly snapshots of the current situation of the tool. 
The data that has been collected covers a time span of eighteen weeks: from week 12 up to and including 
week 29 of the year 2020. This time span is large enough so that some maintenance actions occur multiple 
times for the same printer. The users schedule the activities on Monday and Tuesday. The snapshot of the 
data is made on Wednesday morning to ensure all actions of the users are considered. The variables from 
the data that are used and variables that are constructed can be found in Table 1. 
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TABLE 1 - VARIABLES FROM THE DATASET 

CBMID ID that defines the maintenance action, the corresponding printer, and the 
week the trigger was active 

CurrentTimeStamp Time that the dataset is made in weeks 
Description Description of the maintenance action that needs to be performed 
FinalWeek The final week that the maintenance action can be scheduled in order to be 

executed in time (= InitWeekAbsolute + SchedulingTolerance) 
InitWeekAbsolute The week when the maintenance action was originally planned by the 

scheduling tool 
LastPerformed Date and time at which the maintenance action is last performed on the 

machine (UBM only) 
LatestWeek The latest week that the maintenance action occurs in the dataset 
Locked Indicates if the maintenance action is locked in the schedule by the user 
NSO The National Service Organization that the printer belongs to 
PercentageUsed The percentage of part that is used until the current time (UBM only) 
PlanWeekAbsolute The week that the maintenance action is planned in combination with the other 

maintenance actions that needed to be scheduled 
RemainingLifeTime Estimated remaining lifetime of the part in days (UBM only) 
SchedulingTolerance The maximum number of weeks an action can be moved before it is executed 

too late and triggers a warning signal 
SerialNumber Serial number of the printer 
Timing If the maintenance action is executed on time or too late 
Type Type of maintenance activity: 

• Time-based: UBM based on time 
• Non-resettable counter: UBM based on clicks 
• Resettable counter: UBM based on clicks 
• Condition based: CBM 
• Parent-based: Part of a group of PM activities 

UBMID Unique ID to recognize the UBM maintenance action  

The data gives insight in the schedule for the upcoming maintenance actions for each printer. Because of 
the weekly snapshots, it is possible to see which actions are executed and which actions remain to be 
executed. An action can only be removed from the maintenance scheduling tool when the FST indicates 
that the action is done. This means that when a maintenance action was scheduled for a certain week but 
is still in the scheduling tool a week after that week, the task has not been executed ‘in time’. This does not 
mean that the machine breaks down, but that the action is not executed on the time it is scheduled by the 
scheduling tool or the users. The data that is available for UBM tasks is different than that for CBM. Both 
are discussed separately in Section 3.3.1 and Section 3.3.2Variables, respectively. 
In the data, there are two printers where no action is executed in time at all. However, these actions are 
taken care of by the end of the timeframe since they have been removed by the scheduling tool. It concerns 
a total of four maintenance actions that are not executed in time. One of the two printers still has 0 clicks, 
but because it is seen as an active printer and thus its time based maintenance actions do appear in the 
scheduling tool. These printers are considered in the analysis, because they contribute to the full picture.  
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3.2.1 USAGE BASED MAINTENANCE 
Usage based maintenance actions can be split into the actions that are based on the time that the printer 
is in the field, or that are based on the actual usage. Maintenance actions that are based on time in the 
field are for example the quarterly maintenance, which occurs four times per year. Maintenance actions 
that are based on the usage are for example the 20 million maintenance package, that occurs when the 
printer has reached 20 million clicks. 

For the UBM actions, it is possible to see the percentage of the part that is used before it is going to break 
down according to the algorithm. Every maintenance action is initially scheduled in the week that it is 
expected to reach the end of its lifetime, at hundred percent usage. For every maintenance action, a 
scheduling tolerance is determined. Within this tolerance, the action can be moved by the tool in order to 
be combined with other maintenance actions that are scheduled for the same printer. On the other hand, 
the user of the tool can also reschedule the maintenance action within this tolerance to create a new 
schedule that might better suit the needs of other stakeholders. For example, because of customer or spare 
part availability. The user is also able to move the action outside of the tolerance bound. When this occurs, 
this triggers a warning signal from the scheduling tool. The scheduling tolerance of the actions are 
determined by the specialists from the NSO’s and CPP and can be found in Table 2. 

TABLE 2 - SCHEDULING TOLERANCE 

Maintenance action Type Scheduling tolerance (weeks) 
Replace degass pump ink Click based 5 
20 million maintenance Click based 4 
40 million maintenance Click based 4 

Replace transport supply pump ink Click based 5 
Replace the MICR mix pump Click based 5 

Quarterly maintenance Time based 3 
Clean the PIM conditioning bottle (with new air stone) Time based 3 

Preventive maintenance on the Carel heatersteam Time based 4 

The scheduling tolerance is always defined in weeks. For the maintenance actions that are based on the 
total time that the part is used, this means that the scheduling tolerance is always at a certain percentage 
usage, for example 121,4% for ‘quarterly maintenance’. For the maintenance actions that are based on the 
actual usage, the clicks, this is inconsistent throughout the different printers because certain printers reach 
a higher number of clicks per week than other printers. For some printers the tolerance can be at 115% of 
its usage, while for other users it is at 125%. For this analysis, it is only relevant if the actions are executed 
within the tolerance bound, and not if the tolerance bounds are correct. Because the predefined scheduling 
tolerance in weeks is known by the users, this is the one that is considered.  

Whenever a maintenance action is still in the scheduling tool after the last week of the tolerance bound, 
this action is not executed in time. All UBM actions that have a ‘PlanWeekAbsolute’ week the first week of 
the dataset are not considered because it would only consider the activities that are late. The same holds 
for maintenance actions with a ‘PlanWeekAbsolute’ in the last week of the dataset, since these actions are 
always registered as in time. In Table 3 the results from all the UBM tasks can be found.  
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TABLE 3 - SCORES OF UBM ACTIONS 
 CNL CSA 

Maintenance action In time 
Too 
late 

Percentage 
in time In time 

Too 
late 

Percentage 
in time 

Replace degass pump ink 6 0 100% 27 6 82% 
20 million maintenance 7 0 100% 53 9 85% 
40 million maintenance 4 1 80% 27 3 90% 

Replace transport supply pump ink 2 0 100% 18 2 90% 
Replace the MICR mix pump 0 0  1 1 50% 

Total actual usage based 19 1 95% 126 21 86% 
       

Quarterly maintenance 20 0 100% 118 23 84% 
Clean the PIM conditioning bottle (with 

new air stone) 
18 2 90% 128 20 86% 

Preventive maintenance on the Carel 
heatersteam 

14 1 93% 75 14 84% 

Total Time based 52 3 95% 321 57 85% 
       

Total Usage Based 71 4 95% 447 78 85% 

It can be seen than CNL finishes a large percentage of all its tasks on time: 95% of the tasks for both the 
actual usage based and the time based parts. CSA scores approximately ten percent lower on both sections: 
86% for actual usage based and 85% for time based, resulting in an overall 85% score. The users from Canon 
NL are involved in the process of the implementation of the maintenance scheduling tool and this can be 
the reason that this NSO scores higher percentages.  

There is no difference in scores between maintenance actions that are based on actual usage and those 
that are based on time. Besides the ‘Replace the MICR mix pump’ where only two cases are known, there 
are also no significant differences amongst the individual actions. This is confirmed by the users of the tool 
that indicate that there is no priority amongst the UBM tasks. 

3.2.2 CONDITION BASED MAINTENANCE 
For CBM, it is more difficult to determine if the action is executed. Whenever the condition of a part falls 
below a certain threshold, the action is shown in the scheduling tool. From that moment, the users have 
the current week and the following week to schedule a visit in order to execute the action in time. When 
an action is still visible in the maintenance scheduling tool after those two weeks, the activity is executed 
too late. It can occur that the machine fails because the planned maintenance action was not executed in 
time. It is assumed that this only happens when the two weeks have passed and thus according to the 
analysis the action is registered as being executed too late. 
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TABLE 4 - SCORES OF CBM ACTIONS 
 CNL CSA 

Maintenance action In 
time 

Too 
late 

Percentage 
in time 

In 
time 

Too 
late 

Percentage 
in time 

Check Denu belt, possible Z-sensor pollution 0 0  2 1 67% 
Printbelt not recovering after KOM action 10 6 63% 68 46 60% 
Error rate too high. Check MRE and ORE 

performance last week 19 1 95% 1 1 50% 

PWM of Sentry Belt is getting too high. Check 
the Sentry Unit 18 3 86% 53 74 42% 

Temperature in conditioning box is out of 
bound 

5 2 71% 28 8 78% 

ORS connection lost, check ORS status on 
system 

3 2 60% 30 24 56% 

Total 55 14 80% 182 154 54% 

Every time an action occurs in the maintenance scheduling tool, it is seen as a unique action. It is thus not 
possible to assign an ID to the action throughout the weeks to recognize it and track its history. This makes 
it difficult to track the action. It is assumed that whenever an action is in the scheduling tool in sequential 
weeks, that this is the same task. This is a plausible assumption as confirmed by the FSSs. Only the “Printbelt 
not recovering after KOM actions” maintenance action sometimes appears a week later again in the 
scheduling tool after it is executed, because the condition of the part is below the threshold again. This is 
confirmed by the scores from that maintenance action, which are relatively low for both CNL and CSA. On 
the other hand, the action is considered the most important maintenance action because it often results 
in failure of the printer if it is not executed in time.  

The scores are relatively lower than for the UBM actions. Because the CBM actions are limited to only two 
weeks, there is a short timeframe in which the FST has the time to visit the customer and this makes it 
more difficult to execute the action in time. For the CBM tasks, the small tolerance makes sense because 
the maintenance actions are more urgent and the chance at failure is bigger. In addition, for CBM tasks, 
the actual condition is always checked in the system after a trigger appears and thus it can occur that a 
maintenance action does not need to be executed. However, the action remains in the tool until the 
condition of the part falls below the threshold and the data is updated, which can take up to a week. 

3.3 TECHNOLOGY ACCEPTANCE MODEL 

3.3.1 INTRODUCTION 
The maintenance scheduling tool is designed in order to improve the organizational performance. When 
the end-users show resistance to use the tool or when the tool cannot execute the tasks properly, the 
intended improvements are not accomplished. In the literature, different models are defined that can help 
in understanding the usage behavior of a tool.  

The number of users of the maintenance scheduling tool is too small to define a new model that explains 
the usage behavior for this tool specifically. It is chosen to use validated models to research the usage 
behavior of the tool. In these models, the relations between different constructs are already defined and 
validated and thus do not need to be proven again. The questions that are used in the survey are also 
validated in the literature (Venkatesh & Bala, 2008; Van der Heijden, 2004; McGill & Klobas, 2009; Dishaw 
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& Strong, 1999) and are adapted to the situation of the maintenance scheduling tool. The results of the 
survey give guidelines to possible topics for further research but do not determine the exact reasons to 
explain the usage behavior of the tool. Because of the exploratory nature of the survey, no hypotheses are 
formed. The model that serves as the base is the Technology Acceptance Model in combination with the 
Task Technology Fit construct. 

The Technology Acceptance Model (TAM) gives insight in why people accept or reject the tool. It focuses 
on the attitude towards the tool based on perceived usefulness and ease of use of the tool. The TAM has 
evolved from a simple model to a very comprehensive third version of the model where the external 
variables that determine perceived usefulness and ease of use are predefined (Davis, 1989; Venkatesh & 
Davis, 2000; Venkatesh & Bala, 2008). The third version of TAM can be found in Appendix B. TAM is based 
on the Theory of Reasoned Action (TRA) that tries to explain the linkage between attitude and behavior. 
TRA is mainly used to predict how users behave based on their attitude and behavior. The Theory of Planned 
Behavior (TPB) believes that intention is the most important factor for planned behavior. In TRA and TPB, 
the perceived usefulness and ease of use are missing (Mahfouz, 2009). Because the users already use the 
tool it is more important to look at these constructs that at the intention to use a tool.  

The Task Technology Fit (TTF) construct focuses on the match between the tasks that need to be executed 
by the user and the available functionality of the tool. This constructs in combination with the TAM models 
is used before in the field of maintenance (Dishaw & Strong, 1999).  

Most of the user acceptance tests are executed before the tool is put into use. The consequence is that 
these tests focus on the expected performance of the tool. Examples of tests that are executed are usability 
test, performance test, stress test, shadow test. The maintenance scheduling tool is already in use for over 
a year. The aim is to determine if the tool supports the users well enough in the execution of their tasks. In 
the case of the maintenance scheduling tool, it is possible that usability problems arise that can influence 
the perception of the users. This could not occur in the original use of TAM, since the functionality of the 
tool is unknown. However, because it is important for the current acceptance of the tool, the usability 
problems are considered in the analysis. In addition, when usability problems are found, the stakeholders 
are informed so that these problems can be fixed. TAM focuses on the perceived usefulness and the ease 
of use of the tool, seen from the user. Because it is important that the users are and feel supported by the 
tool, it is the user aspect that is most important. Section 3.3.2 explains the variables that are used to 
determine the perceived usefulness and ease of use of the tool.  

3.3.2 VARIABLES 
The combination of the TAM and TTF is used in order to be able to declare the technology acceptance in 
the most comprehensive way possible. In order to test this amongst the users of the maintenance 
scheduling tool, several constructs are chosen that are believed to have the most influence on the 
technology acceptance for the scheduling tool. These constructs are determined after the exploratory 
interview with the users of the tool and in consultation with CPP. The definitions of the constructs that are 
used can be found in Table 5. Perceptions of external control, subjective norm, output quality and task 
technology fit are the external variables that are determined to be the most important in determining the 
usage behavior of the maintenance scheduling tool.  



24 
 

TABLE 5 - DEFINITIONS OF THE CONSTRUCTS 

Perceptions of External 
Control 
 

The extent to which the user believes that there are sufficient resources 
(organizational and technical) to support the use of the system (Venkatesh 
& Bala, 2008). 

Subjective Norm 
 

The extent to which the individuals who are important to the user support 
the use of the tool (Venkatesh & Davis, 2000). 

Output quality 
 

How well the tool performs his tasks in the eyes of the users (Venkatesh & 
Davis, 2000). 

Task technology fit 
 

The task technology fit focuses on the match between the functionality of 
the tool and the tasks that the users need to perform. (Goodhue, 1998; 
Dishaw & Strong, 1999). 

Perceived Ease of Use 
 

The extent to which the user thinks that using the tool would be free of 
effort (Davis, 1989). 

The perceived usefulness 
 

The extent to which the human decision makers believes that the 
maintenance scheduling tool could enhance their job performance. 
Perceived usefulness is the most important determinant of the intentions 
of usage and usage behavior (Davis, 1989). 

Behavioral Intention The extent to which the user has conscious plans to use or not use the 
tool (Warshaw & Davis, 1985). 

Usage Behavior Describes the self-reported usage by the users (Venkatesh & Davis, 2000). 

These constructs are chosen for the following reasons: 
Perceptions of external control: Since the use of the maintenance scheduling tool, the users have less 
authorization over the maintenance actions that need to be performed. Because of this reduction in control 
for the users of the maintenance scheduling tool, ‘perceptions of external control’ is identified as important 
construct that could determine a decrease in perceived ease of use of the system.  
Subjective norm: The users might have the idea that they do not have enough resources to back-up the 
decisions that are made by the system. The subjective norm is a construct that is in common very important 
to research amongst the users and this variable is often seen ass indispensable (Schepers & Wetzels, 2007).  
Output quality: The output quality is chosen even though the quality of the tool is out of the scope of the 
system. This is because the construct that is chosen investigates what the quality is according to the users. 
This is an important construct for the users in determining if the system should be used.  
Task Technology Fit: The task technology fit is chosen because this gives mores insight on if the tool has the 
right functionalities or that there are functionalities missing, because the tool is relatively simple.  
These variables in combination with the standard constructs for the technology acceptance model 
(perceived ease of use, perceived usefulness, behavioral intention and usage behavior) lead to the model 
that can be found in Figure 11. 
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FIGURE 11- MODEL TO TEST USAGE BEHAVIOR 

The value of the constructs is determined by a validated survey that is executed among four users of the 
maintenance scheduling tool. Currently, the tool is being used in the USA (CSA) and in the Netherlands 
(CNL). Ideally, users from both countries would be interviewed, but since users in the USA are very busy 
due to high demand from the market and a reorganization, we have only held interviews with users from 
the Netherlands. Because this is a relatively low number of participants, it is important that the reality of 
the users is mapped out as well as possible. The statements for the TAM/TTF model are therefore judged 
on a 7-point Likert-scale to limiting the chance that the users have to choose from two undesirable points 
(Joshi, Kale, Chandel, & Pal, 2015). This results in the constructs receiving a final value on a scale from 1 to 
7. The goal of the survey is not to find the indicators to predict usage behavior, or to determine exactly the 
indicators for the constructs. Nor is it useful to test for internal consistency. The goal is to get an overview 
of the global acceptance amongst the users of the tool. The scores for the constructs can serve as directions 
for improvements. In addition to the survey, an in-depth interview with the users is executed in order to 
get more information about the constructs and the opinion of the users. The questions of this in-depth 
interview can be found in Appendix C.2. This complements the survey in order to find the precise causes to 
explain the behavior of the users of the tool.  

The scores of the interviewees with the corresponding statements can be found in Appendix C.1. After the 
first three interviews, it became clear that two questions of the construct ‘Perceived Usefulness’ do not 
correctly indicate the score. The statements ‘By using the maintenance scheduling tool the number of 
customer visits is reduced’ and ‘By using the maintenance scheduling tool the total maintenance that needs 
to be conducted is reduced’ are initially asked to see if the maintenance tool improves the situation. From 
the interviews with the FSSs, we learned that even though the number of visits and the total maintenance 
has increased, the situation is improved. The fact that the visits are now plannable outweighs the fact that 
more maintenance needs to be conducted. For this reason, both questions are removed from the results 
but are still visible in Appendix Questionnaire and Results. 
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3.3.3 RESULTS 
This section combines the results from the survey and the in-depth interviews. The results are discussed 
on the base of the Technology Acceptance Model. The constructs are reviewed one by one: first in general 
based on their score and then more in-depth based on the interviews that have taken place. Multiple 
quotes from the interviewees are stated to support the findings. The maintenance scheduling tool is 
currently only used by limited number of users and this limits the possibilities for research methods. TAM 
is chosen to give guidelines about the possible points of improvement of the tool. The results that are 
discussed are mainly descriptive, because the prescriptive results are not significant for such a small test 
group. It is decided to split up the group per function, to see if there are any remarkable differences 
between these groups.  

The users that are interviewed have two different functions: planners and FSSs. First, the results are shown 
for the group. After that, more focus is placed on specific questions and how the participants responded to 
those questions. Because the survey was conducted in an interview form, this gave space for extra 
comments from the participants and thus more underlying information for the outcomes. The averages for 
every construct can be found in Table 6. A score above 4 indicates a positive score on the construct. All the 
constructs are measured on the 7-point Likert scale except for the actual usage behavior, this is measured 
in the actual usage of the tool. TAM is originally used for predicting the usage behavior, but because the 
actual usage is known, this is considered. One can then also see if there are difference amongst the users 
that use the tool heavily versus those users who do not. The averages are calculated from the results of the 
survey, that can be found in Appendix C.1. 

TABLE 6 - RESULTS FROM THE SURVEY 

 FSS (n=2) Planner (n=2) Total (n=4) 
Perceptions of External Control 6.4 5.6 6.0 

Subjective Norm 6.1 6.8 6.4 
Output quality 5.5 6.5 6.0 

Task technology fit 5.4 5.6 5.5 
Perceived Ease of Use 6.0 5.8 5.9 

The perceived usefulness 5.6 6.9 6.2 
Behavioral Intention 6.5 6.3 6.4 

Actual Usage Behavior 6 hours per week 1 hour per week 3.5 hours per week 

As can be seen in Table 6, all the constructs score high on the survey. The users of the tool also indicate 
that they are in general very happy with the tool and that it makes their work a lot easier. The scores differ 
amongst the different users. This makes sense, because the way they use the tool and how dependent they 
are on the tool is also very different. The FSSs have a lot more substantive knowledge on the printers and 
their maintenance while the planners have no knowledge on that topic. The planners are much more 
dependent on the tool in order to execute their work and this can be seen in the scores. More information 
about the differences explained per construct. The following subsections focus on these specific constructs 
and afterwards usability problems of the tool are discussed. 
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3.3.3.1 PERCEPTIONS OF EXTERNAL CONTROL 
The users indicate that overall, they have the control that is necessary for the actions. One of the users 
states: “I just execute what it says with a little ‘sauce’ added from myself”. Implying that this user trusts the 
output of the tool but still has the control to contribute to the final decision.  

They can move the action by a ‘drag and drop’ principle which works fine. When an action is dragged to a 
new week, the user can lock the action to prevent it from moving. At the moment of the interviews, one of 
the users was unable to successfully lock an action. After closing the scheduling tool, the action would 
unlock again. This led to a feeling of reduced control because the algorithm kept moving the actions even 
though they were locked. The user stated feeling ‘desperate’ because actions are rescheduled all the time 
and for that reason the statement ‘I have control over using the maintenance scheduling tool’ received a 
1. A few months after this interview, one of the planners indicates that the lock function is still not working 
properly and that this makes their work a lot more difficult. It even led to FSTs arriving at the customer and 
finding out that the maintenance had been carried out a week earlier already.  

Other moments when the users feel a reduction in control is when something is changed in the tool and 
this is not communicated to the users. All the interviewees state that they are dependent on ‘Venlo’ 
meaning the HQ of CPP in Venlo. The information the users need to receive from the HQ in Venlo “does 
not arrive or does not arrive on time” and “whenever something new is introduced, you would expect that 
they will inform you and explain what it is”. The tool is also compatible with the other tools that the users 
need for their work. The only side note here, is that the users (both FSS and planners) wish that the system 
would update the data once a day instead of once a week. This would improve the decision making and 
make the tool even easier in its use. 

3.3.3.2 SUBJECTIVE NORM 
The score for subjective norm is very high. One can divide the colleagues into two different groups: the 
upper management and the FSTs. As one FSS stated: “The opinion of my manager is very important and he 
determines my review, but my daily work is with the FSS and thus their opinion is more important for my 
daily wellbeing.” The users indicate that especially the upper management is very enthusiastic about the 
tool, that their colleagues are satisfied with the tool and that the users are encouraged to use the tool. This 
is strengthened by the fact that the management sees that preventive maintenance is the future (over 
corrective maintenance). This is in line with the opinion of one of the FSSs, who said “I believe working this 
way is the future” (referring to plannable preventive maintenance). The only people that sometimes have 
some problems with the tool in general are the older generation FSTs. They do not always proactively use 
the tool, leaving room for improvement here and this influences the work of the FSSs. The planners did not 
notice how the FSTs feel about the tool.  

3.3.3.3 OUTPUT QUALITY  
In general, the users are very satisfied with the output of the tool. The planners do not have any knowledge 
on maintenance, so they need to be able to fully trust on the output of the tool. Although this led to some 
skepticism at the start, the planners do have the feeling that the tool proposed the right maintenance 
actions to do. One planner stated: “On one side I believe the output of the tool is very good because I never 
had any problems with it. On the other hand, I do not understand any of it.” One planner gave all the 
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statements the maximum score and thus fully seems to trust on the output of the tool. The other planner 
indicates that the information is not always fully correct. An example of the Carel Heatersteam is given: 
“Sometimes a trigger occurs on the Carel heatersteam and this action is planned and sent to the customer. 
After I have done this, I receive an email from the specialist that there is no Carel heatersteam in this specific 
printer and thus the maintenance action is not necessary. It has happened that we are already at the 
customer and we only need to conduct other maintenance actions and can skip this one.” 

The FSSs are less satisfied with the quality of the output. Data is only updated once a week while it can 
occur that the condition of a part is only below the threshold for a small period of time and the printer 
recovers itself or the customer improves the state of the system by e.g. cleaning the part: “The state of the 
printer is not updated. Printbelts are being cleaned, but the trigger remains in the system for three weeks, 
even though the customer is cleaning it very well. This leads to a reduced faith in the system.” Just a week 
before the interview, another incident occurred: “For all our printers the tool indicated that the connection 
with ORS was lost while there was nothing wrong with the connection.” The FSSs then must perform all 
kinds of extra actions to see if the action is still necessary. Whenever a small mistake is made or an error 
occurs, this can have large consequences. Because of the black box idea of the tool, the users cannot check 
these mistakes. One of the FSSs indicates that, when the interview would have taken place two or three 
months ago, the score would have been higher. However, both the FSSs still trust the tool and believe that 
tool shows correct information. “For us (the FSS), it is easy. We just decide if a maintenance action should 
take place. However, for the planner it is more difficult since they must consider the availability of the 
customer. They have to reschedule and for the customer, this is not ‘beatifically’”. 

3.3.3.4 TASK TECHNOLOGY FIT 
All users indicate that the tool fits perfectly with the way that the work: all users give this statement the 
maximum score: “The drag and drop principle works perfect”, “it is presented in a very useful format” and 
“locking the tasks works well, it is very clear.” The one thing that all the users are relatively unsatisfied with 
is the information that the output of the tool gives, this gets a score of a 4.25. There are multiple 
explanations for these low scores: 

• The users do not know exactly what version or type of the part should be replaced. There are 
different types of the VPi300 (a new version every ten printers) and these can have multiple 
modifications. This is totally unclear in the scheduling tool but very relevant for the FST that needs 
to maintain the part. All modifications from CNL are maintained by one FSS in an Excel sheet. 

• The users do not know what the consequences of moving an action are. The planners use much 
effort to schedule the action in the week that it is shown in the tool while they have multiple weeks 
of tolerance. There is a difference in urgency for the different maintenance actions, but this is not 
indicated in the scheduling tool and thus difficult to base decisions on. 

• For some actions, it is unclear what maintenance needs to be executed. There is a 20 million 
maintenance package, and a 40 million maintenance package. When a machine reaches 40 million 
clicks, does that mean you also have to do the 20 million-package? 

• External maintenance actions are also visible in the scheduling tool and the time that these actions 
take is added in the planning, which is not needed and even annoying according to both FSSs. 
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This means there is a lot room for improvement in the provision of information. The users are satisfied with 
how the information is presented, even if this leaves some room for improvement. One planner indicates 
that it would be desirable that the week numbers are still visible when you scroll down. Or that it sometimes 
might be useful that the customer name is visible. These preferences are confirmed by the other planner.  

3.3.3.5 PERCEIVED EASE OF USE 
The perceived ease of use scores in generally very high. There is one big outlier in the results: one of the 
planners gave a score of 1 on the needed mental effort for interacting with the tool because of the recent 
problems with locking a maintenance action. In general, the maintenance scheduling tool is easy to use. 
One FSS indicates that “Whenever the condition of a part is not up to date, you need to log into the machine 
to check the condition from there. This is going semi-automatic but does require a lot of energy.” One 
planner indicates that: “Whenever there is a failure, you do want to be able to communicate with the FST 
through the tool. I would like more possibilities for interaction.” In general, the tool is found to be easy to 
use, clear and understandable except for when it comes down to doing additional tasks (checking 
conditions, finding modifications), then the tool requires more mental effort.  

3.3.3.6 PERCEIVES USEFULNESS 
The perceived usefulness of the tool is good. As discussed at the end Section 3.3.2, two questions have 
been removed from the survey. With both FSSs, it is discussed what ‘useful’ means in terms of the 
maintenance scheduling tool. One of the FSSs explained: “Before the tool, we (the FSTs) would just go once 
per quartile to a customer and work for one or two days on the printer. Moments in which the customer 
could not use the printer: a big disadvantage. Now, we might visit the customer often. But the visits are 
shorter and are plannable, which is a huge advantage. That definitely outweighs the fact that we spend 
some more time at the customer.” Another FSS added: “On the long days, the customer would always ask 
‘is it ready already?’ and sometimes we had to leave before we were finished. Now, the customer knows 
what we are going to do and how long takes.” One of the planner states: “I am very positive about the use 
of the tool. You can plan the visits more specific and in consultation with the customer instead of ad hoc. I 
also have the feeling that it leads to a reduction in failures. It gives more peace of mind on the planning 
department and more peace of mind for the customer. I would be in favor of doing this for more printers.” 
Especially for planners, the tool translated difficult maintenance actions and technical language into hands-
on actions that need to be executed at the time that is indicated. It can therefore be explained logically 
that the planners think the tool is very useful and thus score so high. The only reason that the tool is not 
always more quickly than doing this manual is because the conditions of the part have to be checked and 
the modifications on the printers have to be written down manually as explained in Section 3.3.3.4.  

3.3.3.7 INTENTION TO USE AND ACTUAL USAGE BEHAVIOR 
The intention to use the tool gets a very high score and all the users indicate that they really think that the 
tool improves their work and that it also improves the customer satisfaction. In the in-depth interview, the 
interviewees indicate that customer satisfaction is the most important indicator of job performance. TAM 
usually focuses on predicting how much the users use the tool. However, the users of this tool do not have 
a lot of choice but using this tool. Therefore, the statements focus on the intention for the future regarding 
the use of the tool. The survey also investigated the actual usage of the users, to see if there are any 
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differences in opinion when users use the tool more often. It does not mean that when a user uses the tool 
more, there acceptance of the tool is higher. Even amongst the FSSs, different usage is measured. One of 
the planners indicate that she only uses the tool on Monday, but if the tool had been updated more 
regularly, she would have checked the schedule more often. It would then also be easier to see if all the 
maintenance that needed to be conducted was done properly. Because the tool only updates automatically 
once a week, there is no use in that right now. An employee from CPP explained that the data is uploaded 
after maintenance is conducted and the engineer has ticked off the actions in addition to the weekly 
update. 

3.3.4 USABILITY PROBLEMS 
The interviews and research also revealed several issues that the users face. These issues are marked as 
usability problems, because these problems make the use of the tool unpleasant, inefficient or impossible. 
These problems contribute negatively in the trust that the users have in the system. These problems are 
already fed back to CPP and the developers of the tool. Several of these problems are resolved already. The 
problems and their corresponding solutions can be found in Table 7. 

TABLE 7 - USABILITY PROBLEMS 

# Problem Reason / possible solution 

1 Parts of maintenance actions reoccurred in the system after 
the package of actions have been executed. 

The action is not marked as 
complete by the FST 

2 Tasks that are locked on Monday are unlocked on Wednesday 
when the planners looked again 

Problem is solved with newest 
ORS update op 1st of October 

2020. 

3 
All machines indicated they have a problem with the ORS 
connection. The tool indicates that for every machine, this 

maintenance action needs to be executed. 

It was meant that one of the ORS 
components is not OK 

4 The maintenance plan in ORS shows certain states with 
indications like ‘published’ and ‘initial’. 

New update of ORS that is not 
communicated by HQ 

5 Problems with triggers: printbelt replacement as part om 20 
million maintenance is not efficient for such an expensive part - 

6 Quarterly maintenance shows only one action instead the 
group of actions that belong with it - 

The problems have been forwarded to those who are responsible. Some problems are very specific, but 
some re-occur or have similar cases that reoccur. Problem number 3 with ORS is a typical example of the 
fact that new maintenance actions are not formally introduced by the users before they are put into the 
system. The same holds for new functions of the scheduling tool (problem 4).  
There are other usability issues that are not necessary problems but improving these facilities can improve 
the usage. It can be useful for the users to have more information about the printer to improve the quality 
of their decisions. Examples are: KPI’s of the printer, what parts of the printers are used intensively, 
maintenance history and preferences of the customer. This information is available as confirmed by CPP, 
but the users do not know where to find this information. In general, this can be displayed in a better way. 
Information about the modifications of the printer are available but need to be kept in a separate excel 
sheet. This also leaves room for improvement. Another small usability problem on the tool is that the weeks 
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of the schedule are no longer visible when the user scrolls down to the printers that are displayed at the 
bottom of the list.  

3.4 SUPPORTIVENESS OF THE TOOL 
The score on the Technology Acceptance Model are all high and the users seem to have accepted that a 
tool decides on the maintenance that needs to be conducted. The users are willing to cooperate and have 
good intentions towards the tool. However, current problems with the tool and the lack of some of the 
functionalities in the tool lead to a reduced supportiveness of the tool as a decision support system.  

The main problem is the reduction of trust in the system. When the users fully trust the tool, they accept 
the decisions that are made by the tool and execute them in the best way possible. The trust was very high 
in the implementation phase. However, now because of 1) faults in the tool/things that do not work, 2) 
new functions which the user does not know about, and 3) new maintenance actions that appear without 
explanation the trust in the tool has declined. A reduction in the trust of the tool means that a lot more 
communication between the FST, the FSS, the planner and the customer is needed. When one cannot trust 
the tool, more work is needed to know when maintenance needs to be conducted. Factors that influence 
the trust of the user in the DSS can vary: contextual information available, guidance provided, 
organizational culture, past experiences and intrinsic beliefs of individuals can all play a role (Arvan, 
Fahimnia, Reisi, & Siemsen, 2019). As stated by the users, the organizational culture stimulates the use of 
the tool. The past experiences with the tool are very positive and the intrinsic beliefs of individuals are very 
positive towards the tool. The guidance provided and the availability of information remains to focus on. A 
lot of the causes for reduction in trust are a combination of missing guidance and lack of information. The 
causes are discussed below; in combination with explanation on if this can be marked as a lack of guidance 
of lack of information. 

• The users do not know their decision freedom and what the consequences of their actions are 
• The exact idea of maintenance actions is unknown: 

o New maintenance actions 
o Combined maintenance actions 

• New functions are introduced without knowledge of the users 

The users do not know their decision freedom and what the consequences of their actions are: When actions 
appear in the scheduling tool, they have a certain scheduling tolerance in which the action can be 
rescheduled without expecting consequences. This is unknown by the users; the users have the idea that 
they must schedule the action as close as possible to the initial week. More freedom in the scheduling of 
maintenance actions enables for making a better scheduling according to the preferences of the customer. 
In addition, the users are not aware of what the possible consequences are for moving an action to another 
week. Not knowing they have the freedom to move the action is a lack of guidance: apparently this is not 
clearly communicated by CPP. The fact that the users do not know what the consequences are is a 
combination of a lack of guidance and a lack of information. The users need guidance on what these 
consequences are, but they also need to be visible in the scheduling tool.  

The exact idea of maintenance actions is unknown: there is a lot of confusion about the content of the 
maintenance actions. When the maintenance actions are clear and unambiguous, not much information is 
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necessary. However, when a new maintenance action appears, the users need to know what they should 
do with this maintenance action and how urgent this action is. When maintenance actions are combined, 
this needs to be explained by the tool. Giving more information about the reason behind the trigger and 
what exactly needs to be executed helps in the decision making. The maintenance scheduling tool should 
serve as a decision support tool. When the users do not agree with the recommendations of the tool, the 
users must know why the tool makes these recommendations. This transparency supports the 
recommendation of the tool and in such a way can convince the user that this is the right recommendation. 
This must also make it easier to recognize mistakes in the tool. 

New functions are introduced without knowledge of the users: Whenever new functions of the tool are 
launched, the users should be notified about this update. This also holds for functions with the On Remote 
Service tool in which the scheduling tool is active. Whenever information here is available that can improve 
decision making, the users should be aware of this possibility. CPP needs to guide the users to enable them 
for optimal decision making.  

Improving the support of the maintenance scheduling tool is not only limited to guiding the users in their 
decision making process. It also has to do with the general use of the tool and how easy the users can 
execute their jobs using this tool. From the interview with CNL, it has been made clear there is still room 
for improvement concerning the support by the tool. For CPP to regain more control about the 
maintenance, the scheduling tool should be a comprehensive solution for scheduling maintenance actions. 
Problems with modifications on the parts, resetting of the counters and unknown maintenance actions 
should not occur for the users to fully trust on the tool. 

3.5 CONCLUSION 
The objective data shows that the tool is differently used within the different NSO’s. This can partly be 
explained by the different type of users (planners, FSS’s, and district managers). However, the users from 
CSA are less likely to execute the maintenance actions in time. It seems like CSA feels less urgency to 
execute these maintenance actions and only visits the customer when they believe it is necessary. The lack 
of data made the analysis of the actual usage of the tool and the corresponding consequences difficult. 
When it could have been demonstrated that not executing the scheduled maintenance actions in time 
leads to failure of the printers, we would have had a much stronger case. However, the analysis that is 
made gave enough reason for further investigation of how the tool supports the humans in their decision 
making process.  

The goal of Research Question 2 was to determine if the tool supports the users enough in their decision 
making. In general, the answer is ‘yes’. The tool makes it very clear which maintenance actions need to be 
executed and when these need to be executed. Especially when everything works as planned, the 
maintenance actions can be executed when it is necessary and the right maintenance triggers occur. 
However, recent developments lead to a reduction in trust in the tool. Due to a lack of transparency and 
information, and the limited guidance that the users receive, there is a reduction in trust in the tool. 
Consequently, the users feel that the tool is less supportive in their decision making process. This is 
especially alarming since it comes from CNL, who were initially the most enthusiastic about the tool.  
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4 DEVIATIONS 
The maintenance scheduling tool serves as a decision support tool. In other words, the users can still choose 
not to use the advice of the tool. This chapter focuses on the influence that the users execute on the initial 
schedule that is proposed by the maintenance scheduling tool. This chapter aims at answering Research 
Question 3: “How often, why and how do the users deviate from the advice of the decision support system?” 
The data that is used in Chapter 3 is used here as well in order to see the deviations from the advice of the 
tool. Analysis of the actions of the user can give more insight in the use of the maintenance scheduling 
tool. It shows if the users deviate from the advice and how large this deviation is. The advice of the tool is 
seen as the week in which the maintenance action is scheduled by the tool. This can either be because of 
the part is expected to reach 100% of its usage, or because it is combined with another maintenance action. 
It is assumed that executing the maintenance action in this specific week is the best option. 

The tool thus proposes a week in which the maintenance actions needs to be scheduled. However, it can 
occur that it is not possible to execute the maintenance action in this specific week. Every action has a 
‘scheduling tolerance’. It means that the users can move the maintenance actions some weeks (the number 
of weeks differs per action) to a more suitable moment giving the external factors. Even though the users 
have the freedom to move the action within the scheduling tolerance, it can be interesting to know why 
the users sometimes choose not to execute the task in the week that is proposed by the tool and 
understand their tradeoffs in this decision. Although the users still behave as is allowed, scheduling an 
action to a week different then the initial week is called a ‘deviation’. 

First, Section 4.1 goes into the consequences of the deviations. In Section 4.2 the data is analyzed to get an 
overview of how often deviations occur. The most interesting cases, when the user reschedules the action 
outside of the scheduling tolerance, are discussed separately. Section 4.3 shows a qualitative analysis and 
focuses on the reasons to deviate, in other words: value that is added by the users. 

4.1 CONSEQUENCES OF DEVIATIONS  
Maintenance actions can be executed earlier as planned, on time, later as planned or not at all. When a 
maintenance action is executed later as planned, it can still be in time, or it can be too late. CBM actions 
cannot be executed earlier as planned because the trigger only occurs if the condition falls below a certain 
threshold. This trigger is the signal that the maintenance needs to be executed and thus earlier than that 
moment is not possible. Therefore, CBM and UBM actions are discussed separately. However, first the 
possible consequences of the deviations are discussed. The timing of the maintenance action affects: 

• Useful lifetime of the part: Replacing a part earlier as planned leads to a reduction in the useful 
lifetime of a part. Replacing a part later extends the useful lifetime. 

• (Possibility of) failures: Postponing a maintenance action increases the chance of failure and 
thus the chance that the part breaks. A failure can have a huge impact e.g. production stops 
and safety breaches. 

• Number of planned replacements: When the part is executed earlier as planned, this leads 
eventually to more planned replacements. CPP has maintenance actions that are scheduled 
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every thirteen weeks. When these are consistently advanced one week, this leads to one 
additional replacement every three years.  

• Mean Time to Repair (MTTR): Replacing a part preventively takes less time and resources than 
repairing a failure. 

All these factors influence the total costs (that must be paid by CPP) and the customer satisfaction. CPP 
makes a distinction between parts that break on their own and parts that, when they break, also damage 
(more parts of) the machine. For these parts, a failure is extra costly. 

4.1.1 SCHEDULING TOLERANCE  
The HQ defines the scheduling tolerances. These tolerances are used to combine multiple maintenance 
actions and to comply with the external factors that the tool does not consider. The risks or additional 
expected costs are within limits that are determined beforehand. The users can thus move freely within 
this tolerance. When a maintenance action is moved outside this tolerance, the system gives a warning. 
These scheduling tolerances vary from three to five weeks and can be found in Table 2. The users are not 
aware of the scheduling tolerances and its consequences, only  

4.2 ANALYSIS OF DATA  
Actions can be executed maximally eight weeks in advance because they are only considered by the 
algorithm of the tool from that moment on. In the data, some actions seem to be executed up until 16 
weeks in advance. This only occurs for the following maintenance actions:  

• Replace degass pump ink  
• Replace transport supply pump ink 
• 40 million maintenance  

The first two maintenance actions have resettable counters. It happens sometimes that the counters are 
not reset in the right manner and this can explain the deviation. In consultation with CPP it is assumed that 
this is the situation for these cases and thus these (six cases) are removed from the data. The 40 million 
maintenance is a non-resettable counter.  None of these actions are executed in the week that they have 
been removed from the scheduler. From CNL, it has been heard that there is confusion about the 
combination of the 20 million and the 40 million maintenance. There is uncertainty if 40 million 
maintenance action also includes 20 million or that both maintenance actions need to be executed when 
the 40 million clicks are reached. In consultation, it has been decided to remove the cases of 40 million 
maintenance that are executed so far in advance. 

4.2.1 UBM  
UBM actions have an initial week in which the related component is expected to reach 100% usage. UBM 
actions have a Planweek in which they are scheduled by the tool in order to combine multiple maintenance 
actions. If the actions are not combined with other actions, their Planweek is the same as the Initialweek. 
Therefore, the timing of the maintenance action relatively to the Planweek is discussed for UBM actions. 
For the timing of the maintenance actions, there are five different options:  
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TABLE 8 - TIMING OF MAINTENANCE ACTIONS 

Timing Formula 
As planned LatestWeek = Planweek 

Earlier as planned Latestweek < Planweek 
Later as planned but in time Latestweek > Planweek && Latestweek ≤ Initweek + SchedulingTolerance 
Later as planned and too late Latestweek > Planweek && Latestweek > Initweek + SchedulingTolerance 

Not executed Latestweek = 292020 && Initweek + SchedulingTolerance > 292020 

When an action is not executed this does not mean the action is never going to be executed, but this has 
not happened until the last week of the dataset. The scores from CNL and CSA can be found in Table 9. 

TABLE 9 - TIMING OF THE MAINTENANCE ACTIONS RELATIVE TO THE PLANWEEK 

Timing CNL CSA Total 
As planned 40 (54.1%) 203 (39.3%) 243 (41.1%) 

Earlier 20 (27.0%) 139 (26.9%) 159 (26.9%) 
Later but in time 12 (16.2%) 101 (19.5%) 113 (19.12%) 

Later and too late 1 (1.4%) 64 (12.4%) 65 (11.0%) 
Not Executed 1 (1.4%) 10 (1.9%) 11 (1.9%) 

Total 75 517 591 

The table shows that for CNL, 54.1% of the maintenance actions are executed in the week that they are 
planned by the scheduling tool. For CSA, this is 39.3%. CNL more often advances the maintenance action 
(20 earlier vs. 12+1=13 later) while CSA has a slight preference for postponing the maintenance 
actions (139 earlier vs. 101+64=165 later). The deviations of the maintenance actions with regard to 
their Planweek can be found in Figure 12 for CNL and Figure 13 for CSA. These graphs give a general idea 
about when the maintenance actions are scheduled relative to their Planweek. 

 
FIGURE 12 - UBM DEVIATIONS CNL 
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FIGURE 13 - UBM DEVIATIONS CSA 

It is difficult to determine a pattern in the deviations. It can be seen that for every maintenance 
action, the planweek is the week in which the action is executed most often. For CNL, they tend to move 
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CNL – 931000164: This maintenance action was postponed so that it could be combined with two other 
maintenance actions. The other actions were executed relatively early in order to make this possible. 

CSA – 931000727: This printer was expected to reach a certain usage but the growth in number of clicks 
stagnated and thus both the maintenance action needed the be executed later as expected. Both actions 
are executed four weeks too late.  

CSA – 931000104: Both the maintenance actions for this printer were moved so much later in time so that 
they could be combined with another maintenance action. Because the two actions together would take 
not even an hour, this is assumed to be the reason of the rescheduling. One action was executed two weeks 
too late, the other one six weeks. 

According to the Data Specialist from CPP, the algorithm does not move an action outside of the scheduling 
tolerance. This means that the users are responsible for the movements of these actions. This is confirmed 
by the fact that all these maintenance actions are locked. For the case of printer 931000754 and printer 
931000727, the reasons make sense and thus the user adds value to the schedule. For the other two 
printers (931000164 and 931000104), it is difficult to determine if it was the right thing to do. The actions 
of the users have worked out well, but the actions do not comply with the predetermined scheduling 
tolerances. Given that CPP must pay the costs if the printer breaks because of this action and the 
agreements that are made, these actions should not be allowed in the future. 

4.2.2 CBM  
For the condition based maintenance, actions cannot be executed earlier as planned by the tool. Simply 
because there is no active trigger before it reaches the optimal week to conduct maintenance. In the case 
of CBM, the optimal week is the week in which the trigger occurs. This is because the maintenance must 
be carried out as soon as possible in order to avoid damage to the printer.  

For CBM, it can be seen how many weeks the trigger is active in the tool before it disappears. An active 
trigger means that the condition of a part is below a certain threshold. The policy is that triggers can remain 
in the tool for a maximum of two weeks before they need to be resolved. When the trigger is active for 
multiple weeks, this can mean two different things:  

2. The trigger has not gotten any attention and the condition of the part is not been improved.  
3. The trigger has appeared again after the condition is not improved enough since last time.  

In the data, no distinction can be made between these situations. Therefore, Figure 14 and Figure 15 show 
how many consecutive weeks the trigger is active for CNL and CSA respectively.  
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FIGURE 14 - CBM DEVIATIONS CNL 

 
FIGURE 15 - CBM DEVIATIONS CSA 

For CNL, the time that the trigger is active is most of the time limited to one or two weeks: within the 
tolerance. Even though the users from CNL indicate that the condition based maintenance actions have the 
highest priority, still 29% of their actions remain active in the tool for more three weeks or more.  

On the other hand, for CSA this number is even higher. 55,1% of the condition based maintenance action 
triggers are active in the tool for three weeks or more. This would indicate that the users of the tool do not 
see the urgency of the triggers or are not able to schedule these actions on time.  
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4.3 REASONS TO DEVIATE  
The fact that users deviate from the advice of the tool suggests that the users think that they outperform 
the tool. Identification of the reasons for deviations can lead to process improvement (Käki, Kemppainen, 
& Liesiö, 2019). In the situation of CPP, there are four main reasons to deviate from the advice of the tool:  

1. Customer availability  
2. FST availability  
3. Spare part availability  
4. Urgency of the action 

The first three factors are not considered by the maintenance scheduling tool and thus describe value that 
is added by the user. For the urgency of the action, it is difficult to determine is the users add value since 
the necessary data is missing to see if moving these actions immediately leads to failure.  

4.3.1 CUSTOMER AVAILABILITY 
According to the planners from CNL, this is the most frequent reason for the deviation. Customers must 
deal with their own busy production weeks and deadlines. They do not have time for maintenance actions 
because they are unable to use their printer in the meantime. The customers do not see the urgency of 
these preventive maintenance actions and thus the NSO’s need to convince the users that is important that 
they conduct the maintenance actions. It is a tradeoff between keeping the customer satisfied now (by 
rescheduling the maintenance action) and preventing the printer from breaking down (by executing the 
maintenance action) because failure leads to an even more unsatisfied customer.  

Because the plannability of preventive maintenance is better than that of corrective maintenance, it 
becomes easier to make appointments with the customers. The customers know how long a maintenance 
action approximately takes and when they can use their printer again. As stated by an FSS: “Now they do 
not ask our FSS every fifteen minutes if they are already done and when they can use the printer again”.  

4.3.2 FST AVAILABILITY 
There is a limited amount of FSTs available. Printers (and thus customers) have a ‘preferred’ FST. When this 
FST is available, (s)he visits the customer to execute the maintenance actions. This FST is most 
knowledgeable about the printer and its current status. However, the other FSTs can also execute these 
maintenance actions and thus this does not influence the availability.  

The workload of the FSTs differs throughout periods because of fluctuations in maintenance demand and 
in availability of the FSTs. Availability of the FST’s is determined by training, installation of other printers, 
illness and holidays. The workload of preventive maintenance actions is not smoothened throughout the 
year. A few weeks it can be very busy because much maintenance is planned, while in other weeks there 
are very few outstanding actions.  Preferably, there is always one FST available that can react quickly to 
break downs of printers. However, in busy circumstances (s)he can also be used to execute preventive 
maintenance actions.  

4.3.3 SPARE PART AVAILABILITY 
When preventive maintenance takes part, the right spare parts need to be available. It almost never occurs 
(according to the planners) that a spare part is not in stock and that this is the reason that the maintenance 
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action cannot be executed. What does happens, in line with what the FSSs told about the modifications in 
Section 3.3.3.4, is that there is indistinctness about the version of the part that needs to be used. It has 
occurred that the FST arrives at the maintenance location with the wrong part and the maintenance action 
cannot be executed. This requires a rescheduling of the maintenance action. 

4.3.4 URGENCY OF THE ACTION 
If a maintenance action is scheduled, this means that an FST must visit the customer. The customer must 
stop using the printer for a while and the FST needs to drive to the customer. Whenever a maintenance 
action needs to be executed, it means it must be ‘worth it’. The general rule of thumb is that the FSTs do 
not drive for maintenance actions that are less than two hours of work. It is preferred to wait until another 
maintenance action trigger which can then be combined. After the maintenance action is postponed, the 
situation is reconsidered a week later. In addition, for CBM actions, it can be that the condition of a part 
has increased since the trigger occurred. Because the data is only updated once a week, the FSSs must 
manually check this. It can then be decided to keep the trigger active but not to immediately act and wait 
until the condition worsens again. In addition, sometimes the customer can execute a small task (for 
example cleaning), to slightly improve the condition so that they can continue to work for a while. 

4.4 CONCLUSION 
This chapter focuses on the deviations from the advice of the tool by the users. Maintenance executions 
are more often rescheduled than executed in the initial week. Because we are unable to see if not following 
the triggers leads to failures, it is difficult to decide what the consequences are for these deviations. When 
the users deviate from the advice of the tool and the printer does not break down, this can encourage the 
users to keep deviating from the advice of the tool. When this is going well, this is beneficial for both the 
customer and for CPP. However, when the printer fails, the negative consequences are much larger.  

For UBM actions, both CSA and CNL prefer to schedule the maintenance action one week earlier than one 
week later. However, some maintenance actions are still active in the tool for weeks after their initial week 
and thus this implies a large deviation. For CBM actions, it is more challenging to follow the advice of the 
tool since the maintenance action must be scheduled on such a short term. Most actions of CNL are 
executed in the same week that the trigger occurs or a week after that. CSA deviates a lot more from the 
advice and the triggers remain active for a much longer period. There is no reason that CSA needs to deviate 
more from the advice of the tool. However, the high demand from the market and the reorganization might 
cause a delay in the maintenance. Regular reasons to deviate from the advice of the tool are either the 
customer availability, the FST availability, or the spare part availability, urgency of the task.  

The reasons to deviate from the tool make sense and these show the value that the users add to the tool. 
On the other hand, the users from CNL do indicate that especially for a few maintenance actions, the 
algorithm is accurate and that neglecting the advice of the tool to maintain can lead to failure of the part. 
This means the users must always consider this trade-off before they deviate from the advice of the tool. 
At the same time, there is still much to be achieved in the awareness of the users when scheduling a 
maintenance action. Combining the data from the interview with data about the deviations show 
discrepancies in the how often the users deviate from the advice of the tool.   
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5 GUIDANCE IN DECISION MAKING 
With the information and knowledge that is gathered in the previous chapters, the current chapter focuses 
on a theoretical base for improving the decision making regarding the maintenance scheduling tool. 
Although much time and effort is put in the content improvement of the tool, not much focus has been on 
the interaction of the users with it. However, the users from the tool do need guidance in the use of the 
tool. Especially when CPP extends the tool to other NSO’s, the tool should be designed for larger user 
groups. Better guiding the users means better support for the users. Not only guidance in the sense of 
monitoring of the tool, but also guidance on the consequences of the decision that are made. This chapter 
focuses on the latter and aims to answer Research Question 4: “What is the best way to guide human 
decision makers in their interaction with maintenance decision support systems?” This experiment is tested 
and further developed after which the final experiment is executed on the platform Amazon Mechanical 
Turk (MTurk). Screenshots and information about the experiment can be found in Appendix D.  

Section 5.1 introduces the experiment. Section 5.2 explains how the experiment is designed in order to test 
the hypothesis that is drawn. In Section 5.3 the results are analyzed in order to check the hypothesis. 
Section 5.4 focuses on the consequences of this experiment for the maintenance scheduling tool.  

5.1 INTRODUCTION 
As can be concluded from the previous chapters, the users do not make fully use of the possibility to 
reschedule the maintenance actions. The users are not aware of the scheduling tolerances and do not have 
enough knowledge about the possible consequences. The tool schedules maintenance actions based on 
the information that is received. However, the tool is not a fully automated scheduling solution and thus 
its users still add value to the scheduling process. In the current situation, the users do not have enough 
understanding of the situation to consistently contribute to a better maintenance schedule for every 
stakeholder. The decision is made to execute the experiment on human decision makers that are not 
necessarily experienced in the field of maintenance. This makes the guidance generally applicable, but the 
users still have the possibility to not use the advice of the tool if they have the feeling that they outperform 
the tool. It is important that users have an understanding of the decision task and a strategy on how they 
add value to the decision process in order to improve this decision process (Arnott, 2006). 

Currently, the users focus on the capacity of their FSTs and the availability of the customer in scheduling 
the maintenance action. If the users need to move the action more than one week, they consult the FSSs 
to check whether this is acceptable. Is it possible to inform the users so that they are aware of the 
consequences of their actions and can we enable them to make the best possible choices? When the users 
are more aware of the consequences of their actions:  

1. Less consultation with the FSSs is needed 
2. Better balance of the workload of the FSTs 
3. Easier to consider the preferences of the customer 

Because of the uncertainty in the field of maintenance, the exact consequences of the decisions that are 
made are unknown. The most important consequences are the possible failure of the printer, the 
satisfaction of the customer and the corresponding costs of both. 
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5.1.1 LITERATURE 
If the users systematically outperform the tool, an option is to improve the model to automate the users 
intervention (Kayande, De Bruyn, Lilien, Rangaswamy, & Van Brugge, 2009). At CPP, we currently see that 
the users add value in the process by considering the capacity of the FSTs and the preferences of the 
customers. At the same time, the users have room for interpretation of the situation, which is desirable in 
an uncertain situation like in the field of maintenance. It is thus (not yet) desirable to automate their jobs. 
In an example situation in the field of forecasting, behavior of the users of a forecasting support system 
improves the system by incorporating two ignored factors (Van Donselaar, Gaur, Van Woensel, 
Broekmeulen, & Fransoo, 2010). Therefore, we focus on the guidance of the users in the decision making 
process to improve the quality of the decisions that are made. Improvement of the decision makers leads 
to better scheduling of maintenance actions and this immediately leads to positive financial consequences 
for CPP because of the SLAs they have with their customers.  

The question arises how the decision makers need to be guided in the process. Bolton & Katok (2018) 
investigate what the most credible forecast guidance is for non-expert decision makers in a cost-loss game. 
The decision makers can choose to take a chance to win or lose or pay a certain cost to avoid the risk. The 
guidance they receive is an unequivocal recommendation, the probabilities or a combination of both. They 
found that the most credible way to convey the risk differs per situation. For taking the chance and thus 
the risk, an unequivocal recommendation works best. An unequivocal recommendation means that the 
tool recommends taking a certain option without it being unambiguous. An unequivocal recommendation 
is found to be less effective for recommending to pay in order to avoid the risk because of the false 
certainty: the decision makers feel robbed when it turns out they could have won. For paying to avoid the 
risk, providing probabilities work the best. A forecast that combines a probability with a recommendation is 
overall the most credible. According to Budescu et al. (2012), the combination of both improves the 
consistency amongst the users in the interpretation of the guidance. This contributes to the idea that a 
combination of the guidance leads to ex-post optimal decision making.  

5.1.2 THIS RESEARCH 
When the research by Bolton & Katok (2018) is translated to the field of maintenance, this leads to the 
following: Paying to avoid the risk can be compared to moving the maintenance action to an earlier week. 
You ‘pay’ for a shorter lifetime of the part in order to prevent the printer from breaking down. Taking the 
risk can be compared to keeping the maintenance action in the initial week that is proposed by the tool or 
rescheduling the action to a week later. Rescheduling the action to a week later would represent a situation 
in which the risks are higher (but so are the rewards).  

In order to test which form of guidance works best in maintenance situations, suitable guidance forms must 
be formed. After brainstorming with the FSSs from CNL, the idea of an indicator light was suggested. This 
indicator light would advise the users about the possible risks that they are facing and if these risks are 
acceptable. Red is used because it is the predominant color of showing risks and yields higher adherence 
(Silic & Cyr, 2016). However, actively advising the users can be risky, because it is unknown how acceptable 
this risk is. Therefore, another form of guidance is introduced that leaves the authority of the decision more 
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by the user: showing more information, in this specific situation: the costs. The following section explains 
the design of the experiment that fits with these both types of guidance.  

5.2 DESIGN OF THE EXPERIMENT 
In the experiment, the users must decide in which week to schedule the maintenance action. The task of 
the participants is to schedule the maintenance action in the best possible way. In these situations, the 
participants can choose to schedule the maintenance in the initial week that it was scheduled by the tool 
or to move the action to an earlier or a later week. In scheduling these tasks, the basic information that 
was provided was the failure probability of the printer per week and the customer availability. The failure 
probability was a percentage and the customer availability was either “yes”, “preferably not” or “no”.  

The experiment that is conducted thus focuses on the guidance that the users receive with regards to the 
consequences of rescheduling a maintenance action. The experiment tests four different types of providing 
information to the users to support them in their decision making:  

1. No support: only the availability of the customer and the failure probability is given  
2. Informative support: The additional information that is provided is:  

a. The expected loss of goodwill 
b. The costs of a breakdown 
c. The (dis)benefit from using a part longer (shorter) than expected 

3. Recommendation: Indicating in which weeks the expected total costs are the lowest 
4. A combination of informative support and a recommendation 

The users thus always have the same three options where they can choose from: scheduling the 
maintenance action a week earlier, in the initial week, or a week later. The experiment consists of two 
conditions: The expected costs (depending on failure probability, (dis)benefit and loss of goodwill) and the 
guidance in decision making as described above. The expected costs are calculated by multiplying the 
chance of these costs with the costs: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡𝐸𝐸𝑒𝑒 𝐸𝐸𝑐𝑐𝑐𝑐𝑡𝑡𝑐𝑐
=  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐸𝐸 𝐸𝐸𝐹𝐹𝑐𝑐𝑝𝑝𝐹𝐹𝑝𝑝𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡𝑝𝑝 ∗ 𝐵𝐵𝐹𝐹𝐸𝐸𝐹𝐹𝐵𝐵𝑒𝑒𝑐𝑐𝐵𝐵𝐵𝐵 𝐸𝐸𝑐𝑐𝑐𝑐𝑡𝑡𝑐𝑐 + (1− 𝑓𝑓𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐸𝐸 𝐸𝐸𝐹𝐹𝑐𝑐𝑝𝑝𝐹𝐹𝑝𝑝𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡𝑝𝑝)
∗ (𝑒𝑒𝐹𝐹𝑐𝑐)𝑝𝑝𝐸𝐸𝐵𝐵𝐸𝐸𝑓𝑓𝐹𝐹𝑡𝑡 + 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡𝐸𝐸𝑒𝑒 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑓𝑓 𝑔𝑔𝑐𝑐𝑐𝑐𝑒𝑒𝐵𝐵𝐹𝐹𝐹𝐹𝐹𝐹  

When the printer breaks down before the maintenance is carried out, this always costs $10,000. If a 
maintenance action is scheduled in a week that the customer does not prefers to be visited, this results in 
a loss of goodwill. To the users, it is stated that it’s always difficult to determine the loss of goodwill when 
maintenance is performed at a moment that’s not ideal for the customer. If a customer informs us (s)he 
prefers not to have maintenance in a certain week, it costs $500 if we still perform maintenance in that 
week, while it costs $750 if we perform maintenance in a week on which the customer told us not to. These 
(dis)benefit of using a part longer (shorter) than expected differ per situation. These are all quantified in 
costs to enable the non-expert participants for better decision making. 

The respondents have been divided in advance randomly into the different target groups. These target 
groups all have a different guidance in decision making. The influence of showing information is compared 
with the influence of showing a recommendation. All other factors should remain constant to get the best 
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results (Montazemi, et al., 1996; Silver, 1991). Respondents get twenty different situations, in which the 
costs per week differ. The following factors remain the same throughout the situations: 

1. Task complexity: the number of alternatives in the choice set; the number of dimensions 
of information used to define an alternative; and the amount of time available for deciding. These 
remain the same, comparable to the situation at CPP.  

2. Task environment: The external environment that affects the situation should remain constant. No 
difference is made between e.g. customers or printers. 

3. Interaction of the components: The interaction of the failure probability, customer availability and 
(dis)benefit should remain constant. 

5.2.1 HYPOTHESIS 
The expectation is that a combination of informative guidance and a recommendation leads to the best 
results. The information gives them information that is available in an objective manner, while the 
recommendation ensures that the optimal ex-ante decision is noticed. The hypothesis is therefor as follows: 

Showing the users a combination of information and a recommendation leads to the users more often 
choosing the ex-ante optimal decision. 

The choice of the human decision makers is on the one hand influenced by how risk averse they are. On 
the other hand, the trust in the DSS can also influences the decision. When the DSS was right in all the 
previous cases, the expectation is that the human decision makers trust the DSS more and thus are more 
tempted to follow its advice. Therefore, it is also researched whether the decision of the users change if 
the outcome of the previous questions lead to a failure of the machine.  

5.3 METHOD 
The study is conducted on MTurk. Participants are divided amongst four different treatment groups. 613 
participants took part in the experiment. Participants who did not answer a control question correct or did 
not complete the full experiment are excluded from the research, leaving 448 participants. In order to test 
this hypothesis, it needs to be clear which option is the ex-ante optimal decision. These optimal decisions 
are based on the expected costs that belong with each option. The formula for this calculation can be found 
in Section 5.2.1. The different scheduling options are the optimal solution an equal number of times. This 
means that it is seven times the optimal solution to schedule the maintenance action earlier, seven times 
later and six times in the initial week. 

The different set-ups of the experiment are tested amongst different test participants. Especially the 
presentation of the information in the information and combination treatment groups has undergone 
several changes. At the end, the users seem to understand the experiment the best whenever the expected 
costs already included the loss of goodwill. Even though the loss of goodwill is been addressed separately, 
it is combined in the table with information that the users receive for each situation. 
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5.4 RESULTS 

5.4.1 OPTIMAL DECISION MAKING 
Analyzing the data shows that the data of the different treatments is not all normally distributed. In 
addition, the distributions across the treatments are not the same. The results are analyzed by taking the 
treatment group as the nominal value and the percentage of time that the participants chose the ex-ante 
optimal decision is the measurement variable. Figure 16 shows the scheduling decisions of the participants. 
As can be seen, the participants are not extremely risk averse. The users have a slight preference for 
scheduling the maintenance action earlier. What does track the attention is that in the Recommendation 
and Control Group, they tend to reschedule the maintenance action instead of keeping it in the initial week.  

 
FIGURE 16 - SCHEDULING DECISIONS 

What we are most interested in is the proportion of time that the participants made the ex-ante optimal 
decision. Differences in this proportion show us if the participants are willing to follow the advice of the 
tool (if given any). The results investigate if the different guidance affects behavior. The left side of Figure 
17 shows the proportion of time that the optimal decision is made per treatment group. The right side of 
Figure 17 shows the proportion of question per participant that is in compliance with the advice of the tool 
with an aggregate analysis. It is remarkable that the proportions of the recommendation group show a 
different distribution and that more participants can reach a higher overall score on the experiment. Where 
the largest group chooses the optimal decision 25%-50% of the times in all other treatment groups, the 
recommendation group has an evenly large group scoring 50%-75% of the optimal. At the same time, more 
users were able to choose the optimal decision over 75% of the time.  
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FIGURE 17 - PROPORTION AND GROUPED PROPORTION EX-ANTE OPTIMAL ECISION IS CHOSEN 

On average, all the participants chose the ex-ante optimal decision 42.36% of the time (σ = 17.50). The 
recommendation treatment group scores the highest (µ = 54.94, σ = 21.68). Between the other treatment 
groups, combination (µ = 40.68, σ = 17.69) information (µ = 37.18, σ = 3.7) and the control group (µ = 41.09, 
σ = 11.57) the results are all relatively similar. A Kruskal-Wallis H test shows that there is a statistically 
significant difference in the number of times that the optimal option was chosen, χ2(2) = 44.750, df = 3, p = 
0.000. The Kruskal-Wallis H test is most suitable since that data consists of one nominal value (the 
treatment groups) and one measurement variable (percentage of time optimal decision is chosen) which 
show the rank of the participant. The fact that the Kruskal-Wallis test converts measurement observations 
to their ranks in the overall data thus does not harm the dataset. The mean ranks are used to compare the 
effect of the different treatments.  

The recommendation group is the only group that significantly scores higher on the proportion of optimal 
decisions that is chosen. This means that in general, the participants are more likely to follow the advice of 
the DSS if it gives them a recommendation. However, when the participants receive the same 
recommendation but also receive the expected costs, the participants are less likely to follow the advice. 
What perhaps is the most striking is that the control group, who did not receive support is evenly to even 
more likely to choose the ex-ante optimal option than the combination and the information group. Since 
one would expect to see that the group that receives support would outperform the group that does not, 
it is an interesting result. Table 10 gives the pairwise comparison of the groups, where also the significance 
results can be found. Significance values have been adjusted by the Bonferroni correction for multiple test. 
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TABLE 10 - PAIRWISE COMPARISON OF TREATMENT GROUPS 

 Test Statistic Std. Error Std. Test Statistic Sig. Adj. Sig 
Information – Combination 24.676 15.605 1.581 0.114 0.683 

Information – Control Group 44.630 17.359 2.571 0.010. 0.061 
Information – Recommendation -113.780 17.359 -6.554 0.000 0.000 

Combination – Control Group -19.955 17.963 -1.111 0.267 1.000 
Combination – Recommendation -89.104 17.963 -4.960 0.000 0.000 
Control Group - Recommendation -69.149 19.507 -3.545 0.000 0.002 

The recommendation group outperforms every other treatment group and that the other groups show no 
significant difference. This means that the hypothesis “Showing the users a combination of information and 
a recommendation leads to the users more often choosing the ex-ante optimal decision“ is rejected. To see 
if there are any difference amongst the moment of maintenance that is the optimal decision, this is 
analyzed in the next section.  

 
5.4.2 OPTIMAL DECISIONS PER MOMENT 
Giving a recommendation overall results in the best decision making. However, it could be that there are 
differences amongst the weeks. In Figure 18 the proportions of optimal decisions per moment are shown 
and can be compared to the total in the last set of clustered columns. Table 11 shows the mean and 
standard deviations of the optimal decisions per moment. 

 
FIGURE 18 - PROPORTION OF OPTIMAL DECISIONS PER MOMENT 

TABLE 11 - MEAN AND STANDARD DEVIATION PER MOMENT 

 Earlier Initial Week Later 
Information 0.3797 (0.27477) 0.3557 (0.27101) 0.3778 (0.32925) 

Recommendation 0.6059 (0.29307) 0.4138 (0.28852) 0.6092 (0.38013) 
Combination 0.4320 (0.27543) 0.4040 (0.28888) 0.3840 (0.37553) 

Control Group 0.4745 (0.27231) 0.2854 (0.23003) 0.4548 (0.31308) 
Total 0.4236 (0.17500) 0.3668 (0.27533) 0.4394 (0.35980) 
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In total, the users are less likely to follow the advice of the tool if the tool indicates that the maintenance 
action must remain in the initial week: only in 36.68% of the cases they comply with the advice of the tool. 
When we look at the situations where the optimal ex-ante decision was to schedule the maintenance action 
earlier, the recommendation treatment group scores significantly better than all the other treatment 
groups (p = 0.000 for pairwise test with information and combination treatment group, p = 0.039 for 
pairwise with control group). A similar result is found for the situations where the optimal action is to 
schedule the maintenance action later. Pairwise comparison shows a significance level of p = 0.000 for the 
recommendation group with the combination and the information group. However, this time there is no 
significant result with the control group (p = 0.058). When the optimal decision was to keep the 
maintenance action in the initial week, relatively a few people from the control group choose this action (µ 
= 0.2854, σ = 0.23003). This results in a significant difference between the control group and the 
combination group (p = 0.016) and the control group with the recommendation group (p = 0.024). So, 
although the group without support relatively well chooses the optimal option when the action needs to 
be rescheduled, this does not hold when the maintenance action should be kept in the same week.  

5.4.3 CONSEQUENCES OF FALSE CERTAINTY 
It seems that the participants are more tempted to follow the advice of the maintenance scheduling tool if 
one is given a recommendation where to schedule the maintenance action to. Especially when they must 
reschedule the maintenance action to an earlier or later stage. However, what if the system gives them a 
wrong advice? Throughout this experiment, a distinction is made between the ex-ante and the ex-post 
optimal decision. The ex-ante optimal decision is the option that is expected to be the optimal decision 
with the information that is available (implied by the guidance information). The ex-post optimal decision 
is visible after it is known if the printer failed. This means that, if the maintenance is conducted in time, it 
is assumed that the optimal decision is made. It could have been the case that the maintenance also could 
have been executed in a later stage, but since this cannot be known, executing the maintenance before the 
printer breaks is seen as the optimal decision.  

This section focuses on the consequences of a wrong advice of the tool and if this changes the decision of 
the human decision makers. In this case a wrong advice is giving a false certainty: when the tool advices 
the maintenance action to be scheduled in a certain week, but the printer breaks down before that specific 
week. It can be imagined that when that occurs, the participants tend to scheduler safer in the next 
situation: preferring to schedule the maintenance action earlier or in the initial week. Figure 19 shows the 
proportion that complied with the guidance after they just were giving a wrong advice. A distinction is made 
between what the advice of the tool was for the next situation to answer the question if the participants 
are still willing to take more risk (and schedule the maintenance action later). 
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FIGURE 19 - PROPORTION THAT COMPLIED WITH GUIDANCE OF TOOL AFTER WRONG ADVICE 

When Figure 19 is compared with Figure 18 it can be seen that there are no big differences in the proportion 
of participants that follow the advice of the tool whether the tool advised right in the previous situation or 
not. The only thing that stands out is that the recommendation group is even more likely to follow the 
advice of the tool when the participants must reschedule the maintenance action, regardless of whether 
this must be earlier or later. For the other groups, there is no difference if the advice was wrong in the 
previous case or not. 

5.5 CONCLUSION AND DISCUSSION 
This experiment focuses on the effectiveness of guidance in decision making for human decision makers in 
the field of maintenance. The participants tended to comply more with the advice of the tool when they 
were only shown a recommendation. The expectation was that users who received both a recommendation 
and all the information (costs), were more likely to follow the advice of the tool: the costs would give them 
the necessary information while the recommendation ensures that the optimal ex-ante decision is noticed 
by the users. This is also in line with what can be seen in the field of forecasting. An experiment with a cost-
loss game that is discussed in literatures shows that a combination of guidance works best (Bolton & Katok, 
2018). Now it turns out that explaining the recommendation with costs thus not significantly improves the 
proportion of time the optimal decision is chosen. Quite the opposite, it leads to a decrease! How can this 
be explained?  

There are differences between the field of forecasting and the field of maintenance that can play a role in 
this experiment: in forecasting, the ex-post optimal decision is known. While in the maintenance domain, 
the question remains if you could not have extended the useful lifetime of the part. At the same time, the 
situation in this experiment is more complicated than the cost-loss game from Bolton & Katok (2018). 
Where the idea was to compose some kind of similar situation with paying for less risk or taking the risk, 
the customer availability and different failure probabilities (instead of no risk versus some risk) might have 
had effect on the experiment.  
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The experiment was refined and tested multiple times to ensure the users understood the costs. Even 
though improvements have been shown, maybe it could be that the information and the costs did not 
mean that much to the participants? It could be that the participants did not calculated the expected costs 
and thus did not know what the optimal decision was. However, the group that received both information 
and a recommendation also failed to choose the ex-ante optimal decision. And in that case, the 
recommendation gives extra clearance and thus this is contradictory. It can be argued that indicating the 
costs give the users a feeling of authority over the decision and thus that the users feel less urged to take 
the advice of the tool. However, this lead not these treatments groups prefer a specific option. So, it 
remains difficult to determine on what the decision of these groups are based.  

The compliance with the guidance does not differ significantly throughout the different scheduling options 
nor have the participants the tendency to schedule the actions always earlier, thus it cannot be explained 
by possible risk aversion.  

Especially when the users are recommended to reschedules the maintenance action (regardless of whether 
this is to an earlier or later moment), the participants followed this recommendation. This holds especially 
for the recommendation group as well as the control group. Both these groups did not receive the costs 
regarding the expected loss of goodwill. It could be that the participants overestimated this account and 
since there was always a loss of goodwill in the initial week, that this option is less chosen. At the same 
time, it could be that these participants wanted to ‘add value’ to the decision and therefor prefer to 
reschedule. The group that received information feels less of this tendency because they are facing a more 
‘objective’ decision because they receive all the costs. They might feel that they can input more than the 
other treatment groups.  
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6 CONCLUSIONS AND RECOMMENDATIONS 
The objective of this thesis is to analyze and further improve the maintenance scheduling process for CPP, 
focusing on the interaction of the users with the maintenance scheduling tool. To achieve this goal, the 
process of maintenance scheduling and the corresponding decision making process are mapped. The 
process and the role of the tool are evaluated after which the focus shifted to improvement of decision 
making. It is determined that users benefit from more guidance of the tool. An experiment is executed to 
form the theoretical base for the improvement of the maintenance scheduling tool. This chapter briefly 
summarizes the conclusions of these efforts in Section 6.1, after which recommendations are given in 
Section 6.2. Limitations and ideas for further research are given in Section 6.3. 

6.1 CONCLUSION AND THEORETICAL IMPLICATIONS 
The main research question that is answered is: “How do the human decision makers use the maintenance 
scheduling tool within the maintenance scheduling process and how can this be further improved?” The tool 
is implemented to give the users an overview of the maintenance actions that need to be conducted and 
to enable for preventive maintenance. Correct use of the tool by the users gives CPP control in the 
maintenance of the printers of their customers. The tool is reasonably adequate in supporting its users in 
the maintenance scheduling process. However, current usability problems and issues with the 
implementation of the tool lead to a reduction of trust and thus less acceptance of the tool. In addition, 
the tool needs to become more comprehensive to ensure that it gets an essential role in the maintenance 
scheduling process. On one hand, certain factors of the tool need to be improved so that the tool is ready 
to be used in other countries and by more printers. At the same time, the quality of the support of the tool 
can be improved by guiding the users more in their decision making. Providing a recommendation about 
the possible consequences of the decision is the most efficient way of guiding the decision makers in the 
field of maintenance. This research contributes in two ways to the existing literature: the case study and 
the experiment on guidance for decision makers in the field of maintenance.   

The case study that is performed shows two very different implementation processes of the maintenance 
scheduling tool. The bottom-up approach that CPP uses works very well for CNL but does not work for CSA. 
At the same time, CPP fails to continuously improve the tool, leading to a reduction of trust in the tool for 
the users from CNL. From the data, it can be seen that the tool is used by CSA, but no one at CPP knows 
exactly how the users from CSA perceive the use of the tool. Limited cooperation makes it difficult to 
accommodate their wishes and thus the focus shifts more towards CNL, which strengthens the effect. This 
is already visible in this research: the subjective data that is gathered is from CNL only and thus the 
improvements of the tool are mainly focused on the needs of CNL.  

The maintenance domain is characterized by uncertainty. Fully automated scheduling solutions are not 
available and the human decision makers still add value into the process. The output of the scheduling tool 
forms as the base for the trade-off on when the maintenance action needs to be scheduled. Users 
sometimes need to deviate from the advice of the tool because of external factors (Van Donselaar, Gaur, 
Van Woensel, Broekmeulen, & Fransoo, 2010). Users need to receive insight in the possible consequences 
of their decisions in order to improve decision making (Arnott, 2006). The executed experiment shows that 
giving a recommendation about the possible options enables the best decision making for human decision 
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makers. In the field of forecasting, users are best guided by a combination of information and a 
recommendation (Bolton & Katok, 2018). It was expected that giving insight in the recommendation (by 
also showing information) would lead to less resistance to follow the recommendation, in line with 
literature (Kayande, De Bruyn, Lilien, Rangaswamy, & Van Brugge, 2009). However, the field of forecasting 
enables for more feedback and this could convince the users to follow the advice of the DSS more than in 
the field of maintenance. When the users receive a recommendation or no guidance at all, the users tend 
to show that they add value to the DSS by adjusting the decision of the DSS. This is visible in the experiment 
but can also be seen in other fields (Käki, Kemppainen, & Liesiö, 2019). In the information group (that 
relatively does not adjust the decision so often), the users could have felt more authority to choose 
(because of the objective cost information) and thus had less problems with scheduling in the initial week 
(and thus not deviate). 

6.2 RECOMMENDATIONS FOR CPP 
The most important goal for CPP should be to regain control over the execution of maintenance. In order 
to do so, CPP benefits from the NSO’s making correct use of the maintenance scheduling tool. These are 
the focus areas of the recommendations: 

1. Add a recommendation about the possible consequences of the decision in the maintenance 
scheduling tool 

By informing the users about the possible consequences of their decisions, they can make a better trade-
off in choosing when to execute the maintenance actions. This recommendation is based on the 
information that is available by the tool. The tool recommends the users if the (dis)benefits outweigh the 
additional/decrease in risk. In addition to the experiment, this does not have to mean that only the best 
option is recommended. The situation from the tool is different in the sense that there are more weeks to 
choose from. The tool can indicate the trade-off between the change in failure probability and the expected 
(dis)benefit from using a part longer (shorter) than expected and give every week a color. Green indicates 
it is an acceptable decision, yellow is doubtful and red means that specific week is not recommended. It is 
up to the user to add the value in terms of customer availability, FST availability, spare parts and necessity 
of the maintenance action. The user can then decide if the other circumstances outweigh the 
recommendation of the tool. The scheduling tolerance must be integrated in this recommendation, as well 
as if the maintenance action is scheduled in that week because it is the optimal week or because it is 
combined with another maintenance action.  

2. Use a top-down approach for the implementation of the maintenances scheduling tools in the 
NSO’s  

Currently, the maintenance scheduling tool is only used for the VPi300 and only for CSA and CNL. CPP does 
see the potential of the tool and thus implementation on more printers and for more NSO’s is the logical 
next step. Previously used bottom-up implementation strategy of the tool works for CNL. However, at CPP 
this does not led to the desired use of the tool. Also, in other countries where a pilot is started, this does 
not seem successful. A more top-down approach is recommended for the implementation of the tool. 
Several actions need to be undertaking to enable this approach: By encompassing this tool in the 
maintenance roadmap, it becomes an essential part of the maintenance that needs to be executed. In 
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addition, top management needs to be convinced of the use of the tool. By gathering more data about 
condition based data and being able to link this data directly to failure of the printers, one can prove that 
the maintenance scheduling tool adds its value. This means concretely that CPP needs to collect data about 
all the CBM actions that are executed. If the printer fails and this can be directly connected to ignoring 
preventive maintenance actions, this needs to be provable. Next to the top-down implementation strategy, 
it is important to set the scope for the maintenance scheduling tool in order to keep it manageable.  

3. Standardize a feedback loop for the users of the maintenance scheduling tool in order to enable 
continuous improvement 

After the actual implementation, the focus still needs to be on continuously improvement and ensuring 
that the users can make fully use of the capabilities of the tool and the integration with other tools. Possible 
directions for improvement of the tool are:  

A) Integration of necessary spare parts and modifications 
B) Scheduling tolerances that are printer specific 
C) More frequent updates of the data 
D) Optimization of user experience: 

a. Locking the screen when scrolling 
b. Adding customer names to the printers 
c. Improve the route throughout the tool and reduce the number of clicks. 

At the same time, a feedback and control loop needs to be set up in order to keep track of these possibilities 
for improvement. Because the HQ in Venlo is relatively far away from what is happening in the field, a 
system of continuous monitoring, control and feedback needs to be institutionalized.  

4. Redesign the SLA’s that are agreed upon with customers for new customers. 

CPP needs to reconsider the SLA’s that are agreed upon with customers in order to regain control over the 
maintenance. If customers do not make time to execute maintenance, they should feel direct (financial) 
consequences if this leads to failure of a printer. Changes can be e.g. adding deadlines for the execution of 
maintenance, giving penalties if failure of a printer is directly attributable to not executing the planned 
maintenance, or agreeing on maintenance hours in which the printer always can be maintained. In addition, 
one could add the use of the maintenance scheduling tool to the SLA’s. Also enable a mechanism in the 
SLA’s that allows for updating the SLA’s if this is required. The metrics should motivate right behavior by 
the customers and should be two-sided on mutually dependent topics (such as maintenance). Both parties 
profit from the right execution of maintenance.  

6.3 LIMITATIONS AND FURTHER RESEARCH 
In this study, several assumptions are made that are limitations to this study. First is the quality of the 
output of the tool. This research could not indicate exactly what the best decision was and could not 
substantiate when the users add value in the process. At the same time, it is assumed that as soon as the 
maintenance action is scheduled, these are executed. However, the FSTs still can decide not to execute the 
actions or deliver a poor quality of maintenance which also affects the planning. Directions for further 
research are: 
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1. Research the effect of the multiple conditions that can influence the human decision maker in the 
maintenance decision 

The experiment shows that the human decision makers are more tempted to follow the advice of the tool 
if they get an unequivocal recommendation. In the experiment, the situation was simplified and all the 
other information was quantified in terms of costs. However, in real life, the trade-off is much more difficult 
and differs a lot more per situation.  In a follow up research, it is recommended to separate these aspects 
and not only focus on the total costs to see if this leads to any differences in complying with the guidance. 
Ideally, one would sketch a more realistic situation and let expert decision makers make the trade-off. 
These experts can than make trade-off between the customer availability, the failure probability and the 
(dis)benefits of moving an action without having these quantified in costs. The additional information can 
be described in for example events: about the last visits of the customer, about how often this part has 
failed and about the general ‘health’ of the printer itself. This way the uncertainty in the field of 
maintenance is better represented. The question arises if an unequivocal recommendation then still works 
best, or that this event information works better. At the same time, it would be of interest to investigate if 
the results of the experiments change when the costs of a failure increase. We would expect that lowering 
the failure costs would not lead to a significant change, since the difference would be too small or the costs 
become the low and users are more tempted to take the risk if this risk is relatively low, 

2. Determine the preferred level of control over the maintenance actions and how this relates to the 
maintenance roadmap 

For CPP, it is recommended to determine what is necessary to keep control over the maintenance actions. 
To what extend does CPP want to control the maintenance actions of the users? And what does it take to 
reach this level of control? At the same time, evaluate the maintenance roadmap. Where are we standing 
and what actions are required to make the next step?  

3. Analyze the requirements of ORS and the integration of the maintenance scheduling tool within 
ORS 

Are changes on ORS required to enable for better maintenance decisions? The maintenance scheduling 
tool is active within ORS, but it is not integrated optimally. In ORS, a lot more data is stored than that is 
visible to the users of the maintenance scheduling tool. Whenever the fleet is relatively small, the FSSs are 
familiar with the printers. When the fleet is larger, it might be useful for the users to see more data on the 
printer. This data could include past events, the KPI’s, specific relevant adaptions to the printer, and 
relevant information on the daily usage of the printer. This also is the first step to maintenance dashboards 
that can enable for proactive maintenance (following the maintenance roadmap).  

4. Use machine learning for adaptive decision processes 

In general, it can be interesting to use machine learning for adaptive decision processes. The decision 
support systems can learn from the changes that the humans make to the advice of the system. The DSS 
can correct human mistakes, leading to more automated and better human technology interaction. For the 
maintenance scheduling tool, this concretely means that for example, the system indicates if postponing a 
maintenance action led to a failure in the past and give a warning when the users postpones the action 
again.  
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APPENDICES 

A VARIABLES OBJECTIVE DATA ANALYSIS 
The following variables are retrieved from the maintenance scheduling tool. The data contains weekly 
snapshots from the current situation in the tool.  

Variable Explanation 
CurrentTimeStamp Time that the part of the dataset is made 
ConfiguratieType Type of Printer (there are different types of VPi300) 
SerialNumber Serial number of the printer 
WorklistDateTime Timestamp of the worklist on which the maintenance plan is based 
Clicks Total number of clicks of the printer 
WeeklyClicks Average weekly number of clicks of the printer 
ClicksDateTime Timestamp of when the click number was reached 
LastUpdateDateTime Timestamp of when the maintenance plan has arrived 
Description Description of the maintenance action that needs to be performed 
Type Type of maintenance activity:  

• Time-based = UBM - based on time  
• Non-resettable-counter = UBM - based on actual usage (counter is not 

reset after maintenance)  
• Resettable counter = UBM - based on actual usage (counter is reset after 

maintenance)  
• Condition based = CBM  
• Parent-based = Part of group of PM activities 

MRI Location in the printer 
PercentageUsed The percentage of the part that is used according to the algorithm (UBM only) 
RemainingLifeTime If percentage is not 100%, the estimated life-time in days (UBM only) 
LastPerformed  When this specific maintenance action was last performed (UBM only) 
InitWeekAbsolute The week when the maintenance action was originally planned by the scheduler, 

when it is expected to reach 100% of its usage (UBM only) 
PlanweekAbsolute The week that the maintenance action is planned in combination with the other 

maintenance actions that needed to be scheduled 
RepairTime Estimated Repair Time of maintenance action (UBM only) 
SchedulingTolerance How many weeks the moment of maintenance action can deviate from the 

InitWeekAbsolute (a few UBM actions only) 
Fixed If the lock is applied to the action 
AttachmentType If there is an attachment (CBM only) 
ParentID  The ID of the main action when the part is part of a group of actions 
Group Is 1 when maintenance activity is part of a group of activities, 0 otherwise (UBM 

only) 
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B TECHNOLOGY ACCEPTANCE MODEL 

 
FIGURE 20 - TECHNOLOGY ACCEPTANCE MODEL (VENKATESH & BALA, 2008)  
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C INTERVIEW QUESTIONS 
C.1 QUESTIONNAIRE AND RESULTS 
 

Person 1 2 3 4  
Output Quality     6.00 
The quality of the output I get from the maintenance scheduling tool is high 4 5 7 5 5.25 
I have no problem with the quality of the maintenance scheduling tool’s 
output 

6 6 7 6 6.25 

I rate the results from the maintenance scheduling tool to be excellent 6 6 7 7 6.50 
I would plan the maintenance activities in the same way that the scheduling 
tool plans them 

5 6 7 6 6.00 
      

Perceptions of External Control 
    

6.00 
I have control over using the maintenance scheduling tool 5 6 1 2 3.50 
I have the resources necessary to use the maintenance scheduling tool 7 6 7 7 6.75 
Given the resources, opportunities and knowledge it takes to use the 
maintenance scheduling tool, it would be easy for me to use the tool 

7 7 7 7 7.00 

The maintenance scheduling tool is not compatible with other systems I 
use.  

6 7 7 7 6.75 
      

Subjective Norm 
    

6.44 
People who influence my behavior think that I should use the system. 5 6 7 7 6.25 
People who are important to me think that I should use the system. 6 6 7 7 6.50 
The senior management of this business has been helpful in the use of the 
system. 

7 7 7 6 6.75 

In general, the organization has supported the use of the system. 6 6 7 6 6.25       

Task-Technology Fit 
    

5.50 
The maintenance scheduling tool fits with the way I work 7 7 7 7 7.00 
It is easy to get the maintenance scheduling tool to do what I want it to do 6 5 4 5 5.00 
The output of the maintenance scheduling tool is presented in a useful 
format 

6 6 5 6 5.75 

The output of the maintenance scheduling tool is exactly what I need 3 3 5 6 4.25       

Perceived Ease of Use 
    

5.88 
I will find it easy to get the maintenance scheduling tool to do what I want 
them to do. 

6 5 7 5 5.75 

Interaction with the maintenance scheduling tool is clear and 
understandable 

6 7 7 7 6.75 

Interaction with the maintenance scheduling tool does not require a lot of 
mental effort 

6 5 1 7 4.75 

I will find the maintenance scheduling tool easy to use. 6 7 7 5 6.25 
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Perceived Usefulness 
    

5.65 
By using the maintenance scheduling tool …. 

    
  

• I am better informed about the maintenance plan of the printers 6 6 7 7 6.50 
• I can decide more quickly when and what type of maintenance to 

conduct 
6 6 7 7 6.50 

• I can accomplish my job more quickly 5 4 7 6 5.50 
• The number of customer visits is reduced 3 2 7 

 
4.00 

• The total maintenance that needs to be conducted is reduced  4 2 7 
 

4.33 
• I am better in managing the maintenance actions 5 6 7 7 6.25 

I find the maintenance scheduling tool useful  6 6 7 7 6.50       

Intention to use tool 
    

6.38 
I will use the maintenance scheduling tool rather than manual methods to 
complete my work 

6 6 7 7 6.50 

My intention is to use the maintenance scheduling tool rather than manual 
methods in completing my work 

7 7 4 7 6.25 
      

Usage Behavior 
    

3.50 
On average, how much time do you spend using the maintenance scheduling 
tool every week? 

8 4 1 1 3.50 
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C.2 FOLLOW UP QUESTIONS 
When you look at the bigger picture, do you think the quality of your work has improved since the tool 
came into use? 

Do you feel that the maintenance planning tool supports you sufficiently in your decision making process? 

What information do you need to make a maintenance decision? (UBM and CBM)  

Do you feel that the tool is missing information? Or that information is provided that you do not need? 
What information would speed up decision making? 

Do you distinguish between the different maintenance actions? Do some take precedence over others? 

Can you remember when a machine broke down because a part was not replaced preventively? How often 
does that happen? Is this specific to a typical maintenance action? Or some kind of maintenance? 

Do you often choose not to perform a maintenance action? Why do you choose to do that? Has it ever led 
to machine failure? 

Do you often move a maintenance action to a different week than the suggested tool? If you do, have you 
ever moved it outside of the planning tolerance? Do you know what the consequences are? 

Would you rather move a maintenance action earlier or later than when it was planned by the maintenance 
planner? 

Do you use locking activities? 

What do you know about the algorithm used in the planning tool? How do you feel about relying on 
maintenance execution algorithms? 

Do you believe that you can deliver a better maintenance schedule with the planning tool than if you don't 
us the tool? 

What do you think is more important? Number of visits or performing task as soon as possible?  

I would like to know your three main performance indicators for planning a maintenance action: 

 

Specific question planner: Do maintenance actions based on actual use take precedence over maintenance 
actions based on time? 

Specific question FSS: Does it often happen that a maintenance action returns in the week after it has been 
maintained? 
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D THE EXPERIMENT 
D.1 OVERVIEW OF THE AVAILABLE INFORMATION 
The availability of the customer: you need to keep the customer happy. There are moments that the 
customer prefers that you do not conduct maintenance, because of e.g. busy production weeks. When you 
do schedule a maintenance action in this week, this will result in a loss of goodwill. The loss of goodwill is 
$500 in a week that the customer prefers not to be visited, $750 in the week that the customer does 
not want to be visited. 
 
The probability that your printer fails in the specific week. When the failure probability is 20%, this means 
there is a 20% chance that the printer breaks down in that specific week. 
 
The costs when the printer fails or does not fail. These are the possible outcomes of your decision. When 
the printer fails, this always costs you and your company -$10,000. When the printer does not fail, these 
costs depend on the week you chose to execute the maintenance action and on the specific situation. In 
these costs, the expected loss of goodwill is also considered. 
 
An indicator light that indicates the option that is recommended by the tool. Green indicates the optimal 
week, yellow the second best week and red the worst week to schedule the maintenance 
action. This optimal decision is based on the information that is available beforehand. It considers both the 
expected costs and the expected loss of goodwill. Both costs are multiplied with the probability that they 
must be paid/are received.  
 
D.2 DECISION TREE 
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D.3 SCREENSHOT OF RECOMMENDATION GROUP 

 

D.4 SCREENSHOT OF INFORMATION GROUP  
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